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Abstract  The  Airway  Management  section  of  the  Spanish  Society  of  Anesthesiology,  Resus-
citation, and  Pain  Therapy  (SEDAR),  the  Spanish  Society  of  Emergency  Medicine  (SEMES),  and
the Spanish  Society  of  Otorhinolaryngology  and  Head  and Neck  Surgery  (SEORL-CCC)  present  the
Guide for  the comprehensive  management  of  difficult  airway  in adult  patients.  Its  principles  are
focused on the  human  factors,  cognitive  processes  for  decision-making  in critical  situations,  and
optimization  in the  progression  of strategies  application  to  preserve  adequate  alveolar  oxygena-
tion in order  to  enhance  safety  and the  quality  of  care.  The  document  provides  evidence-based
recommendations,  theoretical-educational  tools,  and  implementation  tools,  mainly  cognitive
aids, applicable  to  airway  management  in  the  fields  of  anesthesiology,  critical  care,  emergen-
cies,  and  prehospital  medicine.  For  this purpose,  an  extensive  literature  search  was  conducted
following  PRISMA-R  guidelines  and  was  analyzed  using  the  GRADE  methodology.  Recommen-
dations were  formulated  according  to  the  GRADE  methodology.  Recommendations  for  sections
with low-quality  evidence  were  based  on  expert  opinion  through  consensus  reached  via  a  Delphi
questionnaire.
© 2023  Sociedad  Española de Anestesioloǵıa,  Reanimación  y  Terapéutica  del  Dolor.  Published
by Elsevier  España,  S.L.U.  All  rights  reserved.

PALABRAS  CLAVE
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Guía  de la  Sociedad  Española de  Anestesiología,  Reanimación  y Terapéutica  del  Dolor
(SEDAR),  Sociedad  Española  de  Medicina  de Urgencias  y Emergencias  (SEMES)  y
Sociedad  Española  de  Otorrinolaringología  y Cirugía  de  Cabeza  y  Cuello  (SEORL-CCC)
para  el  manejo  de la  vía aérea  difícil.  Parte  I

Resumen  La  sección  de Vía Aérea  de la  Sociedad  Española  De  Anestesiología,  Reanimación  y
Terapéutica del  Dolor  (SEDAR),  la  Sociedad  Española  de Medicina  de Urgencias  y  Emergencias
(SEMES) y  la  Sociedad  Española  de Otorrinolaringología  y  Cirugía  de Cabeza  y  Cuello  (SEORL-
CCC) presentan  la  Guía  para  el manejo  integral  de la  vía  aérea  difícil  en  el  paciente  adulto.
Sus principios  están  focalizados  en  el factor  humano,  los  procesos  cognitivos  para  la  toma  de
decisiones  en  situaciones  críticas  y  la  optimización  en  la  progresión  de  la  aplicación  de  estrate-
gias  para  preservar  una adecuada  oxigenación  alveolar  con  el  objeto  de mejorar  la  seguridad
y la  calidad  asistencial.  El documento  proporciona  recomendaciones  basadas  en  la  evidencia
científica actual,  herramientas  teórico/educativas  y  herramientas  de implementación,  funda-
mentalmente  ayudas  cognitivas,  aplicables  al  tratamiento  de  la  vía  aérea  en  el campo  de la
anestesiología,  cuidados  críticos,  urgencias  y  medicina  prehospitalaria.  Para  ello  se  realizó
una amplia  búsqueda  bibliográfica  según  las  directrices  PRISMA-R  y  se  analizó  utilizando  la
metodología  GRADE.  Las recomendaciones  se  formularon  de  acuerdo  con  esta metodología.  Las
recomendaciones  de aquellas  secciones  con  evidencia  de  baja  calidad  se  basaron  en  la  opinión
de expertos  mediante  consenso  alcanzado  a  través  de un  cuestionario  Delphi.
© 2023  Sociedad  Española  de  Anestesioloǵıa,  Reanimación  y  Terapéutica  del Dolor.  Publicado
por Elsevier  España,  S.L.U.  Todos  los  derechos  reservados.
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Introduction

Airway  management  is  the  cornerstone  of multiple  medical
procedures.1 According  to  recent  series,  the  incidence  of
difficult  airway  (DA)  and  failed  tracheal  intubation  has  fallen
to  1.6  and  0.06  per  1000  cases,  respectively,2 although  both
remain  an  important  cause  of  morbidity  and mortality.3,4

Many  care-related  complications  are avoidable.5 Cal-
culating  the  incidence  of airway  management-related
complications  from  data  available  in  national  registries
and  closed  claims  plays  a  major  role  in  detecting  errors
in  clinical  practice  and implementing  new  strategies  to
overcome  these  failings.5---7 Although  Spain  does  not have
a  register  of  airway  management-related  adverse  events,
approximate  figures  can  be  obtained  by  extrapolating  data
from  other  registries,  particularly  the  UK  4th  National  Audit
Project  (NAP4),8,9 where the resulting  168  recommenda-
tions  led  to  improvements  in patient  safety.10 Since  then,
various  scientific  societies  have  developed  new  guidelines,
algorithms,11---16 and  cognitive  aids.17 Despite  this,  recent
studies3,7,19---21 have  shown  that  almost  a  decade  later,  many
of  the  original  failings  persist,4,18 including  inadequate  eval-
uation  and  planning,  failure  to  predict  a  difficult  airway,
failure  to  prepare  airway  rescue  equipment,  perseverance
in  a  failed  strategy,  failure  to  oxygenate  with  a supraglot-
tic  airway  when  difficulties  arise,  and delay  in  establishing
a surgical  airway.5,18 This  shows  the extent  to  which human
(HF)  and  ergonomics  factors  contribute  to airway-related
mismanagement,22,23 and  highlights  the importance  of  antic-
ipating  and  preparing  for  complications,  following  guide-
lines,  and  stepping  up  efforts  to introduce  improvements.4,24

The  strategies  for  addressing  difficult  airway  manage-
ment  are  conditioned  by  the  environment,  technological
resources,  and the experience  of  the involved  professionals.
Therefore,  it  is  advisable  to  implement  guidelines  adapted
to  the  national  and  institutional  care  settings,4,18,25 as  rec-
ommended  in the Helsinki  Declaration  on  patient  safety  in
anaesthesiology.26 Current  decision-making  tools  are  inad-
equate  because  they  do  not  factor  in  the influence  of
HF  and  contextual  issues,  and promote  interventions  that
may  be  ineffective  and  error-prone.23,27 Tracheal  intubation
(TI)  is the  primary  objective  in most  algorithms,28 mak-
ing them  more  suited  to  educational  or theoretical  training
than  real-world  dynamic,  stressful  clinical  situations23,24,29,30

where,  according  to  some  studies,  they  can  even  have
a  negative  effect  on  decision  making.31,32 Additionally,
they  exhibit  irregular  implementation  and  generally  lim-
ited  adherence.18,30,33 The  reason  for  these findings  has been
attributed  to their  complex  and  inflexible  designs,  which  are
sometimes  perceived  as  a  barrier  to  workflow  rather  than
as  an  aid  in emergency  situations.34 This  raises  the need
for  effective  cognitive  aids  that  simplify  the transition  from
one  technique  to  another  and  ensure35 airway  management
continuity.

This  document  provides  professionals  with  a  series  of
evidence-based  recommendations  and  a  set  of  reasonable,
practical,  decision-making  tools to  overcome  airway  mana-
gement  difficulties.

Objectives

To  put  forward  the evidence-based  recommendations  for
comprehensive  management  of  the difficult  airway  in adult

patients  compiled  by  the Airway  Management  Division  of
the  Spanish  Society  of  Anaesthesiology,  Reanimation  and
Pain  Therapy  (SEDAR),  the Spanish  Society  of  Emergency
Medicine  (SEMES)  and  the Spanish  Society  of  Otolaryngology
and Head  and  Neck  Surgery  (SEORL-CCC).

To  provide  clinicians  with  a set  of  rational,  practical,
tools  consisting  mainly of  context-sensitive  cognitive  aids
that  are  closely aligned  with  ergonomics,  HFs,  and  cognitive
processes  in emergency  airway  situations.  These  tools can
facilitate  decision-making  and  optimize  the implementation
of  sequential  strategies  to  preserve  adequate  oxygena-
tion  throughout  the procedure,  reduce  the  incidence  of
complications,  and  improve  patient  safety  and  quality  of
care.

The  principles  described  should  not  be considered
mandatory  standards,  and  given  the diversity  and  contextual
complexity,  their application  does  not  guarantee  success
in  every  situation.  The  recommendations  are flexible,  with
the  professional’s  clinical  judgment  always  prevailing  after
an  appropriate  analysis  of the risk-benefit  balance  in each
specific case.

Validity  and applicability

This  guideline  provides  general  recommendations  based  on
the  latest  clinical  evidence  and can  be applied  in  any  situ-
ation  and  procedure  requiring  airway  management,  such  as
mask  ventilation,  supraglottic  airway  ventilation  (SGAV)  or
TI,  and  by  any  clinician  in charge of  airway  management.

Our  understanding  of  airway  management  is  constantly
growing  and  new techniques  are being  developed,  so
these  recommendations  will  be periodically  reviewed  and
updated.

Methodology

These  guidelines  were  developed  using  AGREE  II  (Appraisal
of  Guidelines,  Research  and Evaluation  II) criteria.36 The  rec-
ommendations  put  forward  in this  document  are supported
by  evidence  obtained  from  a  rapid  systematic  literature
review  performed  using  PRISMA  Rapid  review  (PRISMA-R)  cri-
teria.

The  topics  to  be addressed  were  chosen  by  the ‘‘Spanish
Airway  Management  Group’’  -  a  task  force  made  up  of 27
members  of SEDAR,  SEMES  and SEORL-CCC  from  across  Spain
with  expertise  in  airway  management  and  experience  in
training  and  research  (anaesthesiologists  and  specialists  in
critical  care  and emergency  medicine).

The  databases  MEDLINE,  Embase,  Scopus,  Web  of  Sci-
ence,  PubMed,  Science  Citation  Index,  and  The  Cochrane
Library  were  searched  for  records  published  between  1
June  2000  and  1  December  2022  using  the terms  ‘‘airway’’,
‘‘airway  management’’,  ‘‘difficult  airway’’,  ‘‘tracheal
intubation’’,  ‘‘guideline’’,  ‘‘algorithm’’,  ‘‘cognitive  aid’’,
‘‘checklist’’,  ‘‘awake  tracheal  intubation’’,  ‘‘fiberoptic
intubation’’,  ‘‘videolaryngoscopy’’,  ‘‘supraglottic  air-
way’’  ‘‘face  mask’’,  ‘‘oxygenation’’,  ‘‘preoxygenation’’,
‘‘apnoeic  oxygenation’’,  ‘‘ventilation  failure’’,  ‘‘rapid
sequence  induction’’,  ‘‘can’t  intubate  can’t  ventilate’’,
‘‘airway  complications’’,  ‘‘emergency  airway’’,  ‘‘front
of  neck  access’’,  ‘‘cricothyrotomy’’,  ‘‘extubation’’,
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‘‘teaching’’,  ‘‘training’’,  ‘‘competence’’.  The  search  was
limited  to  literature  published  in English  and Spanish  over
the  past  22  years,  exclusively  in adult  patients.  Search
terms  were  used  individually  and  in combination.  Random-
ized  controlled  clinical  trials,  case  reports,  surveys,  review
articles,  and  editorials  were  included.

The  GRADE  (Grading  of  Recommendations  Assessment,
Development,  and  Evaluation)  framework  was  used  to  anal-
yse  and  summarise  the data  retrieved  from  the literature
search.37 One  reviewer  (MAGR)  screened  for  duplicates
(abstracts  and  titles)  using  Rayyan  software,  following  which
3  reviewers  (JAS,  TL,  and AAG)  independently  performed  a
full  text  review  to  screen  for  suitability  and documented
their  reasons  for  rejection.  The  references  of the selected
records  were  checked  for  relevant  articles,  and  relevant
studies  published  after  the cut-off  date were  also  taken
into  consideration.  Evidence  from the  studies  retrieved  was
uploaded  to  a summary  of  findings  table  and  the quality  was
analysed.37 The  resulting  findings  were  formulated  into  rec-
ommendations  and  classified  with  their  corresponding  level
of  evidence.

Recommendations  and  justifications  were  initially
drafted  and  critically  reviewed  by 4  authors,  and were  then
forwarded  to the task  force  for final  review,  formulation,
classification  and consensus  during  virtual  meetings  held  in
February  and  March  2023.

Recommendations  supported  by  low-quality  or  practi-
cally  non-existent  evidence  were  included  in a  Delphi  ques-
tionnaire  (supplementary  data),  and those  that achieved
sufficient  consensus  were  included  in the guidelines.

The  final  text was  sent  to  all group  members  and  external
consultants  for review.  Any  further  insights  contributed  at
this  stage  were  included  in the final version.

The entire  process was  conducted  without  any  support
from  industry  or  any  external  funding.

Supplementary  data  1  shows  the GRADE  evidence  scales.

Definitions

There  is  currently  no  universally  accepted  definition  of a  DA
in  the  literature.38,39 The  use  of clear,  concise,  precise  ter-
minology  is  key to improving  situational  awareness  and  team
communication  and  to  developing  cognitive  processes  and a
common  mindset  that  will  produce  coordinated  actions,  cor-
rect  progression  through  an algorithm,  prevent  errors,  and
standardise  criteria  applied  to  research  and documentation
in  the  field  of  airway  management.38,40---42 Supplementary
data  2  includes  risk  factors  for  the  different  entities.

Difficult  airway

Clinical  situation  in which  an operator  with  conventional
training  has  difficulty  performing  mask  ventilation,  SGAV,  or
TI,  which  may  result  in inadequate  alveolar  oxygenation.

Difficult  mask (DMV)  or  supraglottic  airway  (DSGAV)
ventilation

Situation  in which  adequate  ventilation  cannot  be delivered
despite  intense  neuromuscular  blockade  (NMB)  in  the pres-
ence  of one or  more  of  the following  issues:  absence  of
exhaled  carbon  dioxide  or  absence  of  phases  II  and/or  III  of

the  capnography  waveform,  decreased  oxygen  saturation  or
inadequate  saturation,  absence  or  inadequacy  of  spiromet-
ric  measurements  of expired  gas  flow,  incorrect  seal,  exces-
sive  leakage,  or  excessive  resistance  to  the ingress  or  egress
of  gas.  Signs  of  inadequate  ventilation  include  but  are not
limited  to: absence  or  inadequate  movement  of  the chest,
absence  or  inadequate  breath  sounds  on  auscultation,  signs
of  severe  obstruction,  cyanosis,  gastric  dilation,  and  haemo-
dynamic  changes  associated  with  hypoxaemia  and  hypercap-
nia.  (e.g.:  hypertension,  tachycardia,  arrhythmias).

Difficult  laryngoscopy

Given  the widespread  use  of  videolaryngoscopy  in  different
contexts,  it is  important  makes  it appropriate  to  differenti-
ate  between 43,44:

Difficult  direct  or conventional  laryngoscopy
A situation  in  which  glottic  structures  cannot  be  visualised
with  the best  possible  laryngoscopic  exposure  and  optimal
conditions  (patient  position,  correct  blade,  complete  NMB,
external  laryngeal  manipulation,  or  BURP),  and is  defined  by
a  Cormack-Lehane  (CL) grade  3  or  4.

Difficult  videolaryngoscopy  or  indirect  laryngoscopy
A situation  in which  no  percentage  of  glottic  structures  can
be visualised  with  the best  possible  laryngoscopic  exposure
and  optimal  conditions  (patient  position,  correct  blade,
complete  NMB,  external  laryngeal  manipulation,  or  BURP),
and  is  defined  by a  POGO  (Percentage  Of  Glottis  Opening)
0%,  equivalent  to  C-L  grades  3  or  4  with  direct  laryngoscopy
(DL).45

Difficult  tracheal  intubation

Intubation  requiring  multiple  attempts,  additional  opera-
tor(s),  devices  and/or  adjuvants,  or  manoeuvres  to advance
the  endotracheal  tube through  the trachea.

The  level  of  difficulty  can be quantified  and documented
using  the Intubation  Difficulty  Scale  (IDS)  proposed  by  Adnet
et al.,46 or  the Fremantle  Score,45,47 which  includes  the
degree  of  laryngeal  view,  the ease  of insertion  of  the endo-
tracheal  tube  (ETT), the type  of device  used,  and  use  of  any
adjuvants.

Failed  tracheal  intubation

Inability  to  inset  an ETT despite  several  attempt  with  one  or
more  devices  and  adjuvants.

Can’t  intubate,  can’t  oxygenate  (CICO)

Impossible  to  achieve  alveolar  oxygenation  through  non-
invasive  oxygenation  methods  (TI,  mask  ventilation  or  SGAV)
given  the impossibility  of  maintaining  a  patent  upper  airway.
Restoration  of  alveolar  oxygenation  requires  invasive  front
of  neck  access  (FONA).

Difficult  front of  neck  access  (DFONA)

Difficulty  identifying  cervical  anatomical  structures
(cricothyroid  membrane,  CTM)  or  securing  a  FONA.
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Contextual  Difficult  Airway

A  clinical  situation  in  which  a trained  operator  is not  able
to  perform  mask  ventilation,  or  place  an SGA  or  ETT  due
to  complexities  involving  the patient,  pathology,  setting,
operator,  equipment,  experience,  and  circumstances.

Failed  attempt

An  attempt  within  a  specific  airway  management  plan  that
does  not  result  in success.

Failed  Plan

A  plan  that  does  not achieve  success  within  3  attempts.

Difficult tracheal  extubation

Removal  of an ETT  in  a  patient  with  known  or  anticipated
difficult  airway.

Failed  tracheal  extubation

Loss  of  airway  patency  and adequate  ventilation  after  ETT
removal.

Short  apnoea  tolerance

Pathophysiological  state,  usually  caused  by  shunt,  venti-
lation/perfusion  mismatch  or  reduced  functional  residual
capacity  (FRC),  that is  manifested  by  hypoxaemia,  little
or  no  effectiveness  of  periprocedural  oxygenation  tech-
niques,  and/or  short  safe apnoea  time  (time  from  cessation
of  breathing  or  ventilation  until  peripheral  arterial  oxygen
saturation  falls  to  90%).

Human and  ergonomic  factors

The  clinical  setting  is a complex  and dynamic  socio-technical
system  in  which  interactions  among human  operators,
advanced  technology,  and organizational  boundaries  affect
operational  processes  and,  consequently,  care outcomes.23

HFs  encompass  individual,  team,  environmental,  and  organ-
isational  factors  that  affect  both  decision-making  and  the
overall  performance  of  the  system.34 HFs  is  the  scientific
discipline  concerned  with  the  understanding  of  interactions
among  humans  and  other  elements  of  a system  in order  to
optimise  success  (efficiency)  and  reduce  errors  (safety).48

HFs  are  as  important  as  technical  shortcomings  in caus-
ing  airway  management  complications.49 According  to  the
NAP4,  HFs  were  present  in 40%  of the major  complications
studied,  with  an  average  of  four  contributing  HFs  per  case.50

Accidents  usually  involve  ‘‘action  errors’’,  such  as  omitting
a  critical  task,  and  are fundamentally  due  to  a  lack  of  situ-
ational  awareness.50 An  emergency  such as  a  CICO  situation
requires  an  immediate,  coordinated,  team  response.23 How-
ever,  pressure  and  information  overload  can  lead  to  sensory
dysfunction,30 and the  stress  response  causes  cognitive  and
behavioural  changes  that  override  systematic  thinking  and
promote  cognitive  biases,  which  in turn  increase  the  risk  of
errors.22,23,51,52 The  existence  of  several  different,  largely

impractical  algorithms  can  paralyse  the workflow,  and  fac-
tors  such  as  fatigue,  frequently  the  result  of  long  shifts,
will  further  exacerbate  the situation.22 Errors,  therefore,
are  not solely  caused  by poor  individual  skills,  but  by the
very  nature  of  cognitive  processes  and how  they  are  han-
dled  in  challenging  situations.52 Evidence  showing  that  93%
of  difficult  TIs  are unanticipated53 shows  the pressing  need
for  effective  tools  that  do not  cause  cognitive  overload  but
instead  facilitate  complex  processes  such  as  planning,  sit-
uational  awareness,  decision  making,  team  coordination,
and  task  management.48,54 The  linear,  algorithmic  approach
to  crises  is  not  suited  to  the flexible,  intuitive  cognitive
processes  that  are activated  to  resolve  stressful  dynamic
situations.29,55,56

For  the reasons  outlined,  these  guidelines  provide  clini-
cians  with  cognitive  aids  that can  be used  in  any emergency
airway  situation,  standardization  of  the  difficult  airway  cart
as  an  extension  of this,  a  pre-procedure  checklist,  as  well
as  ergonomic  principles.  Supplementary  data  3  details  the
purpose  of  each  element  according  to  human  factors  princi-
ples.

Cognitive  aids

Clinicians  should  use  visual  cognitive  aids  to  deal  with  emer-
gencies  (expert  opinion  [EO]  97.1%).

Cognitive  aids  are  tools  designed  to  maximise  cognition
(memory,  perception,  attention,  concentration,  language)
and  improve  executive  functions  such  as  problem  solving,
planning,  reasoning,  and control.48 Fig. 1  shows  the  SEDAR
SEMES  SEORL-CCC  cognitive  aid for  dealing  with  unantici-
pated  DA.  The  main  aim  is  to  reduce  the instrumentation
of  the  airway  using  the  fewest  possible  attempts.  This
context-specific,  HR-oriented,  emergency  decision-making
tool  consists  of simple  diagrams that  guide  practitioners
through  the sequence  of evidence-based  steps  to  achieve
alveolar  oxygenation  in a patient  with  an unanticipated  DA.

The  design  is  based  on  Chrimes’  Vortex  approach17 with
the  addition  of universal  traffic  light symbolism.

Four  different  categories  of  techniques  for preserving
or  restoring  alveolar  oxygenation  are  presented  -  3 non-
invasive  techniques,  namely,  TI,  mask  ventilation,  and  SGAV,
and  1 invasive  approach:  FONA,  which  is  the last  resort  when
all  3 non-invasive  strategies  have failed.

No  more  than  3 attempts  should  be made  in each  non-
invasive  airway  management  plan  (EO  88.6%) The  first
attempt  must  be  made  under  optimal  conditions  to  maxi-
mize  the  chances  of  success.57---59 Each  new  attempt  requires
the  use  of  a  new  device  or  new methods  or  adjuvants  that
optimise  the  previous  attempt.  If all  attempts  fail,  ‘‘Failed
Plan’’  must  be verbally  declared  and a  new  plan  initiated.
If  all  3  plans  of  non-invasive  techniques  fail,  the  ‘‘CICO
situation’’  must  be declared  without  delay  and  perform
FONA,  which  is the  last  resort  to  safeguard  alveolar  oxy-
genation.  To  speed  up the  transition  to  FONA,  the  FONA  kit
should  be  opened  after  the first  failed  attempt  at mask  or
SGAV.

Airway  management  can begin  with  any of  the  3  non-
invasive  oxygenation  strategies.  The  choice  of  first-line
technique,  as  well  as  backup  techniques,  is  context-
sensitive  (patient  status,  operator  skill,  location  and
availability  of  additional  qualified  help  and  equipment,  and
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Figure  1  SEDAR  SEMES  cognitive  aid  for  the  management  of  unanticipated  difficult  airway.  FONA:  Front  of  neck  access;  Int2:
second operator.

time  of  day).  The  first-line  technique  chosen  is  called  ‘‘Plan
A’’.  If the  first  attempt  fails,  the team  must  announce
‘‘Unanticipated  Difficult  Airway’’  and  immediate  ask  for
help.  If all  3  ‘‘Plan  A’’ attempts  fail, the team  must  progress
to  ‘‘Plan  B’’  which,  if unsuccessful,  must  be  followed  by
‘‘Plan  C’’  ,  using  a  circular  scheme  of non-invasive  tech-
niques  in  a  clockwise  or  counter  clockwise  direction  from
the  first-line  technique.  Alternating  plans  without  exhaust-
ing  the  attempts  for  each  is optional.

The  warning  signs that  prompt  the transition  between
techniques  include  poor or  absent  ventilation,  time-
sensitive  desaturation  and/or  clinical  signs of hypoxaemia,
and the  failure  of a  plan  after  three  unsuccessful  attempts.

Waveform  capnography  is  the gold  standard  for  con-
firming  alveolar  ventilation,  and must  be  available  at all
locations  where  airway  management  is  performed  to  con-

firm  successful  of  any  of the  4  plans  employed.60 We
recommend  evaluating  ventilation  using  the classification
proposed  by  the Japanese  Society  of Anaesthesiologists.61

Fig.  2 is  adapted  from the  Japanese  guidelines.  This  sys-
tem  gives  all  team  members  an accurate,  almost  real-time
mental  model  of  the patient’s  ventilation  status,  thereby
ensuring  timely  transition  between  techniques  or  plans  and
avoiding  fixation  errors.  Capnography  waveforms  can  be
used  to  predict  severe  hypoxaemia  and  hypercapnia  in
patients  under  spontaneous  breathing  (SB)  or  receiving  face
mask,  SGA, ETT,  or  infraglottic  cannula  ventilation.  Grade
2 or  3  ventilation  indicates  the need  to  switch  technique
or  start  a  new,  more  effective  plan  to  maintain  oxygena-
tion.  We  recommend  declaring  capnography  as  ‘‘absent’’
or  ‘‘present’’  to  aid the  team’s  situational  awareness  and
generate  coordinated  actions.

6



ARTICLE IN PRESS
+Model

REDARE-1545; No. of Pages 36

Revista  Española  de  Anestesiología  y Reanimación  xxx  (xxxx)  xxx---xxx

Figure  2  Ventilation  status  on  capnography  waveform  and  its  clinical  interpretation.  Vt: tidal  volume.
Adapted  from  Anesthesiologists  JSo:  JSA  airway  management  guideline  2014:  to  improve  the  safety  of  induction  of  anesthesia.  J
Anesth 2014;28:482-93.

Clinical  signs  such  as  chest  movement  or  auscultation  can
be  evaluated  together,  although  they  are less  reliable.  Tidal
volume  measurements  can  be  more  accurate  and  objective,
although  monitoring  is  not  available  in all  locations.

Changes  in peripheral  oxygen  saturation  (SpO2)  provide
late feedback  due  to  the relatively  long  ‘‘silent’’  period  until
desaturation.

Difficult  airway trolley

A  standardized  difficult  airway  trolley  should  be placed
near  any  room  where  airway  management  is  performed  (EO
100%).  Fig.  3 shows  the airway  trolley  cart  to  complement
the  cognitive  aid.

The  NAP4  describes  multiple  incidents  caused  by  the
absence  of essential  material  for  airway  management.8,9

The  rapid  availability  and presentation  of  the necessary
devices  for  executing  various  plans  are  critical  contextual
components.62 Airway  devices  are often  stored  in easily
transportable  trolleys,63 so  standardising  the content  and
layout  of these trolleys  will  help  teams  adhere  to  algo-
rithms, will  promote  situational  awareness  and  sequential
progression  through  the  algorithm,  and  will  reduce  the  risk
of  delayed  decisions  and  cognitive  overload.63

The  proposed  cart  layout  with  integrated  cognitive  aid
consists  of  4  compartments  represented  by  easily  recogniz-
able  pictograms.  Each  of  the  first  3  compartments  contains
one  of  the  three  possible  categories  of  non-invasive  alve-
olar  oxygenation  techniques.  Each  compartment  is  in turn
divided  into  3 sub-compartments,  each  containing  the dif-
ferent  devices  and  fallback  techniques  for  each  category,
as  well  as  optimization  strategies.  These  are colour-coded
according  to whether  they are first-line  (green),  second-line
(amber)  or  third-line  (red),  in the same  way  as  the cogni-
tive  aid.  Airway  trolleys  with  integrated  cognitive  aids  can
maximise  efficiency  in difficult  airway  management.64 The
prioritization  of  each alternative  within  a  category  can  be
standardized  at each  institution  based  on  available  devices.
If  planning  for a specific  anticipated  airway  management
scenario  advises  altering  the priority  order  of techniques
within  a  category,  this  change  should  be  made  before start-

ing the procedure,  with  the standard  order  restored  after
the  case  is  completed.  The  fourth  compartment  is  reserved
for  the FONA  kit  used in a  CICO  situation.

This  standard  layout  of airway  material  allows  nursing
staff  to  more  effectively  fulfill their  critical  role  as  assis-
tants  in preparing  alternative  equipment  while  the  operator
is  still  implementing  the preceding  option,  and  to offer  them
immediately  in case  of  failure.  This  facilitates  anticipation,
seamless  transition  between  techniques,  and  prevents  fixa-
tion  on a  given  strategy.64

Ideally,  difficult  airway  trolleys  should  be placed within
1  min’s  access  of  all  locations  where  airway  management
is  performed.60,62 In addition  to  immediate  access,  all  pro-
fessionals  must  be correctly  trained  in  the use  of  each
device  or  technique.60,63 The  contents  of the trolley  should
be  inspected  at  least  once  a  week  and  also  after  each  use
following  a checklist  permanently  attached  to  the cart.60

Pre-intubation  checklist

Checklists  should  be used  to  reduce  human  error,  speed  up
tasks,  and promote  an  airway  management  safety  culture
(EO  100%).

Patient  safety  is  often  a  product  of  good  communication,
teamwork,  and  anticipation;  checklists  are  the  glue  that
binds  all  these  factors.65,66 Checklists  reduce  the  incidence
of  human  error,  shorten  the time  needed  to  perform  tasks,
and  reinforce  a  culture  of safety  and  ‘‘control’’.22,29,48,67

They are particularly  useful  in demanding,  high-workload
situations  in which clinicians  are likely  to  develop  ‘‘tunnel
vision’’  (fixation  errors)  and  omit  crucial steps,  but  also
help  considerably  in routine,  repetitive  tasks  when  lack
of  concentration  can  cause  complacency  and  deviations
from  standard  protocols.65 Systematic  reviews  analysing
the use  of  checklists  in the operating  room  have  shown
that  they  reduce  complications  and  morbidity  and mor-
tality,  but only when  all  team  members  are involved  and
compliance  is high.68,69 Checklists  also  optimise  anticipation
and  promote  proactive  discussion,  teamwork,  and  effec-
tive  communication,65 all  of  which  can  improve  patient
outcomes.70 Although  the use  of  TI checklists  does  not
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Figure  3 SEDAR  SEMES  standard  layout  of  the  difficult  airway  trolley.

Figure  4  SEDAR  SEMES  pre-management  airway  checklist.
CP: cricoid  pressure;  DFONA:  difficult  front  of  neck  access;  DL:  difficult  laryngoscopy;  DMV:  difficult  mask  ventilation;  DSGAV:
difficult supraglottic  airway  ventilation  DTI:  difficult  tracheal  intubation;  ECG:  electrocardiogram;  EtO2:  end-tidal  oxygen  concen-
tration; ETT:  endotracheal  tube;  FM:  face  mask;  HFNO:  high  flow nasal  oxygen  therapy;  NIBP:  non-invasive  blood  pressure;  NIV:
non-invasive  ventilation;  NMB:  neuromuscular  blockade;  SGA:  supraglottic  airway  device;  SpO2:  peripheral  oxygen  saturation;  VL:
video laryngoscopy.

appear  to  consistently  improve  some  clinical  outcomes,71,72

they  have  been  shown  to  reduce  the incidence  of hypoxia.71

More  evidence  is  needed  to  define  their  benefit,71 but
they  are  widely  recommended  as  essential  cognitive  aids  to
improve  patient  safety  in airway  management.65,73,74 Fig.  4
shows  the  SEDAR  SEMES  SEORL-CCC  pre-management  airway
read-do  checklist.

Ergonomics

Hospitals  should implement  systems  that  promote
ergonomics  and communication  (EO  91.4%).

The  socio-technical  setting  has  a  significant  impact  on
the  effectiveness,  safety,  and  quality  of  care.75 Inappropri-
ately  designed  systems  have been  associated  with  errors,
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Figure  5  Workplace  ergonomics  in Hospital  Settings  for  tracheal  intubation:  (A)  unanticipated  difficult  tracheal  intubation  after
anaesthesia induction  (supine  position);  and  (B)  known  or  anticipated  difficult  awake  tracheal  intubation  (sitting  position).  Two
roles are  established  in  routine  tracheal  intubation:  operator  (Int1)  and assistant  (Aux).  To  ensure  effective  communication  and
teamwork,  both  must  be  in  direct  line  of  sight  with  each  other,  the  patient  monitoring  system  (M),  the video  screen  (P) and
the respirator  (Vent).  The  team must  immediately  call  for  help  if  they encounter  a  patient  with  unanticipated  difficult  tracheal
intubation (A),  preferably  from  an  expert  in  airway  management  who  can  assume  the  role  of  the second  operator  (Int2),  and  the
airway trolley  must  be  placed  close  to  the  assistant  so  he  can  provide  the necessary  devices  to  the  operator.  The  leadership  role
can be  interchangeable  between  operator  and  second  operator.  Patients  with  a  known  or  anticipated  difficult  airway  should  ideally
be placed  in  the  sitting  position  (airway  benefits  from  the  effect  of  gravity)  and  a  second  operator  must  be present  at  the  start
of procedure.  Layout  B shows  the  suggested  workplace  ergonomic  for  FOI.  The  early  assignment  of  team  roles  improves  attention
and effective  communication  among  members  and  optimizes  the  outcomes  of  the  intervention.  As  in  simulation-based  training,
post-intubation  debriefing  and  analysis  of the case  will  improve  the  team’s  performance  in subsequent  patients.

distractions,  and diminished  efficiency.76 This  is  why  pre-
intervention  planning  of  the workspace  and  the  arrangement
of  human  and  material  resources  is  key to  promoting
situational  awareness,  freedom  of  movement,  and  rapid
response.77 Fig.  5 shows  2 workspace  layouts  that  optimize
these  factors.

Teamwork  improves  outcomes  and promotes  a safety
culture.78---80 Clinicians  must  function as  a unit  by  effec-
tively  organising  individual  actions  to  achieve  a common
goal.81 The  role  of the  leader  is  crucial  for integrating
these  elements.25,80 The  leader must  explain  to  the  team
the  procedure,  expected  events,  and the  operational  plan,
assign  roles  to  streamline  the workflow,  and  clearly  and
explicitly  direct  the entire procedure  by  creating  shared
mental  models.22,80,82 Effective  and  dynamic  communication
is  essential,22,83 and  should  be  based on  clarity,  brevity,  and
empathy,  and  should  enhance  non-verbal  communication,84

allow  participation  and  feedback,80,85 and avoid  noise  and
unnecessary  information  that would  lead  to  distraction  and
errors.22,86

A  critical  event  must  be  treated  by  a  qualified  opera-
tor  with  expertise  in dealing  with  such  situations.  This  will
not  necessarily  be the most senior specialist,  but  rather  the
clinician  with  extensive  knowledge  of  a  certain  advanced
procedure.  The  expert  must  be  notified  as  early  as  possible,
and  always  after  the  first  failure  of  the  primary  plan.  When
the  qualified  operator  arrives  and has  been  briefly  informed
of  the  situation  and  the  techniques  used so far,  they  must
take  decisive,  immediate  action  to  resolve  the situation.

The  availability  and  strategic  location  of  airway  equip-
ment  is  one of  the primary  enablers  of  successful  airway
management.  Devices  with  screens  allow  for  sharing  the
progress  of the procedure  with  the entire  team,  making

them  advisable  for facilitating  coordinated  work  and provid-
ing  targeted  support  by  anticipating  the operator’s  needs.87

Ergonomics  are  highly  context-sensitive.  The  COVID-19
pandemic  showed  the importance  of  teamwork,  communi-
cation,  and the need  to  adapt guidelines  to overcome  new
obstacles,88---90 such  as  personal  protective  equipment  (PPE)
or  ‘‘intubation  boxes’’.91,92

The  ARACHNID  tool  (Algorithms,  Resilience  or  ability  to
recover  from  an  adverse  event,  Cognitive  aids,  Checklists,
Handover  tools,  Non-technical  skills,  Incident  investigation,
and  Design  of  operating  rooms  and  anaesthetic  equipment)
simplifies  the organisation  of  all  ergonomic  elements.93

Pre-procedural assessment and planning

General  evaluation

We recommend  performing  a  pre-procedure  evaluation  in all
patients  who  require  airway  management  (EO  100%).

Anticipation  and  planning  are the cornerstones  of  cri-
sis  management,  and  pre-procedure  airway  assessment  is
a  standard  clinical  practice.39 Current  tests  for  predict-
ing  a difficult  airway  have  limited,  inconsistent  diagnostic
value,39,94---100 since  the vast majority  are designed  solely  to
predict  difficult  DL99,101 and  all  have  low sensitivity  and a
low  negative  predictive  value;  therefore,  none are  entirely
suitable.39,96 The  bite  test  has the highest  sensitivity  (0.67
[95%  CI  (0.45−0.83]) to  predict  difficult  DL, while  the modi-
fied  Mallampati  score  (0.51[(0.40−0.61]) is  most  suitable  for
predicting  difficult  TI.39,96,98 The  combination  of Mallampati
score  and thyromental  distance  is  the most  accurate  predic-
tor  of difficult  TI.94 Most studies  have  focused  on  individual
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Figure  6  Implementation  tool  for  airway  evaluation  and  management  planning.  ATI: awake  tracheal  intubation;  DA:  difficult
airway; DFONA:  difficult  front  of  neck  access;  DL:  difficult  laryngoscopy;  DMV:  difficult  mask  ventilation;  DSGAV:  difficult  supraglottic
airway ventilation;  DTI:  Difficult  tracheal  intubation;  GA:  induction  of general  anaesthesia.
Venn diagram  adapted  from  Law  JA,  Heidegger  T:  Structured  Planning  of  Airway  Management,  Core  Topics  in Airway  Management,
3 edition.  Edited  by  Cook  T,  Kristensen  MS.  Cambridge,  Cambridge  University  Press,  2020,  pp  38-49.

tests,  although  a  combination  of  tests  is  usually  used  in
clinical  practice 97.  Multivariate  models  could  have greater
predictive  capacity  (EO  97.1%),44,102---108 but  very  few,  with
the  exception  of  the Wilson  test, have been studied.98 The
MACOCHA  test,106 which combines  anatomy,  physiology,  and
operator  characteristics,  is  the  only  evaluation  validated  for
critically  ill  patients.  Although  airway  assessment  is  recom-
mended  as  a  standard  of  care, even  in  emergencies,51,96,110

93%  of  difficult  TI are unanticipated53 and  cause  up  to  17%
of  airway-related  adverse  events.109 Airway  assessment  is
important  for  several  reasons:  (1)  it allows  to  stratify  the
risk and  plan  accordingly,39 rapidly  and effectively  transition
between  airway  techniques,  and  spare  resources 96,99,110;
and  (2)  it  can  be  considered  a  cognitive  forcing  strategy
that allows  clinicians  to  prepare  for  a possible  unanticipated
airway,  and  thus  promotes  a safety  culture.97,99,110 Studies
in  airway  management-related  morbidity  have  shown  the
dangers  of  omitting  the airway  assessment  or  ignoring  its

findings.7---9 In medical  malpractice  claims,  failure  to  pro-
vide  a documented  airway  assessment  is  considered  to  fall
below  the standard  of  care.3

Pre-procedural  airway  assessment  should  be multifacto-
rial,  structured,  and aimed  at detecting  anatomical,  physi-
ological,  and  contextual  difficult  airway  (EO  97.1%).25,97,111

A  pre-procedure  medical  history  and  physical  examina-
tion  are recommended,  if feasible.51 A complete  history
begins  with  reviewing  previous  TIs  and identifying  fac-
tors  that may  alter  the anatomy  of  the  neck  or  airway,
such  as  radiation  therapy,  surgery,  or  previous  medical
conditions.112 The  diagnosis  of  SAHS  is  a predictor  of  dif-
ficult  mask  ventilation  (1C)  and  difficult  TI (1B).  A history
of  difficult  TI is  the  risk  factor  with  the  greatest  pre-
dictive  value  for  difficult  TI.98,113 Reviewing  any  imaging
studies  (CT,  MRI)  is  advised,  as  these  can  provide  valu-
able  information  on  the level and  severity  of any stenosis
or  obstruction  identified.51,97,114 In patients  with  known
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Figure  7  Cognitive  aid  for  planning,  risk  stratification,  and  decision-making  for  airway  management  based  on  aspiration  risk.  ATI:
awake tracheal  intubation;  DA: difficult  airway;  DM:  Diabetes  mellitus;  GI:  gastrointestinal;  KF:  kidney  failure;  RSI:  rapid  sequence
induction.

or suspected  obstructive  glottic  or  supraglottic  pathology,
decision-making  will  be  facilitated  by  preoperative  flexible
nasopharyngoscopy  (FNP)  or  fibreoptic  nasendoscopy  exam-
ination  of  the  airway  by  an ENT  specialist.115---117

The  airway  examination  can begin  by  detecting  pre-
dictors  of  difficulty  or  failure  for  the primary  plan
and  subsequently  for  the three  alternative  plans  (EO
97.1%).97,118,119 Some  experts  recommend  only  evaluat-
ing  the  possibility  of difficult  FONA  in  patients  with
DA.51,97,120,121 In this  case,  the CTM  must  be  identified  by
palpation120,122 and  ultrasound51,121 as  a preventive  measure.
Ultrasound  identification  ensures  a higher  cricothyrotomy
success  rate  and  fewer  complications.123

Ultrasound  has shown  promise  as  a  tool  for  rapidly
identifying  a difficult  airway.124 It  has a  level  of accuracy
comparable  to  CT  and radiography,  and is  far  more  effec-
tive  than  the  modified  Mallampati  test.125,126 It  is  particularly
useful  in  determining  risk  of  aspiration121,127---130 and  difficult
airway  in  unconscious  or uncooperative  patients.99

The  existence  of a  physiologically  difficult  airway
(PDA)1,111,131,132 due  to  the  presence  of pathophysiologi-
cal  changes  that  increase  the risk  of  complications  during
TI,  such  as short  apnoea  tolerance,  haemodynamic  insta-
bility,  severe  metabolic  acidosis  or  full stomach,  and
the  presence  of  contextual  difficult  airway  due  to  lack
of  patient  cooperation,  emergency  situations,  unskilled
or  inexperienced  operator,  or  the absence  of additional
qualified  help  or  the most  appropriate  device  must  be
taken  into  account  when planning  the airway  management
approach.1,25,97

The  end  result  of  the  assessment  should be  a clearly
defined  airway  management  plan  that  should  be  discussed
and  shared  with  the entire team  before  starting  the pro-

cedure.  The  plan  must  include  a fallback  strategy  for
unanticipated  DA  in  all  patients,  even  in the absence  of
predictors  of  difficulty.97

Fig. 6  shows  an implementation  tool  for  airway  assess-
ment  and  management.

Decision-making  must  be individualized  to  the  patient,
operator,  contextual  considerations,  and  time  of  day (EO
97.1%).119,133

Recommendation

The  diagnosis  of  SAHS  is  a predictor  of  difficult  mask
ventilation.

Strong  recommendation;  low  level  of  evidence

(⊕⊕©− ©−  )
The  diagnosis  of  SAHS  is a predictor  of difficult  tra-

cheal  intubation
Strong recommendation;  moderate  level  of evi-

dence  (⊕⊕⊕©−  )

Aspiration  risk  assessment

Aspiration  is  responsible  for  up  to 50%  of  airway-related
deaths,134,135 and  prevention  of  this  complication  must  be  a
priority.  Poor  risk  assessment  and  planning  are  the root  cause
of  aspiration.8 Most  cases  can  be prevented  by  cognitive  aids
and  adherence  to  guidelines.136 A  full  stomach  is  the  main
risk  factor,135,137 and  can be  avoided  by  following  preopera-
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tive  fasting  guidelines  (EO  97.1%) 138; however,  these  cannot
be  relied  on  in certain  situations,  such  as 134,137,139---141:
(1) non-compliance  with  fasting  instructions  or  uncertain
prandial  status  (e.g.,  emergency  surgery,  language  barrier,
cognitive  dysfunction);  (2)  pathologies  that  delay  gastric
emptying  (for  example,  diabetes  mellitus,  advanced  liver  or
kidney  dysfunction,  Parkinson’s  disease,  critical  illness,  sym-
pathetic  activation,  pain, chronic  opioid  administration);
and  (3)  increased  intra-abdominal  pressure  (morbid  obesity,
predominantly  truncal,  ascites,  masses,  obstruction).  Fast-
ing  guidelines,  therefore,  should  be  complemented  by  an
objective  examination  to  increase  the  safety  margin.141,142

Gastric  ultrasound  is  a simple,  non-invasive,  point-of-care
tool  with  high  sensitivity  (1.0)  and  specificity  (0.975)  for
determining  the risk  of  aspiration  by  identifying  the  nature
and  volume  of  gastric  contents.139,143---145

Despite  limited  evidence  of  its  cost-effectiveness,  stud-
ies  have  shown  that  gastric  ultrasound  has  led to  changes  in
decision-making.135,146 No  special  precautions  are  required
in  patients  with  an empty  stomach  and no  risk  factors;  how-
ever,  a  full  stomach  with  or  without  additional  risk  factors
is  an  indication  for  TI  to  protect  the  airway  (EO  88.6%).
The  patient’s  clinical  context  and  other  specific risk  factors
for  aspiration  must  be  taken  into  account  during  decision
making.119,147 We  recommend  performing  gastric  ultrasound
to  evaluate  the  risk  of aspiration  in risk  situations  (1C)

Fig.  7 shows  a cognitive  aid  for  airway  management  based
on  aspiration  risk.

Option  Requirements  Advantages  Drawbacks  Indications

Awake  airway  management  Adequate  oral,
pharyngeal,
laryngeal  and
tracheal  topical
anaesthesia.
or
Nerve  blocks.
± Conscious
sedation.

Preserves  SB,
airway  patency,
and  protects
against  aspiration.
Facilitates  the
identification  of
anatomical
structures.
Prevents  anterior
positioning  of  the
larynx.

Requires  patient
collaboration  and
tolerance.

Technique  of  choice  in
anticipated  difficult
airway.
Predictors  of  highly
difficult  or  impossible  TI
with  laryngoscopy
and/or  mask ventilation,
composite  difficulty
predictors  or
physiologically  difficult
airway,  and  contextual
difficult  airway.

GA

Induction

Preserved

SB

Inhalational
anaesthesia  with
sevoflurane  at a
MAC  of  4.5%.
or
IV  ketamine  at
dissociative  doses
in monotherapy.

Preserves
spontaneous
alveolar  gas
exchange  and
laryngeal  reflexes.

Does  not  guarantee  good
Vm  or  airway  patency,
and does  not  protect
against  aspiration.
Greater  risk  of  airway
collapse.  Applying  PEEP
or CPAP  helps  prevent
collapse.  Significant
morbidity  in critically
obstructed  airways,
which  can  lead  to  failed
TI and complete
obstruction.
Slow  awakening.
Possibility  of  apnoea,
laryngospasm,  coughing
fits,  and  regurgitation.

When  the  airway
assessment  indicates  the
need  for  awake  airway
management  but  general
anaesthesia  (GA)  is
unavoidable  due  to  lack
of cooperation  or
urgency  and  there  are no
predictors  of
physiological  or
context-related
difficulties.
Preparations  should  be
made for  a  possible
FONA  (identification  of
the  CTM,  presence  of  a
trained  operator  and
adequate  material).

Recommendation

We  recommend  performing  gastric  ultrasound  to
evaluate  the likelihood  of  aspiration  in  high-risk
patients

Strong  recommendation;  low level  of evidence

(⊕⊕©−  ©−  )

Difficult  airway management:  basic options

Airway  management  is  associated  with  certain  risks.6,148,149

Most  techniques  involve  ablating  SB and protecting  against
aspiration.134,137 Laryngeal  injuries  are common  after  simple
airway  management,  in healthy  low-risk  patients,  and  after
scheduled  procedures.3,19,150,151 Therefore,  it is  important  to
perform  a  pre-intubation  risk-benefit  analysis  to  determine
the  suitability  of  airway  management  (EO  97.1%).  Once the
indication  has been  confirmed,  clinicians  must  decide  on  the
best  approach  to  achieve  the  basic  aims  of airway  mana-
gement:  maintaining  alveolar oxygenation,  ensuring  airway
patency,  and minimizing  the  risk  of aspiration.  Patient
preference  and  operator  skill should  be factored  into  this
decision.  Options  include 110:
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Ablation  of  SB  Usually
intravenous
induction  with
NMB.

Optimal  airway
management
conditions.

The  operator  must
maintain  gas  exchange
and airway  permeability
during  apnoea  and  until
the  airway  is secured.

When  there  are  no
predictors  of  difficulty  or
there  is suspicion  of
moderately  difficult
laryngoscopy  but  no
predictors  of  difficulty
for  other  techniques  and
no  predictors  of
physiologically  difficult
airway  or  contextual
difficult  airway.

Postponement  When  the benefit
of  postponement
outweighs  the  risk
of  airway
management.

In  an  anesthetic
procedure,
regional  or  local
anaesthesia  may
be an  alternative
to  GA,  and  a
fallback  airway
rescue  plan  must
be in  place  if  the
primary
anaesthetic
technique  fails.

Not  possible  in
emergency  procedure.

Physiologically  difficult
airway  (underlying
disease  requires
optimization)  or
contextual  issues.

Awake  airway  management  is  recommended  when TI
is  likely  to  be  highly  difficult  or  impossible,  or  there  are
composite  predictors  of difficulty,  physiological  alterations,
and  negative  contextual  issues  (EO  82.9%).

General  anaesthesia  with  preserved  SB  should  be  induced
whenever  awake  tracheal  intubation  is  advisable  but  gen-
eral  anaesthesia  is  unavoidable  due  to  lack  of  cooperation
or  urgency  and  there  are no  predictors  of physiological  or
context-related  difficulties  or  obstructive  airway  pathology
(EO  91.4%).

When  there  are  predictors  of  physiological  or  context-
related  difficulties,  postponement  can  be  considered  if  it
outweighs  the risk  of proceeding  with  airway  management,
or  alternative  anaesthesia  strategies  can be  considered  (EO
85.7%).

Preparation

Informed  consent

Informed  consent  is an essential  requirement  of  the lex
artis  ad  hoc.  It  is  usually  given  in  writing  for invasive
procedures  and,  in  general  any  procedure  that involves
risk, including  airway  management.  However,  procedures
such as TI  are  included  in other  procedures  such as  gen-
eral  anaesthesia  or  the informed  consent  for  critical  care
protocol,152,153 so specific  informed  consent  is  not required.
Nevertheless,  all  the  topics  discussed  and  the process of
obtaining  informed  consent  must  be  documented,  particu-
larly  in  the  case  of non-routine  procedures,  such  as  awake
airway  management.154

In cases  where  the need  for  informed  consent  is
waived,153 this  circumstance  must  be  clearly  justified  in  the
medical  history  and  the patient’s  family or  representative
must  be  notified  of the  decision.155 A short  discussion  is  often
possible.

Monitoring

Airway  management  procedures  must  be monitored  using
the  same  standards  as  those  used  in  anaesthesia.156,157

Capnography  waveform  must  be  available  wherever  air-
way  management  is  performed,  and  must  be  used  to
confirm  successful  ventilation  with  any  of the  4  airway
plans  used (EO  97.1%),158 to  promptly  detect  the  dis-
placement  of  an artificial airway,  and  to  identify  hyper
or  hypoventilation.1,6,9,159 Capnography  should  also  be used
during  awake  airway  management  under  moderate  or  deep
sedation.

Monitoring  end-tidal  oxygen concentration  (EtO2)  is
the  gold  standard  for  evaluating  the effectiveness  of
preoxygenation.160

If  a neuromuscular  blockade  has  been  administered,
depth  of  blockade  must  be  monitored  to  ensure optimal  con-
ditions  for  TI and to  determine  whether  a  reversal  agent  is
required.161,162

When  performing  inhalational  induction  of anaesthesia,
it  is  also  advisable  to  monitor  the  end-tidal  concentration  of
the  volatile  anesthetic  agents  administered.

In  hemodynamically  unstable  patients,  advanced  invasive
haemodynamic  monitoring  may  be necessary  to  achieve  pre-
procedure  goal-directed  optimization.111,163

Position

Ensuring  optimal  positioning  before any  intervention
optimises  the patient’s  anatomical  and  physiological
conditions,164 facilitates  laryngoscopy  and  TI,  and  improves
upper  airway  patency,  preoxygenation,  apnoeic  oxygena-
tion,  and mask  ventilation.165,166 It  also  improves  access
to  the airway  such as  the CTM,  and  improves  respiratory
mechanics.  In  obese  patients,  the ramp  position  or  a  30◦

head-up  tilt  is  recommended  to  improve  TI conditions  (1C).
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Ramping  prolongs  the safe apnoea  time  in this  population
(1B).

The  sitting  or  semi-sitting  (Fowler)  position  or  the head
elevated  25−30◦, or  the  30◦ reverse  Trendelenburg  posi-
tion  if  haemodymically  feasible,  is  advisable  in patients  at
high  risk  of  desaturation  or  aspiration,1,159,167,168 since  it
increases  FRC,  reduces  the formation  of  atelectasis,169,170

reduces  the  risk  of aspiration,159 and  could  be  associated
with  better  laryngeal  exposure,171 better  first-attempt  TI
success  rates,172 and  fewer  complications.173 The  sitting  or
semi-sitting  position  is  both  anatomically  and  physiologically
ideal  for  awake  tracheal  intubation.174,175

To  facilitate  TI,  the  external  auditory  canal  should  be
aligned  with  the  suprasternal  fourchette  in the  horizontal
axis.1,176 In the case  of  obese  patients,  this is  facilitated  by
ramping,  in which  the upper  part  of  the torso  and head  are
elevated  using  a  wedge  or  pillow.40,177 The  ‘‘sniffing’’  posi-
tion  (lower  cervical  flexion  and upper  cervical  extension)  is
optimal  for  DL.1,178,179 Both  positions  are  equally  suitable  for
TI,180,181 although  ramping  may  improve  laryngeal  exposure
in  the  surgical  population.181 Placing  the  head  in hyperex-
tension  could  be  the most  appropriate  position  for  awake
fibreoptic  intubation  (FOI),  as  it  improves  glottic  vision.182

Recommendation

In  obese  patients,  we  recommend  using  the ramp
position  or  a  30◦ head-up  tilt  to improve  tracheal  intu-
bation  conditions

Strong  recommendation;  low  level  of  evidence

(⊕⊕©−  ©− )
Ramping  prolongs  the  safe  apnoea  time  in this pop-

ulation  (1B).
Strong  recommendation;  moderate  level  of  evi-

dence  (⊕⊕⊕©−  )

Periprocedure oxygenation

Given  the  potential  difficulty  in managing  the  air-
way, periprocedural  oxygenation  should be  universally
implemented.183 This  increase  the pulmonary  reserve  of  oxy-
gen  primarily  through  FRC,  and  extend  apnoea  time  without
the  risk  desaturation.184,185 The  ideal  oxygenation  technique
will  depend  on  the  physiology,  level  of  cooperation,  and
clinical  status  of  the patient.184

Preoxygenation

Preoxygenation,  which  extends  the safe apnoea  time  (time
from  cessation  of breathing  or  ventilation  until  peripheral
arterial  oxygen  saturation  falls  to  90%),  is  a  standard  of
care186 and  should be  performed  in  all  patients,  particu-
larly  those  with  predictors  of  difficult  airway  management,
patients  at  high  risk  of  hypoxaemia,  or  when  manual  ven-
tilation  is  contraindicated.187 Preoxygenation  is  one  of  the
cornerstones  of  rapid  sequence  induction  (RSI).184

The  goal is  to  achieve  EtO2 >  90%  before  starting  anaes-
thesia  induction.184

Conventional  preoxygenation  consists  of  delivering  100%
oxygen  via  a  face mask  for  3 min of  tidal  volume  (Vt)  breath-
ing  or,  in the  case  of emergency  TI,  8  vital capacity  (8VC)
breaths  over 1 min.160,188 The  oxygen  flow  rate  must  be  suf-
ficient  to eliminate  rebreathing;  5  l/min  for 3−5 min  for  Vt
and  10  l/min  for  1  min  for  8CV.188 Leakage  from  the face
mask  and rebreathing  of  exhaled  gases  reduces  effective-
ness  because  it does  not  allow  an FiO2 of 1.0  to  be  achieved.
A normal  capnography  waveform  (grade 1 ventilation),  clear
measurement  of  inspiratory  CO2 and  EtCO2 values,  and nor-
mal  reservoir  bag  movement  are  indicative  of  a good  seal.184

If a leak  is  confirmed,  a nasal  cannula  with  a  flow  exceeding
10  L/min  should  be added.189,190

Apnoeic  oxygenation

Nasal  Oxygen  During  Eforts  Securing  a Tube  (NO  DESAT),  pha-
ryngeal  insufflation  of  oxygen,  and high-flow  nasal  oxygen
(HFNO)  therapy  at 40---70 l/m186 can prolong  apnoea  time
up to  100  min,  but  do not prevent  progressive  respiratory
acidosis  due  to  hypercapnia.160,186,191,192 Standard  nasal  can-
nulas  at  10−15  l/min  are a  well-tolerated,  low-cost,  low-risk
method  of  apnoeic  oxygenation.193

Apnoeic  oxygenation  has  been  shown  to  be  useful  in  redu-
cing  desaturation  in  emergency  TI.160,194---198

Apnoeic  oxygenation  should  be  performed  with  high-flow
nasal  cannulas  (NO  DESAT/HFNO)  (1C).

Recommendation

We  recommend  performing  apnoeic  oxygenation
with  high-flow  nasal  cannulas  (NO  DESAT/HFNO)

Strong  recommendation;  low level  of evidence

(⊕⊕©−  ©−  )

Techniques  for patients  at high  risk or  with  poor
tolerance  of  hypoxaemia

The  effectiveness  of  conventional  techniques  is  limited  in
patients  at high  risk  of  hypoxaemia  (due  to  shunt,  V/Q
mismatch,  low  FRC,  or  increased  oxygen consumption)  and
with  low tolerance  of hypoxaemia  (e.g.  cerebrovascular
disease,  epilepsy,  or  coronary  artery  disease).199 Trying
to  compensate  for  this  by increasing  the  preoxygenation
time  can  even  worsen  hypoxaemia,  probably  due  to  resorp-
tion  atelectasis.200 RSI  is  associated  with  desaturations  in
10%---30%  of cases.  Clinicians  should  ask  themselves  the
following  questions  before  starting  preoxygenation201:  Are
there  likely  to  be difficulties  with  ventilation  and/or  TI?  How
quickly  will the patient  desaturate?  What  is  the  minimum
safe oxygen  desaturation  level?  Fig.  8 show the main  risk
factors  for  desaturation  and  the periprocedure  oxygenation
techniques  recommended  in high-risk  patients.
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Figure  8  Theoretical/Educational  Tool  for  detecting  patients  at  high  risk  of  desaturation  and  recommended  preoxygenation
and apnoeic  oxygenation  techniques  during  rapid  sequence  induction.  A: anaesthesia  induction;  ARF:  acute  respiratory  failure;  B:
laryngoscopy; C:  tracheal  intubation;  CO:  cardiac  output;  COPD:  chronic  obstructive  pulmonary  disease;  FRC:  functional  residual
capacity; HFNO:  high  flow  nasal oxygen  therapy;  NIV:  non-invasive  ventilation;  RSI:  rapid  sequence  induction;  VO2:  oxygen  con-
sumption; V̇/Q̇ mismatch:  ventilation/perfusion  mismatch.  The  diagram  shows  the two methods  used  to  increase  pulmonary  oxygen
stores: preoxygenation  and  apnoeic  oxygenation.  Preoxygenation  refers  to  oxygen  delivery  before  anaesthesia  induction,  while
apnoeic oxygenation  refers  to  oxygen  delivery  after  ablation  of  spontaneous  ventilation.
Adapted from  Gómez-Ríos  MA,  Úbeda-Iglesias  A,  Esquinas  AM. Anesthesiology  Pre-intubation  and  upper  airways  procedure.  Res-
piratory care  in  non  invasive  mechanical  ventilatory  support.  principles  and  practice.  Esquinas  AM,  AlAhmari  MD.  Nova  Science
Publishers. New York.  2021.
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The  greater  the  risk  of desaturation,  the greater  the
number  of combined  techniques  required.202 The  use
of  pre-apnoea  aids,  such as  upright  head  position,  jaw
thrust,  PEEP,  and apnoeic  oxygenation  will  optimise  the
O2 safety  reserve.160,167 HFNO, NIV,  or  a combination  of
both  are  more  effective  than  conventional  methods203

as  they  reduce  shunt  and improve  the  V/Q  mismatch
by  alveolar  recruitment.  HFNO  should  be  considered
the  first-line  preoxygenation  technique  for  patients  with
mild  hypoxaemia  (PaO2/FiO2 > 200  mmHg)  (1C).  NIV  is  the
technique  of choice  in those  with  severe  hypoxaemia
(PaO2/FiO2 ≤  200 mmHg)  (EO  87.15%)204---209 as  it  generates
greater  PEEP  and  allows  pressure  support  to  be  applied  to
increase  FRC.210,211

High  flow  nasal  oxygen  (HFNO)  therapy
Preoxygenation  with  HFNO  has  given  inconclusive
results.212---214 A recent meta-analysis  showed  that  in
adults  with  hypoxaemia,  HFNO  reduced  the  risk  of  TI-
related  complications  compared  with  conventional  oxygen
therapy.215 This  suggests  that HFNO  is  superior  to  conven-
tional  methods,216---220 but  inferior  to  NIV,215,221 although  it  is
a  good  alternative  when  the latter  is  not well  tolerated.168

For  preoxygenation,  patients  should  perform  tidal  vol-
ume  breaths  through  their  nose  with  their  mouth  closed
tightly  for  3  min  while  receiving  an initial  O2 of  30  l/min  and
FiO2 100%. The  cannula must  be  well  adjusted  to  the nos-
trils  to  avoid contamination.  After  induction,  the flow  should
be increased  to  70  l/min  and  maintained  until  TI.  Airway
patency  should  be  maintained  by  jaw  thrust.160,189

HFNO  provides  effective  apnoeic  oxygenation  during
laryngoscopy,  and  is  probably  the main mechanism  for  redu-
cing  desaturation.194,222,223

HFNO  obstructs  EtO2 monitoring,192 can  worsen  TI
conditions,224 and  potentially  causes  gastric  insufflation.225

Recent  studies  have shown  that  the  latter  is  unlikely,226,227

although  it  is  uncertain  whether  these  data  can  be  extrapo-
lated  to  patients  with  a  full  stomach.225

Recommendation

We  recommend  HFNO  as  first-line  preoxygenation
technique  for  patients  with  mild  hypoxaemia.

Strong  recommendation;  low  level  of  evidence

(⊕⊕©−  ©− )

Non-invasive  ventilation  (NIV)
NIV  is  particularly  beneficial  in patients  with  low FRC,212,228

and  it  maximizes  preoxygenation  in obese and/or  critically
ill  patients.160,186,202 The  beneficial  effect  on  PaO2 persists
30  min  after  TI due  to  alveolar  recruitment  and increased
lung  volume.229 NIV  should be  prioritised  over  conventional
oxygen  therapy  for anaesthesia  induction  in obese patients
(1B).

Studies  have  shown  that CPAP  (5---10  cmH2O)  with  ventila-
tion  assistance  (Vt  7---10 ml/kg)  provides  better  oxygenation
in  clinical  practice.230 NIV  must  be  interrupted  during  laryn-

goscopy 228; therefore,  it may  be  superior  to  HFNO  during
the  spontaneous  breathing  phase,207 and  HFNO  may  be  more
beneficial  during  apnoeic  oxygenation.204,205,210 Preoxygena-
tion  with  NIV  plus  HFNO  and apnoeic  oxygenation  with  HFNO,
which  significantly  reduces  the risk  of desaturation,  should
be  a priority in  critically  ill patients  (EO  85.7%).214,231,232

Analgosedation  with  dexmedetomidine  or  ketamine-
induced  disassociation  (10−20 mg IV  boluses)  may  be
considered  in  order  to  facilitate  preoxygenation  (delayed
sequence  intubation)  in patients  with  delirium  or  interface
intolerance.111,168,211,233

NIV  should  be considered  both  before and  after general
anaesthesia  (GA)  in obese  patients.199,234

Pressures  >20  cmH2O  can  cause  gastric  distention,  so
this  risk  must  be weighed  against  the potential  benefits
in patients  at  risk  of  aspiration.  A different  preoxygena-
tion  method  is  advisable  in patients  with  facial  fractures,  in
those  that have  undergone  laryngeal,  oesophageal  or  gas-
tric  surgery,  and  in those  with  haemodynamic  instability,
pulmonary  arterial  hypertension,  pulmonary  embolism,  or
right  ventricular  failure.209

Recommendation

We  recommend  NIV  over  conventional  oxygen  ther-
apy  for  anaesthesia  induction  in obese  patients.

Strong  recommendation;  moderate  level  of  evi-

dence  (⊕⊕⊕©− )

Physiologically difficult  airway

The  considerations  in this section  refer  to patients  with
previously  defined  physiologically  difficult  airway  (PDA)
or  critically  ill  patients.235 Urgent  TI  is  a  high-risk
procedure.1,131,167,235---237 It increases  the likelihood  of DA
20-fold  compared  to  scheduled  TI,238 and  the  likelihood  of
adverse  events  causing death  or  brain  damage  by  approx-
imately  30- to  60-fold.10,239 Underlying  pathophysiological
disorders,  such  as  hypoxaemia  and haemodynamic  insta-
bility,  are responsible  for  peri-intubation  decompensations
due  to  myocardial  depression  secondary  to  hypoxia  or  low
perfusion241---243 leading  to  cardiovascular  collapse  in up  to
30%  of  critically  ill  patients.240,241 This  means  that  up  to
50%  of  critically  ill  patients  may  suffer  an intubation-related
major  adverse  event.243 This  risk  is  exacerbated  when  more
than  1 TI attempt  is  required.111,243,244 Difficult  TI  is  an  inde-
pendent  predictor  of  death.  The  incidence  of complications
increases  5-fold  after  a  second  TI attempt,245,246 so achieving
TI on  the first attempt  is  particularly  important  in critically
ill  patients.58,111,243,247,248

Peri-intubation  desaturation  is  the  greatest  risk  factor  for
cardiorespiratory  arrest.  It  occurs  in 19%---70%  of  critically  ill
patients,168 and  is  the main  reason  to  achieve  intubation
on  the first  attempt.168 Desaturation  is  mainly  pre-
vented  by  preoxygenation  and  apnoeic  oxygenation,248,249

so this  should  be performed  on  all  patients  in  an  upright
position.168,235
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Haemodynamic  instability  is  an independent  predic-
tor  of  mortality  after  TI.235,250,251 Up  to  46%  of  patients
with  a  PDA  present  peri-intubation  hypotension,168,252,253

which  leads  to  longer  ICU  stays,  target  organ  damage,
and  higher  in-hospital  mortality.241,252,254 Pre-intubation
risk  factors  include  MAP  ≤  65  mm Hg and  a  shock  index
(SI,  heart  rate/systolic  blood  pressure)  >0.7.168,235 In  crit-
ically ill  patients,  the risk  of  cardiovascular  collapse
during  TI  is  increased  due  to  hypovolaemia,  altered  sys-
temic  vascular  resistance,  anaesthesia-induced  vasodilation
and  myocardial  depression,  hypoxia  and/or  hypercapnia-
induced  sympathetic  stimulation,  and  reduced  venous
return  due to conversion  to  positive  pressure  ventilation
(PPV).167,240,242,255

Physiological  factors are,  therefore,  as dangerous  as
technical  difficulties,  and they  must  be  factored  in to
the  airway  approach  and  optimised  before  TI whenever
feasible.1,256 There  is  scant  evidence  in the  literature  on
pre-intubation  physiology  optimisation  strategies,167,236,243

so  it  is  prudent  to  tailor  the interventions  to  the needs
of  each  patient.236 If time  permits,  a point-of-care  ultra-
sound  examination  may  help  identify  a particular  patient’s
needs.257 Table  1  shows the  main  predictors  of  PDA
and  the  methods  proposed  to  reduce  peri-intubation
complications.1,111,131,159,167,168,236,248,258

Pre-intubation  administration  of fluid  boluses  has  mini-
mal  benefit.240,259 In patients  without  cardiogenic  pulmonary
oedema,  however,  administration  of  500  ml  of isotonic
crystalloids  as  part of a  TI  care  bundle  that  included  preoxy-
genation  with NIV and  early  start  of  noradrenaline  if diastolic
blood  pressure  falls  to  <35  mmHg  after  TI has  been  associ-
ated  with  a  50%  relative  reduction  in cardiovascular  collapse
and  severe  hypoxaemia,260 suggesting  that  this  approach
could  prevent  peri-intubation  hypotension.  However,  rou-
tine  preinduction  administration  of a  crystalloid  bolus  in
patients not receiving  PPV  may  not  be  justified, as  it has only
shown benefit  in  a  subgroup  of  patients  who  received  NIV  for
preoxygenation  or  mask  ventilation  between  induction  and
laryngoscopy,  and  could  be  harmful  in  patients  that  do not
respond  to  fluids.240 The  implementation  of  a  TI protocol
could  reduce  these complications.260---262

Although  its  effectiveness  in avoiding  peri-intubation
hypotension  has  not  yet  been  proven,248,255 some  authors
suggest  that  preventive  administration  or  early  start  of  vaso-
pressors  could  be  beneficial,211 and  that  an expert  operator
should  be  placed  in charge of  TI while  another  member  of
the  team  oversees  leads  the  management  of  the patient’s
haemodynamic  status.1,168,243 Norepinephrine  infusion  is
the  first-line  vasoactive  therapy.168,235 Initial  administration
through  peripheral  venous  cannulas  is  safe,263,264 indicating
that  the  initiation  of  vasopressors  does  not  require  central
venous  access.235

Rapid  sequence  induction

TI is the  gold  standard  for securing  the  airway,  and RSI  is
the  recommended  technique  when there  is a  considerable
risk  of  aspiration  in an airway  without  predictors  of  dif-
ficulty  (EO  97.1%).265,266 The  aim  of  RSI,  which requires
gastric  decompression,  prior  preparation,  adequate  posi-
tioning,  peri-intubation  oxygenation,  anaesthesia  induction

and  cricoid  pressure  in selected  cases,223,267---269 is to:  (1)
shorten  the time  from  loss  of protective  reflexes  to  tra-
cheal  sealing  with  ETT  cuff  inflation;  (2)  optimise  conditions
for  successful  TI on  the first  attempt  by  ensuring  ade-
quate  depth  of  anaesthesia  and  NMB  to  avoid  coughing,
vomiting,  or  increased  intra-abdominal  pressure 265; and
(3)  minimize  RSI-related  risks,  mainly  hypoxia,  hypotension
and  difficult  TI.  RSI  must  be clearly  indicated,22,268 given
the  scant  evidence  to support  its  use266,268,270---273 and  the
potential  harm  it  can  cause.266,274,275 The  key  is  to  iden-
tify  patients  at risk  of  aspiration  (Fig.  7). In case  of  doubt,
or  if a  gastric  ultrasound  is  not  feasible,  it is  advisable  to
assume  the highest  risk.268 RSI,  with  or  without  the Sell-
ick  manoeuvre,  is  also  recommended  in all emergency  TIs
(EO  84.4%),  given  the likelihood  of  poor  gastric  empty-
ing  and  the high  risk  of  aspiration  in  the frail,  critically  ill
patients.223,268,276

An  RSI  checklist  should  be  used to  improve  patient  safety
(EO  97.1%). Using  a checklist  (Fig.  4)  can  reduce  the  risk
of  complications71,277---279 by  minimizing  the cognitive  load
and  the risk  of  human  errors,  and  can improve  safety  by
standardising  the technique.223,235,266,280

Patients  with  high  risk  of  aspiration  should  be  premedi-
cated  with  a nonparticulate  antacid  (e.g.,  sodium  citrate)
immediately  before  induction  or  an H2 receptor  antagonist
or  a proton  pump  inhibitor  40−60  min  before  induction  to
increase  pH and  reduce  the volume  of  gastric  contents  (EO
82.9%).265,281

Use  of a nasogastric  tube  should  be individualized  (EO
88.6%)  as  there  is  no  solid scientific  basis  for routine
application.265,282 It is  usually  used  inserted  if the  resid-
ual  gastric  volume  is  expected  to  exceed  200−300 ml based
on  ultrasound  assessment  or  clinical  estimation.265,268 Pre-
operative  gastric  emptying  with  a Salem  double-lumen
tube  is  mandatory  in patients  with  ileus or  intestinal
obstruction.265,283,284 Gastric  emptying  should  start as  soon
as  possible  on the  surgical  ward  and  continued  during
the  pre-induction  and  post-extubation  periods.267,284 The
tube  should be left in place  for  continuous  suction  during
RSI.265,284,285

Preparation  for  RSI  includes  evaluating  potential  anatom-
ical,  physiological,  or  contextual  challenges,  developing  a
primary  and  rescue  plan  with  clear  instructions,  and  assem-
bling  the  personnel,  equipment,  and medication  necessary
to  perform  emergency  TI.223,266,286 High-efficiency,  large-
calibre,  multi-hole  suction  instruments,  such  as  a  Yankauer
or  DuCanto  catheter,  must  be  readily  available  to  treat  pos-
sible  regurgitation  (EO  100%).223,287

A  20---30◦ head-up  position  is  recommended  (sitting  or
semi-sitting  position  or  reverse  Trendelenburg)  to  prevent
passive  regurgitation.  Should  this  occur,  the  patient  should
be  placed  in the Trendelenburg  position  with  the head
turned  to  one  side  to  aspirate fluid  from  the  pharynx  and
trachea  before  starting  PPV  (EO  94.3%).267,288

Optimal  preoxygenation,  apnoeic  oxygenation,  and  indi-
vidualized  haemodynamic  optimization  are mandatory
before  anaesthesia  induction.223,286 The  type  of hypnotic
agent  used  during  induction  has  been  identified  as  the  sole
independent  factor  associated  with  cardiovascular  insta-
bility  and/or  collapse,289 and  must  therefore  be chosen
carefully.255 The  agent,  dose,  and  rate  of  administration
must  be  individualized  (EO  91.4%) to  the patient’s  comor-
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Table  1  Main  predictors  of  physiologically  difficult  airway  and  methods  to  reduce  the  corresponding  peri-intubation
complications.

Hypoxaemia  Mild

•  Mask  ventilation  between  induction  and  laryngoscopy  (if  risk  low  of
aspiration)  +  apnoeic  oxygenation

Moderate

• Preoxygenation  with  NIV,  first  choice  (alveolar  recruitment  →  ↓V̇/Q̇
mismatch,  ↓PVR,  ↑FRC;  ↓  LV  afterload)  or  HFNO  as  an  alternative  + apnoeic
oxygenation.

Severe (refractory  hypoxaemia  due  to  very  low  FRC  and  significant  shunt)
• Inhaled  pulmonary  vasodilators  before  TI  may  be considered  in patients  to  ↓

V̇/Q̇ mismatch.
•  Awake  intubation

Hypotension  ‘‘Fluid  responders’’

•  Peri-intubation  fluid  therapy  (↑VR→  ↑CO >  15%)  ±  vasopressors
‘‘Fluid  non-responders’’,  vasoplegia  or  high  SI

• Early  or  preventive  use  of  inotropic  vasopressors,  particularly  if
preinduction  SBP  <  100.  Infusions  through  PVA  are  a  reasonable,  low-risk,
short-term  alternative.

•  Peri-intubation  norepinephrine  in CI (first  choice).
Vasopressors  in CI not  available  or  transient  hypotension:  vasopressors  in bolus
through  PVA:
•  adrenaline  (boluses  5---20  �g;  concentration  from  1 to  10  �g/mL)  first  choice

in depressed  myocardial  function  due  to  inotropic  effect.
• phenylephrine  (boluses  of  50−200  �g; concentration  of 100  �g/mL)
• ephedrine  (boluses  of  5−10  mg;  50  mg/10  ml  concentration)  Dose-adjusted

non-sympatholytic  anaesthetics  with  a  favourable  haemodynamic  effect
(etomidate,  ketamine).  Smooth  transition  to  MV  with  low  VT,  PEEP  and  MP
(↑ITP→↓VR)

Severe metabolic
acidosis

Hypoventilation/apnoea:  loss  of respiratory  compensation  →↓↓↓pH→

haemodynamic  deterioration.
Avoid  TI.  If unavoidable:
•  Correct  acidosis  as far  as  possible.  Routine  administration  of  sodium

bicarbonate  to  severely  acidotic  patients  requiring  TI is not  recommended,
as there  is no  evidence  that  it  prevents  adverse  outcomes.

• Test  NIV  while  correcting  underlying  metabolic  disorders  and calculating  Vm
for ventilator  settings

•  Awake  tracheal  intubation  if  Vm  requirements  are  high
• Gradual  sedation  to  maintain  respiratory  drive,  especially  in patients  with

high Vm.
•  After  TI: Spontaneous  PS  ventilation  and  good  synchrony  adjusting  with

previous MV.

Severe pulmonary
hypertension

↑  hypoxaemia  or  ↑  hypercapnia  →  ↑ pulmonary  vasoconstriction,  ↑PVR  and
↑RV afterload  (the  same  as  PPV).
•  Assess  responsive  to  volume.  Peri-intubation  fluid  therapy  in ‘‘responders’’.
• Consider  administration  of  inhaled  pulmonary  vasodilators  to  reduce  RV

afterload.
• Vasopressors  available  and prepared.  A higher  MAP  is recommended  to

ensure  adequate  coronary  perfusion  pressure.
• Adequate  preoxygenation  to  avoid  hypoxaemia  and  hypercapnia.
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Table  1  (Continued)

Right  ventricular
failure

•  Avoid  factors  that  increase  RV  afterload:  hypoxaemia,  hypercapnia,
atelectasis,  ↑ laryngoscopy-related  high  PAP.

• Assess  RV  systolic  function:  transthoracic  echocardiography.  If contractile
reserve:  cautious  fluid  therapy  (250  ml)  in volume  ‘‘responders’’.

• If  RV  volume  overload:  aggressive  diuresis  to  improve  RV  haemodynamics
• Non-responders:  pulmonary  vasodilators  to  reduce  RV  afterload  (inhaled

nitric  oxide  and  epoprostenol)
•  Preoxygenation  +  apnoeic  oxygenation  ± vasopressor  support  if  hypotension

for a MAP  > PAPm  (CI  norepinephrine)
• Dose-adjusted  non-sympatholytic  anaesthetics  with  a  favourable

haemodynamic  effect  (etomidate,  ketamine).
• Desaturation  dramatically  increases  PVR,  even  more  so with  subsequent

aggressive mask ventilation
• Severe  dysfunction:  Awake  tracheal  intubation:
• Smooth  transition  to  MV  with  low  VT,  PEEP  and  MP  (↑ITP→↓VR).  Sufficient

PEEP  to  avoid  atelectasis.
• Cardiogenic  shock:  consider  ECMO  cannulation  before  intubating.

Full stomach  • Gastric  decompression
•  Pharmacological  prophylaxis
Low risk

•  RSI  with  cricoid  pressure,  inverted  Trendelenburg  position  and  immediate
suction  available

High  risk

•  Awake  tracheal  intubation  with  complete  topical  anaesthesia  to  prevent
activation  of the gag  reflex;  avoid  deep  sedation.

CI: continuous infusion; CO: cardiac output; ECMO: extracorporeal membrane oxygenation; FRC: functional residual capacity; HFNO:
high flow nasal oxygen therapy; ITP: intrathoracic pressure; LV: left ventricle; MAP: mean arterial pressure; MP: mean pressure; MV:
mechanical ventilation; NIV: non-invasive ventilation; PAP: pulmonary arterial pressure; PAPm: mean pulmonary arterial pressure; PEEP:
positive end-expiratory pressure; PL: peripheral line; PPV: positive pressure ventilation; PS: pressure support; PVA: peripheral venous
access; PVR: pulmonary vascular resistance; RV: right ventricle; SBP: systolic blood pressure; SI: shock index; TI: tracheal intubation;
Vm: minute volume; Vt: tidal volume; VR: venous return; V̇/Q̇ mismatch: ventilation/perfusion mismatch.

bidities  and  haemodynamic  status,  and  urgency  needed
in  securing  the airway.223,266 Propofol  (2−3 mg/kg)  pro-
vides  the  best TI conditions,  and  is  therefore  first  choice
in  haemodynamically  stable  euvolemic  patients.265,274,276

In  unstable  patients,  however,  it can  increase  haemody-
namic  complications  and the risk  of a  fatal outcome.243

It has  also  been  identified  as  an  independent  risk  factor
for  peri-intubation  haemodynamic  collapse,289 suggesting
that it  should  be  avoided  in critically  ill patients  at  risk
of  haemodynamic  instability,255 in which  case  etomidate
(0.2−0.3  mg/kg)  and  ketamine  (1−2  mg/kg  iv)  can be  used
instead.275,286 Ketamine,  which  induces  mild  myocardial
depression,  may  cause  haemodynamic  collapse  in patients
with  depleted  sympathetic  reserve  (e.g.,  severe  hypo-
volaemic  shock),290 and  should  therefore  be  avoided  in
patients  with  acute  myocardial  ischaemia.223,291 Etomidate
may  be  associated  with  a  lower  risk  of  postinduction
hypotension  compared  to  ketamine.290 In  agitated  and  non-
cooperative  patients,  delayed  sequence  induction,  which
consists  of  ketamine  in 0.25−0.5  mg/kg  boluses  to  achieve
a  dissociative  state,  followed  by  preoxygenation  and  subse-
quent  administration  of a neuromuscular  relaxant,  may  be
considered.233,292---294

Although  RSI  has  not  hitherto  included  opioids,  the
use  of  alfentanil  (15−40  �g/kg),  remifentanil  (1 �g/kg),

and  fentanyl  (2−5  �g/kg)  is  now  common  practice,  since
they  reduce  the  dose of  hypnotic  agent  required,  promote
haemodynamic  stability  by  attenuating  the  cardiovascu-
lar  response  to laryngoscopy,  and improve  intubation
conditions265,271,283,285 without  causing  excessive  hypoten-
sion  and  bradycardia.275,283,295

The  administration  of  a neuromuscular  blocking  agent  is
the  cornerstone  of RSI,286 as  it improves  TI conditions,  sup-
presses  coughing  and  laryngospasm,  reduces  complications,
and  optimizes  chest  wall  compliance.296,297 Neuromuscular
blockade  should be performed  to  improve  TI conditions  and
reduce  the incidence  of  intubation-related  adverse  events
in  the general  population  (1B).

Rocuronium  1.0---1.2 mg/kg  is comparable  to  succinyl-
choline  1.0---1.5  mg/kg  in RSI,269,298---300 has  a safer  clinical
profile,  provides  longer  blockade,266 and, using  sugam-
madex  (16  mg/kg),  can be  reversed  more  quickly  than
succinylcholine 301;  the rescue  dose  must  be  precalculated
and  immediately  available  for  emergency  reversal.266,302

Succinylcholine  can cause  malignant  hyperthermia,  hyper-
kalaemia,  and  the muscle  fasciculations  caused  increase
intragastric  pressure  and shorten  apnoea  time.303,304 Over-
all,  rocuronium  is  a  better  choice.235,303---305 The  combination
rocuronium  + sugammadex  is  not  inferior  to  succinylcholine
in RSI  (1B).  Priming  or  precurarization  are not  recommended
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due  to  their  questionable  effectiveness  and  safety,  given  the
risk  of  loss  of protective  reflexes.265,306

The  use  of  the cricoid  pressure  is  controversial.265,268,295

It  has  not  been  shown  to  prevent  aspiration,307---309 it is
biomechanically  impossible  to  maintain  the  recommended
pressure,310 and it  decreases  lower  oesophageal  sphincter
tone.311 It can also  contribute  to  airway  obstruction,270

hamper  laryngoscopy,  TI,309 mask  ventilation312 and inser-
tion,  ventilation,  and  TI through  an SGA,313 obstruct  the
glottic  view  on  FOI,314 and prolong  TI  time.309,315 For all
these  reasons,  the  routine  use  of  cricoid  pressure  can-
not  be  recommended  (EO  81.3%) 223,260,286,316,317;  it  must
be  planned  individually  and  applied  when  mask  ventilation
will be  needed  during  apnoea,286 since  it prevents  gastric
insufflation.318 When  indicated,  cricoid  pressure  must  be:
(1)  performed  correctly:  1 kg (10  N) of  pressure  until  loss  of
consciousness,  followed  by  3  kg  (30  N)  until  the ETT  cuff has
been  inflated 265,317;  and  (2)  released  if it  hampers  laryn-
goscopy,  TI, or  ventilation,  before inserting  a  SGA,  and  in
case  of  vomiting.

Apnoeic  oxygenation  is associated  with  a lower  inci-
dence  of  desaturation  and a  higher  first-attempt  TI  success
rate.196,319---321 A ‘‘modified  RSI’’,  after weighing  up  the  indi-
vidual  risks  vs.  benefits,  can be  used in patients  at  high
risk  of  hypoxia  who  are not candidates  for  awake  tracheal
intubation  (EO  85.7%).322 This  consists  of two-handed  mask
ventilation  or  mechanical  ventilation  with  low  inspiratory

pressure  (<15  cmH2O  with  no  cricoid  pressure  or <20  cmH2O
with  cricoid  pressure).132,159,223,266,268,318,323,324 This  practice,
excluding  high-risk  aspiration  patients,  has been  associated
with  a significantly  lower  incidence  of desaturation  without
increasing  the  risk  of  aspiration.325,326

For  TI,  clinicians  should  choose  the  type of  laryngoscope
and  blade  that  will  maximise  the  likelihood  of  first-attempt
success.  There  is  no evidence  to  support  any  particular
device;  the  choice  will  depend  on  the  patient’s  clinical  sta-
tus  and operator  preference. 266 VL  with  a stylet  could be
the  best  option.211,327---330

Recommendation

We  recommend  performing  neuromuscular  blockade
to  improve  TI  conditions  and  reduce  the incidence  of
intubation-related  adverse  events  in the general  popu-
lation.

Strong  recommendation;  moderate  level  of  evi-

dence  (⊕⊕⊕©− )
The combination  rocuronium  +  sugammadex  is  not

inferior  to  succinylcholine  in RSI
Strong  recommendation;  moderate  level  of  evi-

dence  (⊕⊕⊕©− )
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Summary  of  recommendations  derived  from  the  systematic  literature  search

Search  strategies  and  GRADE  tables  are shown  in Appendix.  Supplementary  data.

No.  Recommendation  Level  of  evidence  Grade  of  Recommendation

Pre-procedural  assessment  and  planning

1. The  diagnosis  of  SAHS  is  a  predictor  of  difficult  mask  ventilation.  Low  Strong
2. The  diagnosis  of  SAHS  is  a  predictor  of difficult  tracheal  intubation  Moderate  Strong
3. Gastric  ultrasound  is recommended  to  evaluate  the  likelihood  of

aspiration  in high-risk  patients
Low  Strong

Preparation

4. The  capnography  waveform  is the  gold  standard  for  confirming
alveolar  ventilation.

Moderate  Strong

5. In  obese  patients,  the  ramp  position  or  a  30◦ head-up  tilt  is
recommended  to  improve  tracheal  intubation  conditions

Low  Strong

6. Ramping  prolongs  the  safe  apnoea  time  in  obese  population  Moderate  Strong
Periprocedure  oxygenation

7.  HFNO  should  be  considered  the  first-line  preoxygenation
technique  for  patients  with  mild  hypoxaemia

Low  Strong

8. NIV  should  be  prioritised  over  conventional  oxygen  therapy  for
anaesthesia  induction  in obese  patients.

Moderate  Strong

9. Apnoeic  oxygenation  should  be  performed  with  high-flow  nasal
cannulas  (NO  DESAT/HFNO)

Low  Strong

Rapid sequence  induction

10.  Neuromuscular  blockade  should  be  performed  to  improve  TI
conditions  and  reduce  the  incidence  of  intubation-related
adverse  events  in the  general  population

Moderate  Strong

11. The  combination  rocuronium  +  sugammadex  is  not  inferior  to
succinylcholine  in  RSI

Moderate  Strong

Unanticipated  difficult  airway

Tracheal  intubation

12.  The  routine  use  of  VL  is recommended  over  DL  as  the first-choice
TI device.

Moderate  Strong

13. A  dynamic  or  flexible  introducer  (flex-tip  or  fibreoptic
bronchoscope)  is recommended  instead  of  a  conventional  stylet
for  TI  in  patients  with  difficult  airway.

Low  Strong

14. The  use  of  the  Parker  Flex  ETT is recommended  over  conventional
ETTs for  FOI  in  the general  population.

Moderate  Strong

15. The  Parker  Flex  ETT  is suggested  instead  of conventional  ETTs  for
FOI and  laryngoscopy  to  reduce  the risk  of  complications  in the
general population.

Low  Strong

Mask ventilation

16.  Mask  ventilation  with  a  modified  triple  airway  manoeuvre  is
recommended  over  the CE  technique  in  the  general  population.

Low  Strong

Front of  neck  access

17.  The  use  of  ultrasound  is recommended  over palpation  to  identify
the cricothyroid  membrane.

Low  Strong

Monitoring  ETT cuff  pressure

18.  A  manometer  should  be  used  for  continuous  monitoring  of  ETT
cuff  pressure.

Low  Strong

Extubation

19. Prophylactic  administration  of  corticosteroids  is  recommended
before  extubation  in patients  at  high  risk  of  airway  obstruction.

Moderate  Strong

AW:  airway;  DL: direct  laryngoscopy;  ETT:  endotracheal  tube; FOB:  fiberoptic  bronchoscopy;  HFNO:  high  flow  nasal  oxygen
therapy;  NIV: non-invasive  ventilation;  NOT  DESETT:  Nasal  oxygen  therapy  during  efforts  to  secure  an ETT;  RSI:  Rapid
sequence  induction;  SAHS:  Sleep  apnoea-hypopnoea  syndrome;  TI:  tracheal  intubation;  VL:  videolaryngoscopy.
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Expert  statement  derived  from  the  results  of the  Delphi questionnaire

No.  Statement  %  in favour  [for;
neutral;  against]

Human  factors

1.  No more  than  3  attempts  should  be made  in  each
non-invasive  airway  management  plan

88.6  [88.6;  2; 2]

2. The  first  attempt  must  be  made  under  optimal  conditions  100  [88.6;  0;  0]
3. The  most  appropriate  first-line  technique  should  be  the  one

that gives  the  greatest  likelihood  of achieving  success  on
the first  attempt.

94.  3[88.6;  1; 1]

4. Clinicians  should  use  visual  cognitive  aids  to  deal  with
emergencies

97.1  [88.6;  0; 0]

5. A standardized  difficult  airway  trolley  should  be placed
near  any  room  where  airway  management  is performed

100  [88.6;  0;  0]

6. Checklists  should  be  used  to  reduce  human  error,  speed  up
tasks, and  promote  an  airway  management  safety  culture

100  [88.6;  0;  0]

7. Systems  that  promote  ergonomics  and  communication
models  should  be  implemented

91.4  [88.6;  0; 0]

Pre-procedural  assessment  and  planning

8. A pre-procedure  evaluation  should  be performed  in  all
patients who  require  airway  management

100  [88.6;  0;  0]

9. Pre-procedural  airway  assessment  should  be multifactorial,
structured,  and  aimed  at detecting  anatomical,
physiological,  and  contextual  difficult  airway

97.1  [88.6;  0; 0]

10. The  airway  assessment  can  begin  by  detecting  predictors  of
difficulty or  failure  for  the primary  plan  and  subsequently
for the three  alternative  plans

97.1  [88.6;  0; 0]

11. Multivariate  models  could  have  greater  predictive  capacity  97.1  [88.6;  0; 0]
12. Decision-making  must  be  individualized  to  the  patient,

operator,  context,  and  time  of  day
97.1  [88.6;  0; 0]

13. Intake  of  food  and  liquids  should  be  restricted  according  to
preoperative  fasting  guidelines

97.1  [88.6;  0; 0]

14. A full stomach  is  an indication  for  TI  to  protect  the  airway  88.6  [88.6;  2; 2]
Preparation

15. Waveform  capnography  must  be available  at all  locations
where  airway  management  is performed  to  confirm
successful  ventilation  with  any  of  the  4 plans  used

97.1  [88.6;  0; 0]

Difficult airway  management:  basic  options

16.  A pre-intubation  risk-benefit  analysis  must  be  performed  to
determine  the  suitability  of  the  airway  management
technique

97.1  [88.6;  0; 0]

17. Awake  airway  management  is recommended  when  TI  is
likely to  be  highly  difficult  or impossible,  or  when  there  are
composite  predictors  of difficulty,  physiological  alterations,
and negative  contextual  issues

82.9  [88.6;  1; 0]

18. General  anaesthesia  with  preserved  spontaneous  breathing
should be  induced  whenever  awake  tracheal  intubation  is
advisable  but  general  anaesthesia  is  unavoidable  due  to
lack  of  cooperation  or  the  urgency  of  the  situation,  and
when there  are  no  predictors  of  physiological  or
context-related  difficulties  or  obstructive  airway  pathology

91.4  [88.6;  1; 0]
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19.  In  patients  with  predictors  of  physiological  or  context-
difficulties, postponement  can  be considered  if  it
outweighs  the  risk  of  proceeding  with  airway  management,
or alternative  anaesthesia  strategies  can  be  considered

85.7  [88.6;  0; 0]

Known or  anticipated  difficult  airway

20.  Awake  tracheal  intubation  is  the technique  of  choice  in
patients  with  known  or  anticipated  difficult  airway

85.7  [88.6;  1; 0]

21. High-flow  nasal  oxygen  therapy  is  recommended  over
conventional  low-flow  cannulas

91.4  [88.6;  0; 0]

22. NIV  through  an  endoscopy  face  mask  could  be  useful  when
intubating  critically  ill  patients  with  hypoxaemia

82.9  [88.6;  0; 0]

23. Premedication  with  an  antisialogogue,  preferably
glycopyrrolate,  is recommended  to  optimize  the  local
anaesthetic  effectiveness  and  improve  the  field  of  vision.

80  [88.6;  2; 0]

24. Sedation  is an  optional  complement  to  adequate  topical
anaesthesia  in awake  tracheal  intubation

88.6  [88.6;  2; 2]

25. The  goals  of  conscious  sedation  in awake  tracheal
intubation  are  effective  amnesia,  patient  satisfaction,  and
analgesia  to  reduce  coughing,  gagging,  and  haemodynamic
reflexes  while  preserving  airway  patency,  spontaneous
breathing,  and  protective  laryngeal  reflexes.

94.3  [88.6;  0; 0]

26. If  the  first-line  technique  (FB  or  VL)  fails,  the  alternative
technique  should  be  used.

80  [88.6;  1; 0]

27. A  third  attempt  may  benefit  from  a  multimodal  approach
(VL  + FB)

100  [88.6;  0; 0]

28. The  combination  of  intubating  SGA and  FOI  can  be a  useful
rescue technique  to  maintain  oxygenation  and  airway
patency  and  be  used  as  a  conduit  to  facilitate  TI

100  [88.6;  0; 0]

29. A  smaller  calibre  ETT  than  usual  is recommended  when
performing  FB  and  VL.

85.7  [88.6;  1; 0]

30. There  should  be  less  difference  between  the  external
diameter  of  the  FB  and  the  internal  diameter  of  the  ETT  in
order  to  facilitate  FOI.

85.7  [88.6;  2; 0]

31. Standard  PVC  ETTs  are  not  recommended  for  FOI  as  they
are more  likely  to  impinge  on  the  glottic  structures.

71.9  [88.6;  5; 0]

32. After  visual  confirmation  of  tracheal  intubation,  general
anaesthesia  should  be  induced  after  inflating  the  cuff  and
confirming  intubation  with  capnography.

94.3  [88.6;  0; 0]

33. Fallback  techniques  and  approaches  should  be planned  in
advance  and  implemented  without  delay  after  failure  of
the primary  technique.

100  [88.6;  0; 0]

34. A  FONA  plan  must  be  prepared  before  attempting  awake
tracheal  intubation  if  it  is  likely  to  fail  and  result  in
complete  airway  obstruction.

88.6  [88.6;  0; 0]

35. Awake  tracheostomy  under  local  anaesthesia  should  be
performed  in patients  with  critical  pre-existing  airway
compromise.

82.9  [88.6;  0; 0]

36. Awake  cricothyrotomy  would  be the  most  appropriate
technique  in the  event  of  emergency  critical  airway
compromise.

91.4  [88.6;  0; 0]

37. Awake  ECMO  under  local  anaesthesia  may be the  safest
option  when  the  execution  is anticipated  to  be impossible,
or when  failure  or  inefficiency  of  the  four  conventional
plans occurs,  with  a  risk  of  complete  airway  obstruction

90.6  [88.6;  2; 0]
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Unanticipated  difficult  airway

Periprocedure  oxygenation
38.  HFNO  should  be  considered  the  first-line  preoxygenation

technique  for  patients  with  mild hypoxaemia
(PaO2/FiO2 > 200  mmHg),  while  NIV  is  the  technique  of
choice  in those  with  severe  hypoxaemia
(PaO2/FiO2 ≤  200  mmHg).

87.5  [88.6;  1; 0]

39. Preoxygenation  with  NIV  + HFNO  and  apnoeic  oxygenation
with HFNO  should  be  a  priority  in  critically  ill  patients
undergoing  TI.

85.7  [88.6;  1; 0]

Rapid sequence  induction
40.  RSI  is the  recommended  technique  when  there  is a

considerable  risk  of aspiration  in an  airway  without
predictors  of  difficulty

97.1  [88.6;  0; 0]

41. RSI,  with  or  without  the  Sellick  manoeuvre,  should  be
performed  in  in  all emergency  TIs

84.4  [88.6;  4; 0]

42. An  RSI  checklist  should  be  used  to  improve  patient  safety  97.1  [88.6;  0; 0]
43. Patients  with  high  risk  of  aspiration  should  be

premedicated  with  a  nonparticulate  antacid  immediately
before  induction  or an H2 receptor  antagonist  or  a  proton
pump  inhibitor  40−60  min  before  induction  to  increase  pH
and reduce  the volume  of  gastric  contents

82.9  [88.6;  1; 0]

44. Use of a  nasogastric  tube  should  be  individualized  88.6  [88.6;  0; 0]
45. High-efficiency,  large-calibre,  multi-hole  suction

instruments  must  be  readily  available  to  treat  possible
regurgitation

100  [88.6;  0; 0]

46. A 20---30◦ head-up  position  is  recommended  to  prevent
passive  regurgitation.  Should  this  occur,  the  patient  should
be  placed  in the  Trendelenburg  position  with  the  head
turned  to  one  side to  aspirate  fluid  from  the  pharynx  and
trachea  before  starting  PPV

94.3  [88.6;  0; 0]

47. The  choice,  dose,  and  rate  of  administration  of  hypnotic
agent must  be  individualized

91.4  [88.6;  0; 0]

48. In  agitated,  non-cooperative  patients,  delayed  sequence
induction  can  be  considered  to  achieve  adequate
preoxygenation.

71.9  [88.6;  6; 0]

49. The  routine  use  of  cricoid  pressure  cannot  be  recommended  81.3  [88.6;  4; 0]
50. A ‘‘modified  RSI’’  can be  used  in patients  at  high  risk  of

hypoxia  who  are  not  candidates  for  awake  tracheal
intubation

85.7  [88.6;  0; 0]

Tracheal intubation
51.  Videolaryngoscopes  with  standard  Macintosh  blade  (which

allow  for  both  direct  and  indirect  laryngoscopy)  are
appropriate  for  tracheal  intubation  in patients  without
predictors  of  difficulty,  while  those  with  hyperangulated
blade (with  or  without  a guide  channel)  are indicated  in
patients  with  known  or  anticipated  difficult  airway.

94.3  [88.6;  1; 1]

52. The  availability  of  a  tracheal  tube  introducer  is
recommended  at  all locations  where  airway  management  is
performed.

97.1  [88.6;  0; 0]

53. A flat  capnography  trace  (grade  3  ventilation)  indicates
failed TI  until  proven  otherwise.

80  [88.6;  1;  0]

54. Capnography  waveform  monitoring  during  maintenance  of
mechanical  ventilation  is  highly  recommended  in  all
settings

100  [88.6;  0; 0]

Ventilation with  a  supraglottic  airway
55. An  SGA  should  be  inserted  without  delay  to  preserve

alveolar oxygenation  in the  event  of  difficult  or  failed  TI
85.7  [88.6;  2; 0]
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56.  Immediate  availability  of  a  2GSGA  is recommended,  along
with  the  necessary  proficiency  for  its  use  in all  locations
where  airway  management  is conducted.

100  [88.6;  0; 0]

57. If  cricoid  pressure  has been  applied,  it  must  be  released
during  placement  of an  SGA

80  [88.6;  2; 0]

58. A  90-degree  rotation,  jaw  thrust,  and  the  use  of  DL  or  VL
(of choice)  with  the  ‘‘insert-detect-correct-as-you-go’’
technique  enhance  the  efficacy  and safety  of  SGAs  by
facilitating  insertion,  increasing  the  success  rate  on  the
first  attempt,  and reducing  pharyngeal  trauma.

82.9  [88.6;  2; 0]

59. FOI  can  be  performed  through  the  SGA  if the patient  is
stable,  has  received  adequate  NMB,  and  if  the  operator  is
skilled in the  technique

97.1  [88.6;  0; 0]

Mask ventilation
60.  The  optimal  mask  ventilation  technique  should  be used  as

first-line  (triple  maneuver  of  cervical  hyperextension,
anterior  mandibular  displacement,  and mouth  opening,
placement  of  an  oral  or  nasopharyngeal  airway,  and  the
two-hand  ventilation  technique,  in  a  patient  with  optimal
positioning  and  profound  NMB).

80  [88.6;  4; 0]

61. A  declaration  of  failed  mask  ventilation  necessitates  an
immediate  transition  to  SGAV

85.7  [88.6;  3; 0]

Front of  neck  access
62.  The  failure  of  the 3  non-invasive  plans  (primary  and

rescue),  regardless  of  the  SpO2 value,  requires  the
verbalization  of  the need  and  subsequent  execution  of
FONA

90.6  [88.6;  3; 0]

63. Cricothyrotomy  is the  technique  of  choice  in a  CICO
situation

91.4  [88.6;  1; 0]

64. The  scalpel-introducer-tube  cricothyrotomy  technique  is
recommended

91.4  [88.6;  1; 0]

65. The  performance  of  FONA  should  be feasible  at any
location  where  airway  management  is conducted.

100  [88.6;  0; 0]

66. Emergency  cricothyrotomy  should  be  converted  to  ETT  or
tracheostomy,  as there  is insufficient  evidence  to  support
its use  as  long-term  treatment

85.7  [88.6;  2; 0]

67. Failure  of  a  cricothyrotomy  to  secure  the  airway  makes  it
advisable  to  perform  a  tracheotomy  by  an  experienced
operator

94.3  [88.6;  1; 1]

68. All  clinicians  involved  in airway  management  must  acquire
and maintain  the  skills  needed  to  perform  a  surgical  or
percutaneous  cricothyrotomy  using  the  Seldinger
technique.

100  [88.6;  0; 0]

Monitoring ETT  cuff  pressure

69.  The  ETT cuff  inflation  must  be performed  with  the
minimum  pressure  needed  to  guarantee  a  safe,  effective
seal.  Cuff  pressure  should  remain  between  20−30  cm  H2O
in ETTs  and  tracheostomy  and cricothyrotomy  tubes,  and
<60 cm  H2O  for  SGAs

94.3  [88.6;  1; 1]

Extubation

70. Reintubation  should  always  be considered  potentially
difficult  due  to  the  addition  complexity  involved

97.1  [88.6;  0; 0]

71. The  cuff  leak  test,  preferably  using  a  quantitative
evaluation  technique,  ultrasound  evaluation  and  laryngeal
visualization  with  VL  or  fibreoptic  bronchoscope  can
facilitate  decision-making.

97.1  [88.6;  0; 0]

72. Awake  extubation  and the use  of  advanced  techniques  is
the most  suitable  approach  in  for  managing  a with  difficult
airway

94.3  [88.6;  0; 0]

73. Waveform  capnography  should  be available  in  recovery
units and  should  be  used  in high-risk  patients

97.1  [88.6;  0; 0]
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Documentation

74.  A history  of  failure  in  previous  procedures  is the  most
accurate  predictor  of  failure  in  subsequent  treatments.

97.1  [88.6;  0; 0]

Airway-related  management

75.  An  airway  management  leader  should  be assigned  at  each
institution

100  [88.6;  0;  0]

Teaching and  training

76.  Skill  acquisition  should  be  gradual,  involving  a  cognitive
phase,  simulation,  and  clinical  training  with
problem-solving  until  the  learning  curve  is  completed,  with
evaluation  and  feedback  from  the  instructor  at  each  stage.

100  [88.6;  0; 0]

77. Continuing  education  and  regular  training  are  required  for
the  development  of new  skills  or  techniques  and  the
maintenance  of  competencies,  preferably  on an  annual
basis.

97.1  [88.6;  0; 0]

ATI:  awake  tracheal  intubation;  DA:  difficult  airway;  DL:  direct  laryngoscopy;  ECMO: extracorporeal  membrane  oxygena-
tion;  ETT:  endotracheal  tube;  EtCO2:  end-tidal  carbon  dioxide  concentration;  EtO2:  end-tidal  oxygen  concentration;
FOB:  fiberoptic  bronchoscopy;  FiO2:  inspiratory  fraction  of oxygen;  FMV:  Face  mask  ventilatio;  FONA:  front-of-neck
access;  2GSGA:  second  generation  supraglottic  device;  HFNO:  high  flow  nasal  oxygen  therapy;  IC:  informed  consent;  NIV:
non-invasive  ventilation;  NMB:  neuromuscular  blockade;  PaO2:  arterial  partial  pressure  of oxygen;  RSI:  rapid  sequence
induction;  SGA:  supraglottic  device;  SGAV:  supraglottic  airway  ventilation;  SpO2:  peripheral  oxygen  saturation;  TI: tracheal
intubation;  VL:  videolaryngoscopy.
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Michalek.

Collaborators

You  can  consult  the  list  of collaborators  in Appendix.
Supplementary  data.

Appendix.  Supplementary data

Supplementary  data  related  to  this article  can  be found,
in  the  online  version,  at  doi:https://doi.org/10.1016/
j.redar.2023.08.002.

References

1.  Mosier JM, Sakles JC, Law JA, Brown CA, Brindley PG. Tracheal
intubation in the critically ill. Where we came from and where
we should go.  Am J Respir Crit Care Med. 2020;201:775---88.

2. Schroeder RA, Pollard R,  Dhakal I, Cooter M, Aronson S, Grich-
nik K, et  al. Temporal trends in difficult and failed tracheal
intubation in a regional community anesthetic practice. Anes-
thesiology. 2018;128:502---10.

3. Joffe AM, Aziz MF, Posner KL, Duggan LV, Mincer SL, Domino KB.
Management of  difficult tracheal intubation: a closed claims
analysis. Anesthesiology. 2019;131:818---29.

4. Smith C, McNarry AF. Airway leads and airway response teams:
improving delivery of safer airway management? Curr Anesthe-
siol Rep. 2020:1---8.

5. Asai T, Hillman D.  Current difficult airway management-not
good enough! Anesthesiology. 2019;131:774---6.

6. Cook TM. Strategies for the prevention of airway complications
---- a narrative review. Anaesthesia. 2018;73:93---111.

7. Crosby ET, Duggan LV,  Finestone PJ, Liu R,  De Gorter R,  Calder
LA. Anesthesiology airway-related medicolegal cases from
the Canadian Medical Protection Association. Can J  Anaesth.
2021;68:183---95.

8. Cook TM, Woodall N, Frerk C. Major complications of  air-
way management in the UK: results of  the Fourth National
Audit Project of  the Royal College of  Anaesthetists and the
Difficult Airway Society. Part 1: anaesthesia. Br J  Anaesth.
2011;106:617---31.

9. Cook TM, Woodall N,  Harper J, Benger J. Major complications
of  airway management in the UK: results of the Fourth
National Audit Project of the  Royal College of Anaes-
thetists and the Difficult Airway Society. Part 2: intensive
care and emergency departments. Br J Anaesth. 2011;106:
632---42.

10. Woodall N, Frerk C, Cook TM. Can we make airway manage-
ment (even) safer?----Lessons from national audit. Anaesthesia.
2011;66 Suppl 2:27---33.

11. Frerk C, Mitchell VS, McNarry AF,  Mendonca C, Bhagrath R,
Patel A, et  al. Difficult Airway Society 2015 guidelines for
management of unanticipated difficult intubation in adults.
Br J Anaesth. 2015;115(6):827---48.

12. Higgs A, McGrath BA, Goddard C, Rangasami J, Sunthar-
alingam G, Gale R, et al.  Guidelines for the management
of  tracheal intubation in critically ill adults. Br J  Anaesth.
2018;120:323---52.

13. Apfelbaum JL, Hagberg CA, Connis RT, Abdelmalak BB, Agarkar
M,  Dutton RP, et al. 2022 American Society of  Anesthesiologists
practice guidelines for management of  the  difficult airway.
Anesthesiology. 2022;136:31---81.

14. Law JA, Duggan LV, Asselin M, Baker P, Crosby E, Downey A,
et al. Canadian Airway Focus Group updated consensus-based
recommendations for management of  the difficult airway: part
1. Difficult airway management encountered in an unconscious
patient. Can J Anaesth. 2021;68:1373---404.

15. Law JA, Duggan LV, Asselin M, Baker P, Crosby E, Downey A,
et al. Canadian Airway Focus Group updated consensus-based
recommendations for management of  the difficult airway:
part 2. Planning and implementing safe management of the
patient with an anticipated difficult airway. Can J  Anaesth.
2021;68:1405---36.

16. Chrimes N,  Higgs A, Hagberg CA, Baker PA, Cooper RM,
Greif R,  et al. Preventing unrecognised oesophageal intuba-
tion: a consensus guideline from the Project for Universal
Management of  Airways and international airway societies.
Anaesthesia. 2022;77:1395---415.

17. Chrimes N. The Vortex: a universal ‘high-acuity implementa-
tion tool’ for emergency airway management. Br J  Anaesth.
2016;117 Suppl 1:i20---7.

18. Domino KB. Death and brain damage from difficult airway
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The role of indirect laryngoscopy, clinical and ultrasonographic
assessment in prediction of  difficult airway. Laryngoscope.
2021;131:E555---60.

130. Martínez-García A, Guerrero-Orriach JL, Pino-Gálvez MA.
Ultrasonography for predicting a  difficult laryngoscopy. Get-
ting closer. J  Clin Monit Comput. 2021;35:269---77.

131. Mosier JM. Physiologically difficult airway in critically ill
patients: winning the race between haemoglobin desaturation
and tracheal intubation. Br J  Anaesth. 2020;125:e1---4.

132. Russotto V, Myatra SN, Laffey JG. What’s new in air-
way management of the critically ill. Intensive Care Med.
2019;45:1615---8.

133. Huitink JM, Bouwman RA. The myth of  the difficult airway:
airway management revisited. Anaesthesia. 2015;70:244---9.

134. Robinson M, Davidson A. Aspiration under anaesthesia: risk
assessment and decision-making. Contin Educ Anaesth Crit
Care Pain. 2013;14:171---5.

30

http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0490
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0490
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0490
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0490
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0490
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0490
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0490
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0490
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0490
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0490
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0490
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0490
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0490
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0495
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0495
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0495
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0495
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0495
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0495
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0495
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0495
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0495
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0495
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0495
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0495
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0495
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0495
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0495
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0495
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0495
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0495
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0495
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0495
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0495
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0495
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0495
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0500
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0500
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0500
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0500
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0500
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0500
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0500
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0500
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0500
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0500
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0500
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0500
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0500
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0500
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0500
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0500
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0500
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0500
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0500
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0500
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0500
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0500
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0500
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0505
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0505
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0505
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0505
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0505
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0505
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0505
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0505
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0505
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0505
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0505
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0505
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0505
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0505
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0505
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0505
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0505
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0505
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0505
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0505
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0505
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0505
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0505
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0505
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0505
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0505
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0505
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0505
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0505
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0505
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0505
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0505
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0505
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0505
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0505
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0505
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0505
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0505
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0505
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0505
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0505
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0505
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0505
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0505
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0505
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0505
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0510
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0510
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0510
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0510
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0510
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0510
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0510
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0510
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0510
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0510
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0510
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0510
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0510
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0510
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0510
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0510
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0510
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0510
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0510
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0510
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0510
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0510
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0510
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0515
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0515
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0515
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0515
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0515
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0515
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0515
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0515
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0515
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0515
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0515
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0515
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0515
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0515
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0515
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0515
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0515
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0515
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0515
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0515
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0515
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0515
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0515
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0515
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0515
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0515
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0515
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0515
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0515
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0515
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0515
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0520
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0520
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0520
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0520
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0520
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0520
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0520
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0520
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0520
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0520
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0520
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0520
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0520
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0520
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0520
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0520
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0520
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0520
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0520
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0520
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0520
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0520
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0520
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0520
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0520
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0520
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0520
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0520
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0520
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0520
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0520
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0520
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0520
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0520
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0520
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0520
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0520
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0525
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0530
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0535
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0535
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0535
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0535
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0535
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0535
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0535
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0535
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0535
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0535
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0535
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0535
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0535
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0535
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0535
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0535
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0535
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0535
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0535
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0535
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0535
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0535
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0535
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0535
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0535
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0535
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0535
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0535
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0535
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0535
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0535
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0535
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0535
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0535
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0535
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0535
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0535
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0535
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0535
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0540
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0540
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0540
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0540
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0540
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0540
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0540
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0540
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0540
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0540
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0540
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0540
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0540
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0540
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0540
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0540
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0540
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0540
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0540
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0540
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0540
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0540
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0540
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0540
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0540
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0540
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0540
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0540
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0540
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0540
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0540
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0540
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0540
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0540
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0540
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0540
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0540
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0540
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0540
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0545
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0545
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0545
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0545
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0545
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0545
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0545
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0545
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0545
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0545
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0545
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0545
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0545
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0545
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0545
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0545
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0545
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0545
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0545
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0545
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0545
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0545
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0545
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0545
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0545
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0545
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0545
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0545
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0545
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0545
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0545
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0545
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0545
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0545
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0545
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0545
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0545
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0545
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0545
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0545
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0545
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0545
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0545
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0550
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0550
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0550
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0550
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0550
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0550
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0550
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0550
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0550
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0550
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0550
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0550
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0550
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0550
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0550
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0550
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0550
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0550
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0550
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0550
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0550
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0550
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0550
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0550
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0550
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0550
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0550
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0550
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0550
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0550
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0550
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0550
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0550
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0550
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0550
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0550
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0550
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0550
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0555
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0555
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0555
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0555
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0555
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0555
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0555
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0555
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0555
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0555
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0555
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0555
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0555
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0555
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0555
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0555
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0555
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0555
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0555
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0555
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0555
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0555
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0555
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0555
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0555
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0555
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0555
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0555
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0555
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0555
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0560
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0560
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0560
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0560
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0560
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0560
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0560
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0560
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0560
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0560
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0560
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0560
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0560
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0560
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0560
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0560
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0560
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0560
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0560
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0560
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0560
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0560
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0560
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0560
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0560
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0560
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0560
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0560
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0560
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0560
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0560
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0560
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0560
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0560
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0560
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0560
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0560
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0560
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0560
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0560
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0560
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0565
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0565
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0565
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0565
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0565
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0565
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0565
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0565
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0565
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0565
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0565
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0565
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0565
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0565
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0565
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0565
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0565
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0565
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0565
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0565
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0565
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0565
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0565
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0565
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0565
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0565
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0565
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0565
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0565
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0565
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0565
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0565
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0565
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0565
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0565
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0565
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0565
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0565
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0565
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0565
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0565
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0570
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0570
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0570
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0570
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0570
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0570
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0570
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0570
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0570
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0570
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0570
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0570
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0570
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0570
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0570
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0570
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0570
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0570
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0570
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0570
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0570
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0570
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0570
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0570
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0570
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0570
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0570
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0570
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0570
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0570
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0570
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0570
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0570
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0570
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0570
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0570
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0570
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0570
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0570
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0570
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0570
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0575
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0575
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0575
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0575
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0575
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0575
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0575
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0575
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0575
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0575
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0575
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0575
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0575
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0575
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0575
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0575
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0575
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0575
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0575
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0575
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0575
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0575
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0575
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0575
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0575
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0575
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0575
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0575
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0575
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0575
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0575
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0575
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0575
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0575
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0575
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0575
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0575
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0575
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0575
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0575
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0575
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0575
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0580
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0580
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0580
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0580
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0580
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0580
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0580
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0580
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0580
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0580
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0580
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0580
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0580
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0580
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0580
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0580
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0580
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0580
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0580
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0580
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0580
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0580
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0580
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0580
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0580
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0580
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0580
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0580
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0580
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0580
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0580
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0580
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0580
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0580
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0580
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0580
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0580
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0580
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0580
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0580
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0580
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0580
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0585
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0585
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0585
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0585
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0585
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0585
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0585
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0585
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0585
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0585
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0585
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0585
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0585
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0585
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0585
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0585
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0585
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0585
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0585
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0585
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0585
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0585
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0585
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0585
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0585
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0585
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0585
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0585
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0585
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0585
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0585
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0585
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0585
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0585
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0585
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0585
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0585
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0585
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0585
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0585
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0585
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0590
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0590
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0590
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0590
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0590
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0590
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0590
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0590
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0590
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0590
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0590
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0590
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0590
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0590
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0590
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0590
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0590
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0590
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0590
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0590
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0590
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0590
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0590
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0590
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0590
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0590
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0590
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0590
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0590
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0590
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0595
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0595
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0595
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0595
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0595
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0595
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0595
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0595
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0595
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0595
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0595
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0595
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0595
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0595
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0595
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0595
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0595
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0595
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0595
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0595
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0595
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0595
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0595
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0595
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0595
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0595
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0595
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0595
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0595
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0595
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0595
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0595
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0595
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0600
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0600
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0600
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0600
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0600
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0600
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0600
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0600
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0600
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0600
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0600
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0600
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0600
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0600
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0600
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0600
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0600
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0600
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0600
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0600
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0600
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0600
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0600
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0600
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0600
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0605
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0605
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0605
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0605
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0605
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0605
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0605
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0605
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0605
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0605
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0605
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0605
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0605
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0605
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0605
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0605
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0605
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0605
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0605
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0605
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0605
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0605
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0610
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0610
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0610
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0610
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0610
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0610
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0610
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0610
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0610
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0610
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0610
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0610
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0610
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0610
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0610
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0610
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0610
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0610
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0610
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0610
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0610
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0610
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0610
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0610
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0610
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0610
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0610
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0610
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0610
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0610
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0610
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0610
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0610
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0610
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0610
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0610
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0610
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0615
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0615
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0615
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0615
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0615
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0615
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0615
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0615
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0615
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0615
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0615
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0615
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0615
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0615
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0615
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0615
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0615
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0615
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0615
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0615
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0615
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0615
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0615
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0615
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0615
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0615
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0615
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0615
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0615
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0615
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0615
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0615
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0615
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0615
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0615
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0615
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0615
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0615
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0615
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0615
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0615
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0615
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0615
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0620
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0620
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0620
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0620
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0620
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0620
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0620
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0620
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0620
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0620
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0620
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0620
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0620
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0620
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0620
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0620
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0620
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0620
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0620
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0620
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0620
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0620
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0620
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0620
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0620
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0620
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0620
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0620
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0620
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0620
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0620
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0620
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0620
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0620
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0620
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0620
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0620
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0620
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0620
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0620
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0620
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0620
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0625
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0625
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0625
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0625
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0625
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0625
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0625
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0625
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0625
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0625
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0625
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0625
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0625
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0625
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0625
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0625
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0625
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0625
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0625
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0625
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0625
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0625
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0625
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0625
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0625
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0625
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0625
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0625
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0625
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0625
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0625
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0630
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0630
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0630
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0630
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0630
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0630
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0630
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0630
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0630
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0630
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0630
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0630
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0630
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0630
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0630
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0630
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0630
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0630
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0630
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0630
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0630
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0630
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0630
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0630
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0630
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0630
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0630
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0630
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0630
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0630
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0630
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0630
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0630
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0630
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0635
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0635
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0635
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0635
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0635
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0635
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0635
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0635
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0635
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0635
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0635
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0635
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0635
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0635
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0635
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0635
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0635
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0635
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0635
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0635
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0635
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0635
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0635
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0635
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0635
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0635
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0635
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0635
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0635
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0635
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0635
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0640
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0640
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0640
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0640
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0640
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0640
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0640
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0640
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0640
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0640
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0640
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0640
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0640
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0640
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0640
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0640
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0640
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0640
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0640
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0640
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0640
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0640
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0640
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0640
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0640
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0645
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0645
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0645
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0645
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0645
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0645
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0645
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0645
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0645
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0645
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0645
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0645
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0645
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0645
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0645
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0645
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0645
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0645
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0645
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0645
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0645
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0645
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0645
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0645
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0645
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0645
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0645
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0645
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0645
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0645
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0645
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0645
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0645
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0645
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0645
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0645
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0645
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0645
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0645
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0650
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0650
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0650
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0650
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0650
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0650
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0650
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0650
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0650
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0650
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0650
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0650
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0650
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0650
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0650
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0650
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0650
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0650
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0650
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0650
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0650
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0650
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0650
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0650
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0650
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0650
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0650
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0655
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0655
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0655
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0655
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0655
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0655
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0655
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0655
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0655
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0655
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0655
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0655
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0655
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0655
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0655
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0655
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0655
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0655
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0655
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0655
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0655
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0655
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0655
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0655
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0655
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0655
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0655
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0660
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0660
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0660
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0660
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0660
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0660
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0660
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0660
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0660
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0660
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0660
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0660
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0660
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0660
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0660
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0660
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0660
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0660
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0660
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0660
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0660
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0660
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0660
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0660
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0660
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0660
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0660
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0665
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0665
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0665
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0665
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0665
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0665
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0665
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0665
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0665
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0665
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0665
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0665
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0665
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0665
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0665
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0665
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0665
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0665
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0665
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0670
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0670
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0670
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0670
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0670
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0670
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0670
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0670
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0670
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0670
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0670
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0670
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0670
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0670
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0670
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0670
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0670
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0670
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0670
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0670
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0670
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0670
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0670
http://refhub.elsevier.com/S2341-1929(24)00021-0/sbref0670


ARTICLE IN PRESS
+Model

REDARE-1545; No. of Pages 36

Revista  Española  de  Anestesiología  y Reanimación  xxx  (xxxx)  xxx---xxx

135. Perlas A, Arzola C, Van de Putte P. Point-of-care gastric ultra-
sound and aspiration risk assessment: a narrative review. Can
J Anaesth. 2018;65:437---48.

136. Kluger MT, Short TG. Aspiration during anaesthesia: a review of
133 cases from the Australian Anaesthetic Incident Monitoring
Study (AIMS). Anaesthesia. 1999;54:19---26.

137. Van de Putte P, Perlas A. Ultrasound assessment of gastric
content and volume. Br J  Anaesth. 2014;113:12---22.

138. Crowley M, Holt NF, Nussmeier NA. Preoperative fasting guide-
lines. UpToDate. Retrieved July 2021.

139. El-Boghdadly K, Wojcikiewicz T,  Perlas A. Perioperative point-
of-care gastric ultrasound. BJA Educ. 2019;19:219---26.

140. Bouvet L, Desgranges FP, Aubergy C, Boselli E, Dupont G,
Allaouchiche B, et  al. Prevalence and factors predictive of
full stomach in elective and emergency surgical patients: a
prospective cohort study. Br J Anaesth. 2017;118:372---9.

141. Zimmerman J, Birgenheier NM. Overview of  perioperative uses
of ultrasound. UpToDate. Retrieved June 2021.

142. Bouvet L, Chassard D. Ultrasound assessment of  gastric content
in the obese patient: one more step for patient safety. Anesth
Analg. 2014;119:1017---8.

143. Kruisselbrink R, Gharapetian A, Chaparro LE, Ami N, Richler D,
Chan VWS, et al. Diagnostic accuracy of  point-of-care gastric
ultrasound. Anesth Analg. 2019;128:89---95.

144. Benhamou D. Ultrasound assessment of gastric contents in the
perioperative period: why is this not part of our  daily practice?
Br J Anaesth. 2015;114:545---8.

145. Mahmood F, Matyal R, Skubas N,  Montealegre-Gallegos M,
Swaminathan M, Denault A, et  al. Perioperative ultrasound
training in anesthesiology: a call to action. Anesth Analg.
2016;122:1794---804.

146. Alakkad H, Kruisselbrink R, Chin KJ, Niazi AU, Abbas S,  Chan
VW, et al. Point-of-care ultrasound defines gastric content
and changes the anesthetic management of  elective surgical
patients who have not followed fasting instructions: a prospec-
tive case series. Can J  Anaesth. 2015;62:1188---95.

147. Perlas A, Van de Putte P, Van Houwe P, Chan VW.  I-AIM
framework for point-of-care gastric ultrasound. Br J Anaesth.
2016;116:7---11.

148. Karmali S, Rose P. Tracheal tube size in adults undergo-
ing elective surgery ---- a  narrative review. Anaesthesia.
2020;75:1529---39.

149. Metzner J, Posner KL, Lam MS, Domino KB. Closed claims’
analysis. Best Pract Res Clin Anaesthesiol. 2011;25:263---76.

150. Cook TM, MacDougall-Davis SR. Complications and failure of
airway management. Br J Anaesth. 2012;109 Suppl 1:i68---85.

151. Brodsky MB, Akst LM, Jedlanek E, Pandian V,  Blackford B, Price
C, et al. Laryngeal injury and upper airway symptoms after
endotracheal intubation during surgery: a systematic review
and meta-analysis. Anesth Analg. 2021;132:1023---32.

152. Cyna AM, Simmons SW. Guidelines on informed consent
in anaesthesia: unrealistic, unethical, untenable.  .  ..  Br J
Anaesth. 2017;119:1086---9.

153. White DB. Ethics in the intensive care unit: Informed consent.
UpToDate. Retrieved July 2021.

154. Knudsen K, Nilsson U, Högman M, Pöder U. Awake intuba-
tion creates feelings of being in a vulnerable situation but
cared for in safe hands: a qualitative study. BMC Anesthesiol.
2016;16:71.

155. Giampieri M.  Communication and informed consent in elderly
people. Minerva Anestesiol. 2012;78:236---42.

156. Iohom G.  Monitoring during anesthesia. UpToDate. Retrieved
June 2020.

157. Klein AA, Meek T, Allcock E, Cook TM, Mincher N,  Morris C, et  al.
Recommendations for standards of  monitoring during anaes-
thesia and recovery 2021: Guideline from the Association of
Anaesthetists. Anaesthesia. 2021;76:1212---23.

158. Chrimes N,  Higgs A, Rehak A. Lost in transition: the chal-
lenges of  getting airway clinicians to move from the upper
airway to the neck during an airway crisis. Br J  Anaesth.
2020;125:e38---46.

159. Myatra SN. Airway management in the critically ill. Curr Opin
Crit Care. 2021;27:37---45.

160. Patel A, Gilhooly M.  Preoxygenation and apneic oxygenation
for airway management for anesthesia. UpToDate. Retrieved
January 2021.

161. deBacker J, Hart N,  Fan E. Neuromuscular blockade in the
21st century management of  the critically ill  patient. Chest.
2017;151:697---706.

162. Brull SJ, Kopman AF. Current status of  neuromuscular reversal
and monitoring: challenges and opportunities. Anesthesiology.
2017;126:173---90.

163. Artime CA, Sanchez A. Chapter 12 ---- Preparation of the patient
for awake intubation. In: Hagberg CA, editor. Benumof and
Hagberg’s Airway Management. 4th edn. Philadelphia: W.B.
Saunders; 2018. p. 216---34.e4.

164. Sklar MC,  Detsky ME. Emergent airway management of  the crit-
ically ill  patient: current opinion in critical care. Curr Opin Crit
Care. 2019;25:597---604.

165. El-Boghdadly K, Aziz MF. Face-mask ventilation: the neglected
essentials? Anaesthesia. 2019;74:1227---30.

166. Matioc AA. An anesthesiologist’s perspective on the history of
basic airway management: the m̈odernëra,  1960 to present.
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