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UPDATE IN  INTENSIVE CARE MEDICINE: ULTRASOUND IN THE  CRITICALLY ILL PATIENT. CLINICAL
APPLICATIONS
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Ultrasound  has  become  an essential  imaging  modality  in
the  assessment  of  critically  ill patients,  as  it provides  real-
time  bedside  images  in a  non-invasive  or  minimally  invasive
way  (transesophageal  echocardiography).  Additionally,  the
information  obtained  from  the ultrasound  examination  is
interpreted  and  immediately  added  to  the patient’s  over-
all  assessment,1,2 which  brings  undeniable  value  to  clinical
practice  in  the  field  of  Intensive  Medicine.  This  applica-
tion  of dynamic  and  real-time  ultrasound  is  referred  to  as
Point-of-care  ultrasonography  (POCUS).3,4

Echocardiography  is  the  first  ultrasound  modality  that
was  routinely  added  to  intensive  care  units  (ICUs).  The
main  indication  for echocardiography  at the ICU  setting  is
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the  study  of  cardiocirculatory  function  in shock,  because  it
allows  us to gather  information  on  its  etiology  and  can  be
tremendously  useful as  a  guide  and  monitoring  of  the treat-
ment  being  administered.  Other  common indications  for
echocardiography  in Intensive  Medicine  include  the  assess-
ment  of  heart-lung  interaction,  evaluation  of  endocarditis,
aortic  dissection  or  the study  of  unexplained  hypoxemia.1,5,6

Specifically,  the latest  international  consensus  on  shock
and  hemodynamic  monitoring  (Task  force  of  the  European
Society  of  Intensive  Care  Medicine)  recommends  echocar-
diography  as  the preferred  imaging  modality  for the  initial
evaluation  of shock  type over  more  invasive  technologies.7

Similarly,  the  Cardiological  Intensive  Care  and CPR  Working
Group  of  the Spanish  Society  of  Intensive  Medicine,  Critical
Care,  and Coronary  Units  (SEMICYUC)  recommends  perform-
ing  a basic  echocardiography  in  the  initial  stages  of  shock.
On  the other  hand,  in situations  of  hemodynamic  instabil-
ity  where  there  is  an  inadequate  therapeutic  response  or
there  is  a  need  to  delve  into  the  pathophysiology  of the
process,  obtaining  advanced  echocardiography  is  advised.1

Conducting  basic  and  advanced  echocardiographic  exams,
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intermittently  but  repeatedly,  contributes  to  a deeper
understanding  of  hemodynamic  assessment,  as  well  as the
evaluation  and  guidance  of  treatment.  More  comprehensive
examination  requires  knowledge  of  advanced  echocardiog-
raphy  to  guarantee  reliable,  detailed,  and  more  in-depth
information  on  relevant  cardiovascular  function  aspects  in
the  hemodynamic  management  of  critically  ill  patients.  In
2014,  standards  for  training  in advanced  echocardiography
of  the  critically  ill  patient  were  published  (Expert  round
table  on  echocardiography  in  ICU).8

Additionally,  over the  last  decade,  other  sonographic
modalities  have  been  rapidly  added  to the  ICU  setting.
The  pleuropulmonary  ultrasound,  vascular  ultrasound,  and
abdominal  ultrasound  are some  of  these modalities.  Cra-
nial  ultrasound,  like  echocardiography,  had  been  previously
added  to  assess  critically  ill  patients  with  neurological  con-
ditions.  Therefore,  there  is  extensive  experience  on  its
applicability.  All these  imaging  modalities  contribute  to
improving  the diagnostic  and therapeutic  processes  of  dif-
ferent  conditions  affecting  critically  ill patients.

At  the  ICU  setting,  the ultrasound  known  as  POCUS  is  per-
formed  by  intensivists  trained in general  ultrasound.  The
most  common  form  of  POCUS  emphasizes  a  basic  ultrasound
examination  of  the heart,  lungs,  and  abdomen.  Multiple  pro-
tocols  integrate  the different  ultrasound  modalities,  which
appear  to  be  useful  in  the treatment  of  various  processes
such  as  shock  or  cardiac  arrest.4

To  ensure  the  quality  of ultrasound  examinations  and  the
reliability  of  decision-making  in clinical  practice,  training
in  ultrasound  is  essential.  In  this  regard,  it is  important  to
consider  that ultrasound  is  an  operator-dependent  imaging
modality  that  requires  experienced  personnel  to  conduct  the
ultrasound  examinations.  This  could  pose  a  significant  lim-
itation  in  its  practical  use  since  an incorrect  interpretation
of  ultrasound  findings  could  lead  to  serious  diagnostic  and
therapeutic  confusion,  with  a  direct  impact  on  the  patient’s
outcome.  Nevertheless,  numerous  studies  have  shown  that
intensivists  with  proper  training  can  safely  and reliably  per-
form  ultrasound  examinations.9,10

This  growing  addition  of  ultrasound  to  the  ICU  setting  has
led  numerous  national  intensive  care  societies  around  the
world  to promote  structured  learning  of  this imaging  modal-
ity.  On  one  hand,  they  propose  basic  ultrasound  training
for  all  intensivists  aimed  at  specific g̈oal-directedöbjectives,
focusing  on  resolving  critical  care-specific  issues.  On the
other  hand,  advanced  training  in  modalities  like the
echocardiography  is  intended  for  intensivists  with  a spe-
cific  interest  in delving  into  the  comprehensive  skills  and
skills  required  for  such  modality.  Several  years  ago,  joint
statements  from  American  and French  societies regarding
skills  in  ultrasound  at the ICU  setting  were published.5 These
recommendations  include  the skills  and  skills  required  for
different  levels  of  knowledge  in  echocardiography  and other
ultrasound  modalities  at the  ICU  setting,  including  thoracic,
abdominal,  and  vascular  ultrasound.  Similarly,  the  European
Society  of  Intensive  Care  Medicine,  along  with  representa-
tives  from  other  Scientific  Societies,  proposed  standardized
training  requirements  in ultrasound.11 Furthermore,  in  2016,
guidelines  on  the proper  use  of  general  and  cardiac  ultra-
sound  in  critically  ill  patients  were  published.12

Alongside  these  educational  proposals,  some Scientific
Societies  related  to  critical  care patients  are  developing

accreditation  programs  for  ultrasound  performance  in  Inten-
sive  Medicine.  Specifically,  SEMICYUC  has  recently  launched
an  ultrasound  accreditation  process  called  Eco-ACC.  This
process  involves  a first  phase  of  basic  general  ultrasound
accreditation  and a  subsequent  phase  of  advanced  accredi-
tation  in  different  types  of  ultrasound  modalities,  primarily
echocardiography,  pleuropulmonary  ultrasound,  and neur-
ocritical  patient  ultrasound.  These  accreditation  programs
are  crucial  to  ensure  a  high-quality  standard  of  care  for
critical  patients  in a safe  environment.

Another  aspect  of  interest  and  controversy  alike  is  the
uncertainty  surrounding  the application  of  ultrasound  in
critical  patients  and its impact  on  clinical  outcomes.  On  a
more  personal  level,  intensivists  who  perform  ultrasounds
undoubtedly  recall numerous  situations  where  findings  from
ultrasound  examinations  (cardiac  tamponade,  tension  pneu-
mothorax,  etc.)  and  subsequent  therapeutic  actions  have
saved  their  patients’  lives.  However,  in the clinical  stud-
ies  published  so  far, a  clear  positive  impact  of  ultrasound
on  the  clinical  course  of  critically  ill  patients  has  not  been
convincingly  proven  yet. The  studies  evaluating  the  impact
of  ultrasound  on  morbidity  and  mortality  are  highly  hetero-
geneous  in  terms  of  design,  quality,  population  included,
and  objectives,  which  complicates  drawing  reliable  and solid
conclusions.  Additionally,  many  intensivists  have added  the
ultrasound  to  their  routine  clinical  practice,  convinced  of  its
utility,  and  are not inclined  to  participate  in prospective  ran-
domized  studies.  The  observation  conducted  by  Mayo  et al.
on  the life-saving  capabilities  of  machines  at  the ICU  setting
is  intriguing.13 According  to  these authors,  the  3  require-
ments  for m̈achines,̈in  this case,  ultrasound  probes,  to save
lives  are:

- Well-designed  machines  adapted  to  the patient’s  clinical
situation.

-  Well-trained  operators  with  skills  in  critical  patient  ultra-
sound.

-  Operators  capable  of  effectively  applying  the  results
obtained  to  the routine  clinical  practice.

In  conclusion,  the addition  of  ultrasound  to  the  ICU
practice  has  brought  about  a  true r̈evolutionẗo our  routine
clinical  practice,  as  well  as  a paradigm  shift  to  multiple  diag-
nostic  and  therapeutic  processes  performed  on  critically  ill
patients.  The  impact  of  this ẗsunamïis  not  limited  to  the
clinical  setting.  It  profoundly  impacts  educational,  research,
and  innovation  aspects  as  well.  For  these  reasons,  Medicina

Intensive  Editorial  Committee  has  deemed  it  appropriate
to  publish  a series  of  updates  on ultrasound  with  a highly
practical  focus  on  clinical  application  in critical  care  units.

The  coordinators  of  this  ultrasound  update  series  have
enthusiastically  embraced  the  challenge  of  its  development
and  publication.  We  would  like to  express  our  gratitude  to
all  authors  of the  different  chapters  for  their  dedication,
commitment,  and  contribution  to  the project.  We  hope  that
the  series  will  help  intensivists  gain  a  better  understanding
on  the utilities  of  ultrasound  in patient  care  and encourage
its  use  in critical  care units.

To conclude,  we  shoult  mention  that  the  information  col-
lected  through  ultrasound  should always  be added,  together
with  other  elements,  to  the clinical  assessment  of  critically
ill  patients,  such  as  the  medical  history,  the physical  exam,
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imaging  and  lab  test  results,  and  information  from  other
hemodynamic  monitoring  systems.  Similarly,  the  ultrasound
still  requires  some  kind  of understanding  on  the  complex
pathophysiology  of  critically  ill  patients.  Like Layon  AJ used
to  say,  ".  . . a fool  with  a  tool  is still  a  fool."
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