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Abstract
Introduction:  Transthoracic  echocardiography  is  a  safe  and  readily  available  tool  for  noninvasive
monitoring  of  Cardiac  Output  (CO).  The  use  of  the  suprasternal  window  situated  at  the  sternal
notch can  be  an  alternative  approach  for  estimating  blood  flow.  The  present  study  aimed  to
compare two  methods  of  CO  calculation.  We  compared  the  descending  aorta  Velocity-Time
Integral  (VTI)  measurement  from  the  suprasternal  window  view  with  the  standard  technique  to
determine  CO  that  uses  VTI  measurements  from  the  LVOT  (Left  Ventricular  Outflow  Tract)  view.
We also  aimed  to  find  out  whether  after  basic  training  a  non-echocardiographer  operator  can
obtain reproducible  measurements  of  VTI  using  this  approach.
Methods:  In  the  first  part  of  the  study,  26  patients  without  known  cardiovascular  dis-
eases were  evaluated  and  VTI  data  were  acquired  from  the  suprasternal  window  by  a
non-echocardiographer  and  an  echocardiographer.  Next,  17  patients  were  evaluated  by  an
echocardiographer  only  and  VTI  and  CO  measurements  were  obtained  from  suprasternal  and
apical windows.  Data  were  analyzed  using  the  Bland  and  Altman  method  (BA),  correlation  and
regression.

Results: We  found  a  strong  correlation  between  measurements  obtained  by  a  non-expert  and  an

expert echocardiographer  and  detected  that  an  inexperienced  trainee  can  acquire  VTI  measure-
ments from  the  suprasternal  window  view.  Regarding  agreement  between  CO  measurements,
data obtained  showed  a  positive  correlation  and  the  Bland  and  Altman  analysis  presented  a
total variation  of  38.9%.

� Study conducted at the Hospital das Clínicas da Universidade Federal de Minas Gerais --- HC/UFMG.
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Conclusion:  Regarding  accuracy,  it  is  likely  that  TTE  (Transthoracic  Echocardiogram)  measure-
ments of  CO  from  the  suprasternal  window  view  are  comparable  to  other  minimally  invasive
techniques  currently  available.  Due  to  its  user-friendliness  and  low  cost,  it  can  be  a  convenient
technique for  obtaining  perioperative  hemodynamic  measurements,  even  by  inexperienced
operators.
© 2021  Sociedade  Brasileira  de  Anestesiologia.  Published  by  Elsevier  Editora  Ltda.  This  is  an
open access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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ardiac  Output  (CO)  is  essential  for  oxygen  supply  to  tis-
ues  and  CO  calculation  has  an  important  role  in  patient
anagement  during  anesthesia  and  critical  care.1,2 CO  mea-

urements  by  thermodilution  via  Pulmonary  Artery  Catheter
PAC)  is  the  most  frequently  used  technique  to  obtain  clini-
al  reference  and  comparative  values,2,3 albeit  randomized
tudies  in  critically  ill  patients  assessing  this  method  did  not
how  improvements  in  mortality.4---6 Furthermore,  the  risks
elated  to  the  technique  prompted  a  reduction  in  its  use,  and
urrently  clinicians  are  inclined  to  use  more  accurate  and
ess  invasive  methods  to  provide  hemodynamic  management
or  patients  undergoing  major  surgeries.3,7,8

To  date,  there  is  no  available  gold  standard  method
or  obtaining  noninvasive  or  minimally  invasive  measure-
ents  of  CO  due  to  the  lack  of  accuracy  and  precision

n  measurements.2,9 Among  the  methods  and  technolo-
ies  available  in  recent  years,  Doppler  echocardiography
Doppler-based)  has  been  a  valuable  tool  to  assess  and  quan-
ify  CO.  The  method  uses  the  principle  that  the  blood  flow
elocity  determined  by  Doppler  sound  waves  is  evenly  dis-
ributed  in  the  cross-sectional  area  of  the  vessel  it  passes
hrough.  Thus,  the  cross-sectional  area  times  the  mean  flow
elocity  (Velocity-Time  Integral  ---  VTI)  equals  the  volume
f  blood  that  passes  through  the  vessel  (Systolic  Volume  ---
V).3,10,11 When  this  volume  is  multiplied  by  the  heart  rate,
he  value  of  CO  is  obtained.

In clinically  stable  patients,  Doppler-based  CO  mea-
urements  performed  by  an  experienced  cardiologist  have
eliable  accuracy  when  compared  with  CO  measurements
sing  the  PAC  thermodilution  method.3,12---14 In  1984,  study-
ng  patients  without  stenotic  or  regurgitant  valve  injury,
ewis  et  al  validated  the  Doppler-based  determination  of
he  flow  in  the  Left  Ventricular  Outflow  Tract  (LVOT)  to  cal-
ulate  SV  and  CO.10 In  addition  to  providing  noninvasive
ardiac  output  determination,  this  tool  is  very  useful  for  ER
nd  ICU  practitioners,  as  they  can  proficiently  perform  basic
chocardiography  exams  to  assess  ventricular  function  and
uid  status  after  fairly  short  training  in  the  acquisition  and

nterpretation  of  images.15

Perioperatively,  the  standard  CO  measurement  using  the
VOT  cross-section  area  from  the  parasternal  long  axis  view,
ultiplied  by  the  VTI  of  the  LVOT  flow  obtained  from  the  5-

hamber  apical  window  is  not  practical  or  feasible,  because
f  patient  position  on  the  operating  table  and  the  pres-

16
nce  of  sterile  drapes. In  this  situation,  calculating  the
TI  of  the  descending  aorta  from  the  suprasternal  win-
ow  can  be  an  alternative  for  CO  determination.  Thus,
he  main  objective  of  this  study  was  to  compare  VTI  mea-
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urements  of  blood  flow  by  Doppler  ultrasonography  in
he  descending  aorta  from  the  suprasternal  window  of  the
ransthoracic  echocardiogram  with  VTI  measurements  of  the
VOT  flow,  which  is  the  standard  approach  for  measuring  CO.
e  believe  there  is  a  significant  correlation  between  the
easurements  obtained  from  both  windows  by  a  special-

zed  echocardiographer,  and  that  a  non-echocardiographer
perator  (3rdyear  anesthesiology  resident)  will  obtain  sat-
sfactory  CO  measurements  from  the  suprasternal  window,
fter  basic  training  comprising  a  12-h  practice  under  profes-
ional  guidance  and  performing  at  least  30  CO  measurements
n  15  different  volunteers.

ethods

election  of  participants

he  study  was  conducted  after  approval  of  the  Ethics  and
esearch  Committee  of  Hospital  das  Clínicas,  UFMG  CAAE
5997118.9.0000.5149.  Data  were  acquired  at  two  different
essions,  from  May  to  June  2019.  We  included  volunteers
ith  over  18  years  of  age,  from  both  sexes,  able  to  under-

tand  and  cooperate  during  all  phases  of  measurements.
e  excluded  subjects  presenting  history  of  cardiovascular
isease  and/or  previous  cardiac  surgery  and  offering  tech-
ical  impediments  to  perform  the  measurements  due  to
natomical  features  (one  participant  was  excluded  due  to
ilicone  implanted  prosthesis).  Eventually  we  included  26
olunteers  in  the  analysis  in  the  first  part  of  the  study,  in
hich  VTI  data  were  acquired  from  the  suprasternal  window
y  an  inexperienced  operator  and  by  a  specialist  echocar-
iographer.  In  the  second  part  of  the  study,  17  patients
ere  examined  only  by  the  specialized  echocardiographer
ith  VTI  and  CO  data  acquisition  from  the  suprasternal
nd  apical  windows.  During  all  ultrasound  measurements,
oninvasive  Blood  Pressure  (NIBP)  and  pulse  oximetry  were
onitored,  and  Heart  Rate  (HR)  and  mean  arterial  pressure
ere  recorded  by  an  Omni  612  monitor  manufactured  by
mnimed.

chocardiographic  Doppler  measurements

chocardiographic  data  were  acquired  using  the  US  Philips
piq  7  and  Philips  CX50  equipment  (Philips  Ultrasound  Sys-
ems,  Bothell,  WA)  and  a  2---5  MHz  sector  transducer.  In  the

rst  part  of  the  study,  measurements  were  performed  by
wo  operators  in  sequence,  one  specialized  echocardiogra-
her  with  extensive  experience  in  the  method  (ECO)  and  one
ithout  experience  (non-ECO).  Both  operators  acquired  VTI
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igure  1  Echocardiographic  image  with  the  suprasternal  wind
rom VTI  after  proper  alignment.

easurements  by  Continuous-Wave  Doppler  (CW)  from  the
uprasternal  window.  As  the  patient  was  in  a  supine  position,
his  window  was  considered  satisfactory  when  the  aortic
rch  image  was  captured  in  its  long  axis,  with  the  views  of
he  takeoff  of  the  innominate,  left  common  carotid  and  left
ubclavian  arteries.  In  the  second  part  of  the  study,  only  the
pecialized  echocardiographer  performed  measurements  of
TI  by  continuous-wave  Doppler  from  the  suprasternal  win-
ow  and  pulsed-wave  Doppler  in  LVOT  from  the  5-chamber
pical  window,  in  addition  to  the  measurement  of  the  LVOT
iameter  (LVOTd)  from  the  long  axis  parasternal  window,
ith  the  volunteer  in  the  left  lateral  position.  The  follow-

ng  equation  was  used  to  calculate  the  LVOT  cross-section
rea:  A  = 0.785  ×  (LVOTd).2 The  cardiac  output  value  was
alculated  in  the  classic  way,  that  is,  using  the  VTI  obtained
rom  LVOT  times  area  of  LVOT  times  heart  rate  at  the  time
f  the  exam,  as  in  the  equation:  CO  =  VTI  ×  A  ×  HR.  In
ddition,  cardiac  output  was  calculated  with  the  VTIs  from

he  suprasternal  window  using  the  area  value  obtained  from
VOT.  The  rationale  for  not  using  the  descending  aorta  diam-
ter  was  that  the  literature  has  documented  well  that  the
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aptured  by  an  inexperienced  operator.  Measurements  obtained

ateral  resolution  of  the  ultrasound  is  unfit  to  measure  the
iameter  of  the  descending  aorta.17

ata  analysis

ata  were  analyzed  using  SPSS  version  20  and  MedCalc
ersion  19.0.5.  The  normality  of  data  distribution  was  con-
rmed  using  a  Kolmogorov-Smirnov  test.  Data  are  reported
s  mean  ±  standard  deviation.

Pearson’s  correlation  coefficient  was  used  to  verify
he  association  among  variables.  To  analyze  the  agree-
ent  between  the  measurements  of  VTI  obtained  from  the

uprasternal  window  with  the  measurements  of  VTI  of  LVOT
btained  from  the  5-chamber  apical  view  we  used  the  Bland-
ltman  analysis,  a  scatter  plot  of  the  difference  between  the
eans  of  the  methods  in  relation  to  their  mean  and  standard
eviation.18 The  cardiac  output  estimated  with  the  measure-

ent  of  VTI  acquired  from  the  suprasternal  window  was  also

ubmitted  to  linear  regression  analysis.  The  level  of  signifi-
ance  adopted  was  5%  (p  <  0.05  was  considered  statistically
ignificant).  The  significance  of  the  sample  was  tested  a  pos-
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Table  1  Characteristics  of  patients  (mean  ±  standard
deviation).

Patient  Char-
acteristics

n =  26  n  =  17

Age  (years)  29  ±  6  30.71  ±  7.1
Height  (cm)  1.72  ±  0.09  1.72  ±  0.09
Weight  (Kg)  67.56  ±  11.35  68.44  ±  10.52
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Figure  2  Correction  plot  between  continuous  VTI  measure-
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Gender  (F/M)  12  (46.2%)  /
14  (53.8%)

7  (41.2%)  /
10  (58.8%)

eriori  by  the  GPower  software,  and  satisfactory  power  was
ound  (>  80%).

esults

able  1  shows  the  characteristics  of  the  volunteers  evalu-
ted  in  the  two  parts  of  the  study.  Column  1  shows  the
6  participants  evaluated  by  both  researchers  and  column

 shows  the  17  participants  evaluated  from  different  win-
ows  by  the  same  echocardiographer.  Cardiac  output  was
alculated  using  the  formula:  CO  =  VTI  ×  A  ×  FC  (where
TI  =  Integral  Velocity-Time;  A  =  vessel  cross-section  area;
R  =  Heart  Rate).  Figure  1  shows  an  example  of  an  image
aptured  from  the  suprasternal  window  by  an  inexperienced
perator  during  VTI  measurements.

The  r  correlation  between  VTI  measurements  obtained
y  the  two  operators  from  the  suprasternal  window  with  the
W  Doppler  was  0.85.  The  analysis  using  the  Bland  Altman
lot  indicated  an  error  percentage  of  27.3%  for  the  mea-
urements  made  with  the  CW  Doppler  with  a  95%  limit  of
greement,  between  3.7  cm  and  4.1  cm  (Fig.  2).

Regarding  agreement  of  the  VTIs  acquired  from  the  api-
al  and  suprasternal  windows,  the  sample  with  17  evaluated
articipants  showed  satisfactory  power.  The  r correlation
etween  VTI  at  LVOT  and  VTI  from  the  suprasternal  win-
ow  was  0.52.  The  Bland-Altman  analysis  showed  a  bias  of
.66  cm.s−1,  with  95%  limit  of  agreement,  between  0.79  cm
nd  12.11  cm  and  an  error  percentage  of  52.6%  (Fig.  3).

CO  was  calculated  using  the  measurement  of  VTI  from
he  suprasternal  window  with  the  CW  Doppler  and  the  cross-
ection  area  of  LVOT.  Then  this  CO  value  was  compared  to  the
tandard  determination  of  CO  from  LVOT.  The  r correlation
etween  both  determinations  was  0.78  with  adequate  signif-
cance,  and  the  regression  equation  obtained  was:  standard
O  =  587.58  +  0.68  ×  CW  suprasternal  CO.  The  Bland-
ltman  analysis  presented  bias  of  1459.3  mL  with  95%  limit
f  agreement,  between  428.2  mL  and  2490.4  mL  and  an  error
ercentage  was  38.9%  (Fig.  4).

iscussion

hen  a  new  technique  for  measurement  of  a  clinical  vari-
ble  is  introduced,  it  is  usually  compared  to  an  established
eference  technique.  Usually,  the  implementation  of  the
ew  technique  depends  on  its  degree  of  agreement  with  the

eference  technique  and  the  potential  benefits  offered  by
he  new  method.19 Our  study  revealed  that  that  the  limits  of
greement  (or  proportion  of  the  mean  CO  also  described  as
rror  percentage)  after  the  Bland  Altman  analysis  was  38.9%
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ents  performed  by  an  experienced  (ECO)  and  inexperienced
non-ECO)  operator.

hen  the  measurements  of  CO  obtained  with  echo  Doppler
rom  the  suprasternal  technique  was  compared  to  the  stan-
ard  technique  of  measurement  from  the  LVOT.  Critchley
nd  Critchley  established  that  the  variation  between  a  new
ethod  of  CO  measurement  and  the  reference  method  is

cceptable  if  the  limits  of  agreement  between  them  are
ess  than  30%.20 However,  although  Bland  Altman  is  a  use-
ul  tool  for  describing  the  limits  of  agreement  between  two
ethods  of  measurement,  conclusions  about  acceptability
etween  the  techniques  are  a  matter  of  opinion  and  not  just
cience.  Analytical  methods  for  comparing  CO  measurement
ools  need  to  go  beyond  that  approach  to  provide  insights
nto  the  role  of  technology  in  clinical  practice  and  decision
aking.21

Several  studies  have  revealed  that  the  existing  non-
nvasive  techniques  show  an  average  variation  of  CO
easurement  of  around  40%,2,8,9,12 and  consequently  they
o  not  meet  the  established  value.  Our  data  presented
alues  comparable  to  those  techniques.  In  addition,  Pey-
on  and  Chong  suggest  that  45%  could  be  the  acceptable
rror  percentage  for  CO  measurement,  which  is  a  more
ealistic  accuracy  expectation  in  clinical  practice.  They

lso  underscore  that  the  effectiveness  of  a  clinical  monitor
omprises  several  factors  in  addition  to  absolute  accuracy,
uch  as  safety,  convenience,  adaptability,  and  cost.8 Fur-
hermore,  during  perioperative  care,  from  the  viewpoint

6
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Figure  3  Correlation  and  Bland  Altman  between  VTIs  in  LVOT
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decisions.  Despite  the  large  number  of  studies  evaluat-
nd in  the  suprasternal  window  performed  by  an  echocardio-
raphic  operator.

f  decision  making  it  is  more  important  to  have  real-time
ccess  to  the  trend  of  the  measurement,  rather  than  a  sin-
le  isolated  measurement.  Real-time  tracking  of  CO  value
scillations  using  serial  measurements  is  undoubtedly  more
mportant  than  the  monitor’s  ability  to  provide  a single,
ccurate  measurement  under  stable  conditions.8 Analysis
f  the  suprasternal  VTI  for  CO  calculation  can  be  straight-
orward  and  can  provide  a  sequence  of  CO  measurements.
hus,  even  if  we  may  be  skeptical  about  one  absolute  value
eading,  this  technique  is  still  reliable  as  we  can  monitor  the
troke  volume  trend  and  the  effect  of  interventions  during
ntermediate  and  major  surgeries.

Standard  echocardiography  has  evolved  in  recent  years
nd  with  the  development  of  compact,  portable,  and  high-
uality  devices,  it  can  now  be  performed  at  any  site.22 This
onitoring  is  a  new  concept  that  has  gained  acceptance  in

everal  areas,  comprising  cardiology,  emergency  medicine,
nesthesiology,  obstetrics,  and  critical  care.  TTE  (Transtho-
acic  Echocardiogram)  has  been  used  in  several  steps  of  the
ecision-making  process  during  patient  management  and,
herefore,  an  increased  number  of  anesthesiologists  are  get-
ing  TTE  training  and  using  it  in  their  routine  practice.19,22,23

equential  assessment  of  vital  parameters  perioperatively
mpacts  anesthetic  management.  The  more  feasible  and
vailable  the  technique,  the  greater  the  ease  and  safety  in

anaging  critically  ill  patients.  Bergamaschi  et  al  revealed

hat  physicians  that  were  working  at  an  ICU  and  were  not
ardiologists,  after  brief  training  on  how  to  operate  the  echo

i
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igure  4  Correlation  and  Bland  Altman  between  classic  con-
inuous  CO  and  suprasternal  window.

oppler  device  and  determine  VTI,  were  able  to  accurately
alculate  CO  of  ICU  patients  under  mechanical  ventilation.15

ikewise,  our  data  found  that  the  inexperienced  operator,
fter  basic  training,  was  able  to  estimate  the  value  of  VTI
nd  CO  quickly  and  accurately  in  patients  without  cardiovas-
ular  disorder.  Thus,  an  anesthesiologist,  after  a  relatively
hort  standard  TTE  training,  might  be  able  to  properly  obtain
easurements  from  the  suprasternal  window.  On  the  other

and,  as  echocardiography  is  used  to  guide  therapeutic  deci-
ions,  one  must  consider  the  existence  of  inter-observer
easurement  variability  and  strive  for  technical  excellence

o  provide  accurate  measurements.24

The  thermodilution  inference  method,  previously  widely
sed  as  a  standard  technique  for  CO  measurement,  does  not
eflect  the  real  CO,  as  there  are  inherent  errors  of  accu-
acy  and  precision  (10---20%)  due  to  fluctuations  in  CO  during
he  breath  cycle,  in  addition  to  technique  limitations.19,25,26

hus,  the  search  for  alternatives  for  less  invasive  hemo-
ynamic  monitoring  intensifies  every  day  and  numerous
onitors  have  already  been  developed.  Nevertheless,  when

valuating  the  role  of  new  devices  for  calculating  CO  in  clin-
cal  settings,  the  cornerstone  question  to  be  answered  is
hether  the  new  device  replacing  the  thermodilution  CO
etermination  can  be  used  to  provide  guidance  for  clinical
ng  new  CO  devices,  few  have  answered  this  fundamental
uestion.21 In  addition,  another  question  to  be  considered  is
hether  these  CO  monitors  would  positively  change  patient
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linical  outcomes  rather  than  only  delivering  measurements
hat  would  not  modify  patient  management.  The  ideal  mon-
tor  should  be  non-invasive  or  minimally  invasive,  provide
ccurate  and  reproducible  readings,  have  favorable  limits
f  agreement  when  compared  to  PAC,  be  dependable  under
ifferent  physiological  conditions  and  be  affordable.  Finally,
t  should  offer  continuous  measurements  and  have  the  abil-
ty  to  assess  the  impact  of  therapeutic  interventions  (e.g.,
emodynamic  response  to  administered  fluids  or  vasoactive
rugs).  Thus  far,  no  device  has  met  all  these  criteria,27 so  it
s  necessary  to  keep  studying  patients  in  which  CO  monitor-
ng  is  crucial  to  determine  the  range  of  values  in  which  an
ntervention  would  or  would  not  be  well  recommended.  The
mpact  of  these  decisions  on  patient  outcome  is  the  major
ssue  and  will  require  the  development  of  further  protocols
ased  on  studies  involving  larger  patient  populations.21

The  limitations  of  our  work  are  the  small  sample  size,  the
etermination  from  the  window  is  investigator  dependent  as
t  requires  basic  and  continuous  training  in  the  technique,
nd  even  though  most  studies  used  PAC  measurements  as

 reference  and  assessed  the  method  under  anesthesia  our
tudy  lacks  PAC  measurements  because  we  evaluated  only
ealthy  and  awake  participants.  In  addition,  although  the
easurement  of  the  diameter  in  the  descending  aorta  is  not

ppropriate,  the  diameter  measurement  in  the  LVOT  is  not
he  ideal  site  to  perform  the  calculation  of  CO  when  using
TI  in  the  descending  aorta  from  the  suprasternal  window.

In  conclusion,  our  data  indicate  that  measurements  of
O  by  TTE  from  the  suprasternal  window  are  comparable
o  other  minimally  invasive  techniques  currently  available.
ue  to  its  user-friendliness,  low  cost,  capability  to  deliver
eliable  measurements  enabling  to  monitor  trends  in  stroke
olume  and  the  effect  of  interventions  such  as  admin-
stration  of  fluids  and  inotropic  and  vasoactive  drugs,  it
an  be  considered  a  suitable  perioperative  technique  for
cquiring  hemodynamic  parameters  and  calculating  CO,
ncluding  inexperienced  operators.  Additional  investigations
ith  larger  samples  should  be  carried  out  to  complement
nd  further  validate  our  data.
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