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Abstract
Background:  Adequate  preoperative  fasting  is  critical  in  preventing  pulmonary  aspiration  of
gastric content.  We  proposed  to  study  the  sonographic  gastric  content  dynamics  after  the  inges-
tion of  liquid  or  solid  food  in  healthy  volunteers  and  confront  it  with  current  guidelines  for
preoperative  fasting  times.
Methods:  We  performed  a  prospective,  crossover,  evaluator-blinded  study  involving  17  healthy
volunteers  of  both  sexes.  Each  participant  fasted  for  10  h  and  was  subjected  to  a  baseline
gastric ultrasound,  intake  of  400  mL  of  coconut  water  or  a  145  g,  355  kcal  meat  sandwich,  and
sonographic  gastric  evaluations  after  10  min  and  every  hour  until  the  stomach  was  completely
empty.
Results: At  baseline,  all  subjects  had  an  empty  stomach.  At  10  min,  gastric  content  [mean
+ standard  deviation  (SD)]  was  240.4  +  69.3  and  248.2  +  119.2  mL  for  liquid  and  solid  foods,
n  +  SD  gastric  emptying  times  were  2.5  +  0.7  and  4.5  +  0.9  h  for  liquid
ly  (p  <  0.001).  For  the  drink,  the  stomach  was  completely  empty  in
ts  after  two  and  four  hours,  and  for  the  sandwich,  65%  and  100%  of

 seven  hours,  respectively.
respectively  (p  >  0.05).  Mea
and solid  foods,  respective
59% and  100%  of  the  subjec
the subjects  after  four  and
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Conclusions:  Sonographic  gastric  dynamics  for  coconut  water  and  a  meat  sandwich  resulted
in complete  gastric  emptying  times  higher  and  lower,  respectively,  than  those  suggested  by
current guidelines  for  preoperative  fasting.
© 2018  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/).

PALAVRAS-CHAVE
Ultrassom;
Conteúdo  gástrico;
Dinâmica  gástrica;
Jejum  pré-operatório

Dinâmica  ultrassonográfica  dos  volumes  do  conteúdo  gástrico  após  a  ingestão  de  água
de  coco  ou  sanduíche  de  carne.  Um  estudo  cruzado  controlado  e  randômico  com
voluntários  saudáveis

Resumo
Justificativa:  O  jejum  pré-operatório  adequado  é  fundamental  para  prevenir  a  aspiração  pul-
monar do  conteúdo  gástrico.  Nossa  proposta  foi  avaliar  a  dinâmica  ultrassonográfica  do  conteúdo
gástrico  após  a  ingestão  de  alimentos  líquidos  ou  sólidos  em  voluntários  sadios  e  confrontá-la
com as  diretrizes  atuais  para  os  períodos  de  jejum  no  pré-operatório.
Métodos:  Um  estudo  prospectivo,  cruzado  e  avaliador-cego  foi  feito  com  17  voluntários
saudáveis  de  ambos  os  sexos.  Cada  participante  jejuou  por  10  horas  e  foi  submetido  a  uma
ultrassonografia  gástrica  na  fase  basal,  ingestão  de  400  mL  de  água  de  coco  ou  355  g  de  san-
duíche de  carne  e  avaliações  gástricas  ultrassonográficas  foram  feitas  após  10  minutos  e  a  cada
hora até  o  estômago  estar  completamente  vazio.
Resultados:  Na  fase  basal,  todos  os  participantes  estavam  com  o  estômago  vazio.  Aos  10  minu-
tos, o  conteúdo  gástrico  [média  +  desvio  padrão  (DP)]  foi  de  240,4  +  69,3  e  248,2  +  119,2  mL
para alimentos  líquidos  e  sólidos,  respectivamente  (p  >  0,05).  Os  tempos  médios  de  esvazia-
mento gástrico  +  DP  foram  de  2,5  +  0,7  e  4,5  +  0,9  horas  para  alimentos  líquidos  e  sólidos,
respectivamente  (p  <  0,001).  Para  a  bebida,  o  estômago  ficou  completamente  vazio  em  59%  e
100% dos  sujeitos  após  duas  e  quatro  horas;  para  o  sanduíche,  o  estômago  ficou  completamente
vazio em  65%  e  100%  dos  sujeitos  após  quatro  e  sete  horas,  respectivamente.
Conclusões:  A  dinâmica  ultrassonográfica  do  volume  gástrico  para  água  de  coco  e  sanduíche  de
carne resultou  em  tempos  totais  de  esvaziamento  gástrico  maiores  e  menores,  respectivamente,
do que  os  sugeridos  pelas  diretrizes  atuais  para  o  jejum  pré-operatório.
© 2018  Sociedade  Brasileira  de  Anestesiologia.  Publicado  por  Elsevier  Editora  Ltda.  Este é  um
artigo Open  Access  sob  uma  licença  CC  BY-NC-ND  (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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Introduction

Literature  has  shown  that  long  periods  of  preoperative
fasting  are  unpleasant,  as  patients  may  experience  thirst,
hunger,  anxiety,  postoperative  nausea  and  vomiting,  sleepi-
ness  and  tiredness.1-4 Considering  that  major  complications
and  deaths  directly  related  to  anesthesia  are  rare,5 and
perioperative  mortality  in  patients  from  low-,  -middle-  and
high-income  countries  may  be  considered  very  low,6 qual-
ity  indicators  in  anesthesia  and  perioperative  medicine  may
consider  not  only  the  surgical  results  but  all  those  other
aspects  of  patients’  perioperative  experiences.

On  the  other  hand,  anesthesiologists  will  inevitably  be
concerned  about  gastric  content  at  the  induction  of  anes-
thesia  due  to  the  severe  effects  of  pulmonary  aspiration.7,8

Proper  preoperative  fasting  is  critical  for  preventing  this
adverse  event.9---11 Several  studies  have  sought  to  establish

the  appropriate  duration  of  preoperative  fasting  to  minimize
pulmonary  aspiration  risk  at  the  induction  of  anesthesia.11---13

Current  guidelines  from  American  Society  of
Anesthesiologists14 and  European  Society  of  Anesthesiology15

c
h
a
r

uggest  that  clear  liquids  may  be  ingested  for  up  to  2  h
efore  procedures  requiring  general  anesthesia,  regional
nesthesia,  or  procedural  sedation  and  analgesia.  Clear
iquids  involve  water,  fruit  juices  without  pulp,  carbonated
everages,  carbohydrate-rich  nutritional  drinks,  clear  tea,
lack  coffee  and  should  not  include  alcohol.  They  recom-
end  that  a  light  meal  or  nonhuman  milk  may  be  ingested

or  up  to  6  h  before  elective  procedures  requiring  any  kind
f  anesthesia,  sedation  and  analgesia  and  that  additional
asting  time  (eight  or  more  hours)  may  be  needed  in  cases
f  patient  intake  of  fried  foods,  fatty  foods,  or  meat.

Considering  these  guidelines,  it  is  clear  that  there  are
everal  options  for  liquid  and  solid  meals  to  be  drunk  and
aten  at  the  preoperative  period.  Coconut  water  is  a  tasty
nd  very  popular  drink  in  several  tropical  countries.  We
onsider  it  an  option  as  a  preoperative  drink,  being  a  car-
ohydrate  and  also  a  very  economical  drink.  We  are  also

onsidering  a  meat  sandwich  as  a  preoperative  meal  for
ealthy  patients  undergoing  minor  or  medium  surgeries,
ccording  to  the  preoperative  fasting  time  suggested  by  cur-
ent  guidelines.
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As  ultrasound  has  become  an  option  for  evaluating  qual-
tatively  and  quantitatively  preoperative  gastric  content,
eing  a  non-invasive,  inexpensive  and  safe  method,16,17 we
roposed  to  evaluate  the  ultrasound  gastric  content  dynam-
cs  after  the  ingestion  of  either  coconut  water  or  a  meat
andwich  in  healthy  volunteers  as  possible  sources  of  nutri-
nts  to  be  given  to  healthy  patients  during  the  preoperative
eriod.  The  secondary  objective  was  to  confirm  or  confront
he  minimum  fasting  time  required  for  adequate  gastric
mptying  for  liquid  and  solid  foods,  according  to  the  sug-
estion  of  current  guidelines.

ethods

fter  the  registration  in  Platform  Brazil  on  October  8,  2014,
nder  the  number  CAAE  37137014.9.0000.5550,  and  the
pproval  by  the  Research  Ethics  Committee  of  the  Ophir
oyola  Hospital,  this  study  was  conducted  from  February  to
uly,  2015,  in  volunteers  who  were  properly  informed  about
he  procedures  and  their  risks,  complied  with  the  estab-
ished  procedures  and  signed  the  informed  consent  form.
he  abdominal  ultrasound  examination  was  performed  in  the
adiology  and  Diagnostic  Imaging  Unit  of  the  Ophir  Loyola
ospital.

This  is  a  prospective,  crossover  study,  with  voluntary
articipants  aged  between  18  and  50  years,  classified  as
hysical  status  1  or  2,  according  to  the  American  Soci-
ty  of  Anesthesiologists  (ASA).  Exclusion  criteria  were
he  presence  of  any  medical  condition  that  could  delay
astric  emptying:  body  mass  index  ≥35  kg  m−2;  diabetes;
astritis;  gastroesophageal  reflux  disease;  pyloric  stenosis;
hronic  renal  failure;  achalasia;  Zenker’s  diverticulum;  mul-
iple  myeloma;  systemic  lupus  erythematosus  and  other
ollagenosis;  pregnancy;  any  previous  surgery  at  the  gas-
rointestinal  system;  and  others.  Participants  were  advised
o  not  drink  alcoholic  beverages  in  the  24  h  before  the
tudy.

Seventeen  volunteers  were  evaluated  twice,  in  differ-
nt  days  with  a  gap  of  at  least  7  days,  one  time  for  the
iquid  ingestion  and  one  time  for  the  solid  food  ingestion,
ccording  to  the  following  protocol:  the  day  before  the
xamination,  the  volunteers  at  the  last  meal  at  10  pm,  which
as  10  h  before  baseline  evaluation.  All  the  subjects  were

hen  submitted  to  a  gastric  ultrasound  evaluation  by  the
adiologist  (baseline)  and  were  conducted  to  an  appropri-
te  room  where  they  were  assigned  by  draw,  according  to
ealed  opaque  envelopes,  to  drink  or  eat  the  standard  bever-
ge  or  meal,  respectively.  The  standard  liquid  consumed  was
wo  pre-packaged  coconut  water  of  200  mL  (total  of  400  mL)
hat  contained,  per  package  of  200  mL,  45  kcal  (189  kJ),  11  g
f  carbohydrates,  45  mg  of  sodium  and  300  mg  of  potassium
Sococo  S.A.  Indústrias  Alimentícias,  Maceió/AL,  Brazil).  The
tandard  solid  food  was  a  145  g  pre-packaged  meat  sand-
ich  (Hot  pocket  X-burguer)  containing  355  kcal  with  the

ollowing  composition:  34  g  of  carbohydrates,  19  g  of  pro-
ein,  17  g  of  total  fat,  6.6  g  of  saturated  fat,  0.5  g  of  trans
at,  1.7  g  of  dietary  fiber  and  858  mg  of  sodium  (Sadia,  S.A.,

ão  Paulo/SP,  Brazil).  The  investigators  provided  both  foods
o  the  volunteers.  After  the  ingestion  of  the  foods,  the  volun-
eers  were  conducted  to  the  examination  room  where  they
ere  blinded  evaluated  by  the  radiologist,  who  performed
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he  ultrasound  gastric  examination  after  10  min  and  every
our  until  the  stomach  was  considered  completely  empty.

In  all  volunteers  and  all  the  times,  a  single  radiologist
f  the  hospital  who  was  properly  certified  and  experienced
n  abdominal  ultrasound  examination  performed  the  sono-
raphic  examinations.  The  examiner  was  unaware  of  the
asting  time,  the  type  of  food  consumed  by  the  study  par-
icipant  and  the  time  points  of  the  study.  The  ultrasound
achine  was  a  Logiq  P6  (GE  Healthcare,  Little  Chalfont,
nited  Kingdom)  and  images  were  obtained  using  a  2---6  MHz
onvex  probe.  After  the  examination,  the  radiologist  used

 form  designed  for  the  study  to  record  the  volume  of  the
astric  contents  and  their  physical  (texture)  characteristics.
ach  ultrasound  was  conducted  in  approximately  2  min  and
o  more  than  three  volunteers  were  scheduled  for  an  exam
er  day  to  ensure  compliance  with  the  protocol.  All  volun-
eers  adopted  the  right  lateral  decubitus  position  during  the
xamination.

To  estimate  the  gastric  content,  the  cross-sectional  area
f  the  gastric  antrum  was  determined,  according  to  the
ormula  employed  by  Bolondi  and  collaborators,  which  rep-
esents  the  area  of  an  ellipse  in  cm2:  CSA  =  (AP  ×  CC  ×  �)/4,
here  CSA  (cross-sectional  area)  is  the  area  of  the  ellipse,
P  is  the  anteroposterior  diameter  (cm)  and  CC  is  the  cran-

ocaudal  diameter  (cm).18 The  image  of  the  gastric  antrum
as  obtained  in  the  sagittal  plane  of  the  epigastric  region

n  the  area  contiguous  to  the  edge  of  the  left  liver  lobe  and
t  the  level  of  the  aorta.19,20

To  estimate  gastric  content  volumes  (mL),  the  two-
imensional  measurement  of  the  CSA  obtained  by  ultrasound
as  transformed  into  a  three-dimensional  measurement.  For

his  purpose,  the  researchers  used  the  mathematical  model
alidated  by  Perlas  and  collaborators:  volume  (mL)  =  27  +
14.6  ×  CSA)  −  (1.28  ×  age).21

With  the  purpose  of  establishing  a  possible  ‘‘risk  stom-
ch’’,  we  also  calculated  the  volume  of  the  gastric  content
n  the  basis  of  the  volunteers’  weight  and  assumed  that
.8  mL.kg−1 would  characterize  a  higher  risk  for  pulmonary
spiration.17

tatistical  analysis

he  sample  size  was  calculated  considering  a  difference  in
astric  volume  1  h  after  the  intake  of  liquid  or  solid  food.
ith  a  difference  of  90  mL  and  a  standard  deviation  of  72  mL,

 power  of  95%  and  ˛  equal  to  0.05,  17  subjects  in  each
ntervention  would  be  necessary  for  the  study.

The  statistical  analysis  of  the  crossover  design  included
he  effect  of  the  treatment  application  sequence,  treat-
ent  application  order  and  their  residuals.  The  variables

valuated  were  volume  (mL),  emptying  time  and  the  gas-
ric  volume  on  the  basis  of  the  volunteers’  weight.  When
ossible,  the  Student  t-test  was  used  to  compare  the  inter-
entions  at  each  evaluation  time.  The  software  SAS,  version
.3,  was  used  for  the  analysis.

esults
n  total,  19  volunteers  agreed  to  participate  in  the  study.
ne  was  excluded  due  to  hypothyroidism  and  another  due
o  post-bariatric  surgery.  Thus,  the  sample  consisted  of  17
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Table  1  The  volunteers  considered  for  the  calculation  at  each  time  point  are  presented  as  n  (%).  Gastric  volume  (mL)  and  the
ratio between  gastric  volume  to  volunteers’  weight  (mL.kg−1)  for  each  evaluation  time  point.  Data  are  presented  as  mean  ±
standard deviation.

After  10  h
Fasting
(Baseline)

Time  After  Ingestion  (minutes  and  hours)

10  min  1  h  2  h  3  h  4  h  5  h  6  h

Volunteers’s/Coconut
water

17  (100%)  17  (100%)  17  (100%)  7  (41%)  2  (12%)

Gastric  volume  Empty  240.4  ±  69.3  91.4  ±  63.2a 35.3  ±  24.1a 15.1  ±  6.3a Empty  ---  ---
Gastric
volume/weight

3.60 ±  1.35  1.35  ±  0.96 a 0.50  ±  0.32 a 0.23  ±  0.06  Empty  ---  ---

Volunteeres’s/Meat
sandwich

17 (100%) 17  (100%)  17  (100%)  17  (100%)  16  (94%)  6  (35%)  2  (12%)  1  (6%)

Gastric volume  Empty  248.2  ±  119.2  180.0  ±  66.8  115.5  ±  47.6  50.4  ±  27.0  43.8  ±  14.2  43.8  ±  10.2  35.9
Gastric
volume/weight

3.86 ±  2.47  2.68  ±  1.31  1.67  ±  0.59  0.77  ±  0.43  0.72  ±  0.32  0.82  ±  0.16  0.65
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Gastric emptying: meat sandwich
a p < 0.001, comparison inter interventions.

volunteers,  of  which  15  were  classified  as  ASA  1  and  two  as
ASA  2,  with  nine  male  and  eight  female  participants.  The
mean  ±  standard  deviation  values  for  age,  weight,  height
and  body  mass  index  were,  respectively,  28.3  ±  3.5  years,
69.8  ±  15.7  kg,  166.9  ±  7.8  cm  and  24.8  ±  4.0  kg  m−2.

The  values  for  gastric  content  and  volumes  are  presented
in  Table  1.  All  volunteers  had  the  stomach  completely  empty
at  baseline.  The  radiologist  was  capable  of  correctly  affirm
whether  the  gastric  content  was  liquid  or  solid  in  100%  of  his
examinations.  From  4  h  on,  the  radiologist  was  only  capable
of  measuring  gastric  volume  for  the  solid  food.  Thus,  the
stomach  was  considered  to  be  empty  of  the  liquid  ingested
by  the  volunteer  and  the  ultrasound  was  no  longer  per-
formed.  Six  hours  after  the  ingestion,  only  one  volunteer
had  gastric  residue  after  ingesting  solid  food  (Figs.  1  and  2,

respectively).

The  mean  ±  standard  deviation  values  for  time  of  com-
plete  gastric  emptying  were  2.5  ±  0.7  h  for  the  drink  and
4.5  ±  0.9  for  the  solid  meal,  respectively  (p  <  0.001).
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Figure  1  Gastric  volume  (mL)  after  the  ingestion  of  coconut
water,  400  mL,  according  to  ultrasonographic  evaluation  in  17
health volunteers.

Figure  2  Gastric  volume  (mL)  after  the  ingestion  of  a
standard  meat  sandwich  according  to  ultrasonographic  evalu-
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iscussion

astric  ultrasound  has  been  considered  an  easy  and  fast  way
f  measuring  gastric  volume  and  emptying.22 With  these  lat-
er  purposes,  it  has  been  compared  to  other  methods  such  as
reathing  test,23 scintigraphy24 and  the  direct  measurement
f  gastric  content  by  aspiration21 and  has  showed  a  good  cor-
elation.  Furthermore,  the  individual  learning  curve  is  short,
nd  24  and  33  are  the  suggested  average  number  of  cases
eeded  to  achieve  90%  and  95%  accuracy,  respectively.25

In  the  present  study  with  healthy  subjects,  according  to
 sonographic  evaluation,  we  firstly  observed  that  the  stom-
ch  was  completely  empty  after  a  10  h  period  of  fasting.
e  understand  that  this  information  is  not  new  and  is  in

ccordance  with  what  has  been  observed  in  healthy  sub-
ects  fasting  for  a  similar  period  of  time.26 On  the  other

and,  despite  the  belief  that  preoperative  fasting  reduces
he  risk  of  pulmonary  aspiration,  evidence  is  inconclusive27
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r  even  contrary  to  this  fact,  when  fasting  is  considered  an
ndependent  risk  factor.28

Ten  minutes  after  drinking  400  mL  of  a  carbohydrate-
omposed  drink,  the  sonographic  determination  of  the
astric  content  resulted  in  a  mean  volume  lower  than  the
ngested  volume.  Considering  that  ultrasound  provides  an
ccurate  measure  of  the  gastric  content  and  volume,  the
ifference  between  the  ingested  volume  and  the  gastric  vol-
me  may  be  attributed  to  a  very  fast  initial  gastric  emptying
f  this  kind  of  drink.

Another  important  observation  is  that  2  h  after  the  inges-
ion  of  the  liquid,  10  subjects  (59%)  had  their  stomach
mpty.  On  the  other  hand,  2  subjects  (12%)  at  3  h  after  drink-
ng  still  had  some  liquid  in  their  stomachs  as  detected  by  the
ltrasound.  Even  though  the  mean  time  for  complete  gastric
mptying  after  coconut  water  ingestion  was  two  and  a  half
ours;  that  after  2  h  only  41%  of  the  subjects  still  had  liq-
id  in  their  stomachs;  and  that  the  ‘‘risk  stomach’’  (gastric
olume  >0.8  mL.kg−1)  was  not  seen  neither  2  nor  3  h  after
he  ingestion,  a  very  conservative  and  safe  analyses  would
ecommend  that  preoperative  fasting  for  a  carbohydrate-
omposed  drink,  or  specifically  coconut  water,  thinking  of
educed  risk  of  pulmonary  aspiration,  should  be  4  h.

The  analysis  of  the  gastric  emptying  after  the  ingestion
f  the  sandwich  showed  that,  after  10  min,  the  sandwich
eighting  145  g  resulted  in  a  gastric  volume  that  was  appar-
ntly  higher  than  that  related  to  the  sandwich  itself.  This
an  be  justified  by  an  increase  in  gastric  juice  secretion
rompted  by  the  meal.29 After  4  and  5  h,  65%  and  88%  of
he  subjects  had  their  stomachs  empty.  The  mean  time  for
omplete  gastric  emptying  was  four  and  a  half  hours.  On  the
ther  hand,  the  mean  values  of  the  gastric  volume  on  the
asis  of  the  subjects’  weights  were  0.72  (4  h)  and  0.82  (5  h),
ay  not  be  completely  safe  regarding  the  possibility  of  pul-
onary  aspiration.  Yet,  6  h  after  eating  the  sandwich,  one

olunteer  had  some  content  in  his/her  stomach.  The  analy-
is  of  the  ‘‘risk  stomach’’  would  consider  this  content  as  low
isk  (0.65  mL.kg−1)  for  pulmonary  aspiration.  Nonetheless
nd  again,  a  very  conservative  analysis  would  recommend
hat  preoperative  fasting  for  this  kind  of  sandwich  would  be

 h.  This  is  shorter  than  the  preoperative  fasting  time  rec-
mmended  by  the  current  guidelines  for  a  meal  containing
eat.
Some  arguments  have  been  presented  in  favor  of  a

educed  preoperative  fasting  time:  increased  patients’
atisfaction30,31;  a  preoperative  ingestion  of  a  carbohydrate-
ich  drink  increases  the  gastric  pH,  does  not  increase  gastric
esidue  volumes32,33 and  decreases  insulin  resistance  pre-
erving  muscle  metabolism  and  strength.34 When  fasting
s  associated  with  bowel  preparation  for  colonic  surgery,
here  is  also  a  chance  of  intravascular  volume  depletion.35

he  protocols  for  enhanced  recovery  after  surgery  have
uggested  a  reduced  preoperative  fasting  period  and  car-
ohydrate  and  protein  ingestion.36,37

Ultrasound  can  be  used  to  quantitatively  and  qualita-
ively  assess  the  gastric  content  in  an  accurate,  fast  and
ractical  manner  that  does  not  harm  the  patient.38 In  the
resent  study,  the  radiologist  was  unaware  of  the  food

ngested  by  the  volunteer  and  was  capable  of  describing  cor-
ectly  the  type  of  food  ingested,  i.e.,  liquid  or  solid.  Based
n  this  information,  a  trained  anesthesiologist  performing  a
edside  test  could  determine  the  best  time  to  induce  the

h
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nesthesia  and  the  most  suitable  induction  technique  for
he  patient  in  question.  In  fact,  Perlas  and  collaborators
uggested  an  algorithm  to  stratify  the  risk  of  pulmonary  aspi-
ation  based  on  sonographic  gastric  evaluation  and  the  most
ppropriate  anesthetic  approach  for  an  individual  case.39

We  chose  coconut  water  to  be  studied  because  it  is
conomical  and  has  higher  energy  content,  thus  possibly  pro-
iding  comfort  and  satiety  to  the  patients,  similarly  to  other
arbohydrate-rich  drinks.  As  expected,  in  our  study,  a  much
aster  gastric  emptying  occurred  with  the  coconut  water
s  compared  to  the  meat  sandwich.  Nonetheless,  thinking
f  the  lowest  chance  of  bronchoaspiration,  4  h  were  neces-
ary  to  have  all  the  subjects  with  the  stomach  completely
mpty.  In  a  more  liberal  approach  and  also  in  accordance
ith  the  literature  and  the  possible  individual  variation,40

 h  after  the  ingestion  of  400  mL  of  coconut  water  could
e  considered  a  low-risk  fasting  time  regarding  pulmonary
spiration.

Considering  the  meat  sandwich  that  we  chose  to  study,
eighting  145  g  and  containing  355  kcal,  according  to  cur-

ent  guidelines,  a period  of  fasting  of  8  h  would  be  necessary
o  warrant  gastric  emptying  and  decrease  the  risk  of
ronchoaspiration.  Nonetheless,  the  mean  time  for  gastric
mptying  was  four  and  a  half  hours  but  only  after  7  h  all
he  individuals  have  their  stomach  completely  empty.  Again,
ndividual  variation  was  seen,  similarly  to  what  happened
ith  the  coconut  water.  Four  hours  were  enough  for  65%  of

he  individuals  to  have  their  stomach  completely  empty.
For  comparison,  Tougas  and  collaborators  evaluated  gas-

ric  emptying  by  scintigraphy  in  healthy  subjects  and  verified
hat,  after  ingesting  a  low-fat  meal  with  a  caloric  value
qual  to  255  kcal,  4  h  warranted  gastric  empty  in  more  than
0%  of  the  individuals.41 Bolondi  and  collaborators  studied
astric  emptying  in  both  asymptomatic  and  dyspeptic  sub-
ects  after  the  ingestion  of  an  800  cal-Italian  food,  including
asta  with  tomato  sauce  and  300  mL  of  water.  They  veri-
ed  complete  gastric  emptying  in  all  healthy  subjects  and

n  all  symptomatic  subjects  after  approximately  four  and
alf  hours  and  8  h,  respectively.18

Even  though  we  found  differences  in  the  gastric  empty-
ng  in  the  healthy  subjects  for  both  the  drink  and  the  solid
ood,  we  think  that  the  crossover  design  of  our  study  reduced
he  possibility  of  more  individual  variations,  ensuring  homo-
eneity  of  the  sample  and  for  the  comparison  between
he  two  interventions.  As  expected,  gastric  emptying  was
uch  faster  after  ingestion  of  coconut  water  than  the  sand-
ich.  Our  results  are  in  accordance  with  the  literature  but
e  think  that  the  anesthesiologist  who  is  planning  his/her
nesthesia  should  always  consider  the  possibility  of  indi-
idual  variation,  even  in  healthy  subjects.  For  this  reason,
ltrasound  may  be  a  powerful  resource  to  help  the  anesthe-
iologist  to  make  his/her  best  decision.

A  limitation  of  our  study  is  that  we  studied  healthy  vol-
nteers  not  undergoing  any  surgical  procedure.  Thinking
f  preoperative  fasting  and  the  risk  of  bronchoaspiration,
esearchers  should  consider  the  study  of  patients  who  would
e  in  this  scenario  as  perioperative  stress  may  influence
hysiological  behavior.
Considering  that  a  residual  gastric  volume  equal  to  or
igher  than  0.8  mL.kg−1 is  a  ‘‘risk  stomach’’  for  pulmonary
spiration,  we  concluded  that  2  h  after  the  ingestion  of
00  mL  of  coconut  water  would  be  safe  and  in  accordance
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with  current  guidelines  for  preoperative  fasting,  even
though  the  stomach  may  not  be  completely  empty.  Like-
wise,  6  h  after  the  ingestion  of  a  355  kcal  meat  sandwich
would  be  safe,  considering  the  residual  gastric  volume,  as  a
preoperative  fasting  time.  This  period  of  time  is  shorter  than
that  suggested  by  current  guidelines,  for  this  kind  of  meal.
Nonetheless,  according  to  the  clinical  situation  and  patients’
characteristics,  individual  variation  may  be  a  concern.

Studies  in  real  clinical  situations  are  necessary  to  vali-
date  this  information  and  also  enable  the  clinical  application
of  ultrasound  for  evaluation  of  the  gastric  content  immedi-
ately  before  the  induction  of  anesthesia,  which  would  help
anesthesiologists  decide  whether  to  postpone  the  anesthetic
induction  and  choose  the  most  appropriate  technique  at  the
time.
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