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Abstract
Background:  Postoperative  nausea  and  vomiting  (PONV)  are  major  complications  after  general
anesthesia.  Although  various  pathways  are  involved  in  triggering  PONV,  hypotension  plays  an
important  role.  We  hypothesized  that  intraoperative  hypotension  during  general  anesthesia
might be  responsible  for  the  incidence  of  PONV.
Methods:  We  retrospectively  investigated  patients  who  underwent  thyroidectomy.  The  initial
blood pressure  measured  before  induction  of  anesthesia  was  used  as  the  baseline  value.  The
systolic blood  pressure  measured  during  the  operation  from  the  start  to  the  end  of  anesthesia
was extracted  from  anesthetic  records.  The  time  integral  value  when  the  measured  systolic
blood pressure  fell  below  the  baseline  value  was  calculated  as  area  under  the  curve  (AUC)  of
s100%.
Results: There  were  247  eligible  cases.  Eighty-eight  patients  (35.6%)  had  PONV.  There  was  no
difference  in  patient  background  between  the  patients  with  or  without  PONV.  Univariate  anal-
ysis showed  that  the  total  intravenous  anesthesia  (TIVA)  (p  =  0.02),  smoking  history  (p  =  0.02),
and AUC-s100%  (p  =  0.006)  were  significantly  associated  with  PONV.  Multiple  logistic  regression
analysis  revealed  that  TIVA  (OR:  0.54,  95%  CI:  0.29---0.99),  smoking  history  (OR:  0.60,  95%  CI:
0.37---0.96),  and  AUC-s100%  (OR:  1.006,  95%  CI:  1.0---1.01)  were  significantly  associated  with
PONV.
Conclusion:  Intraoperative  hypotension  evaluated  by  AUC-s100%  was  related  to  PONV  in  thy-
roidectomy.
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Figure  1  Calculation  of  AUCs.  AUC,  Area  under  curve.  The
time and  intensity  below  the  reference  value  were  calculated
as the  time-integrated  values.  As  an  example,  when  the  systolic
blood  pressure  at  admission  was  80  mmHg,  the  portion  sur-
rounded  by  the  systolic  blood  pressure  curve  and  the  reference
l
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ostoperative  nausea  and  vomiting  (PONV)  is  a  frequent
omplication  of  general  anesthesia  along  with  pain.  PONV
auses  discomfort  to  the  patient,  which  may  be  an  obstacle
o  early  recovery.1,2 The  frequency  of  PONV  is  approximately
0%  in  the  general  population  but  is  as  high  as  70%  in  patients
n  the  high-risk  group.3,4 Therefore,  numerous  studies  have
ocused  on  reducing  PONV  in  the  past  several  decades.  Risk
actors  such  as  inhaled  anesthetics,  nitrous  oxide,  and  opi-
ids  have  been  identified  to  date.  High-risk  patients  such
s  women,  non-smokers,  a  history  of  motion  sickness,  and
oung  patients5 are  recommended  to  use  these  strategies  to
educe  the  risk  of  PONV,6,7 nonetheless,  many  patients  still
eport  PONV.  Numerous  patients  feel  that  nausea  is  more
tressful  than  postoperative  pain,  and  that  they  would  be
illing  to  absorb  the  additional  costs  to  avoid  PONV,8 there-

ore,  it  is  important  not  only  to  manage  PONV  with  current
ell-known  strategies,  but  also  to  search  for  additional  sim-
le  and  safe  strategies.

Hypotension  is  a  well-known  factor  that  triggers  nausea
nd  vomiting  regardless  of  anesthesia.9,10 Many  studies  have
valuated  the  association  between  intraoperative  nausea,
omiting,  and  intraoperative  hypotension  under  spinal  anes-
hesia,  especially  in  the  field  of  obstetrics.11---13 However,
o  date,  only  a  few  studies  have  evaluated  the  relationship
etween  intraoperative  hypotension  and  PONV  in  the  setting
f  general  anesthesia,14 and  the  results  are  controversial.15

he  exact  mechanism  that  causes  PONV  by  hypotension
s  unclear,  but  reduction  of  blood  flow  to  the  brain  stem
nd  influence  on  the  chemoreceptor  trigger  zone  (CTZ)  can
ause  dizziness  and  disturbance  of  the  vestibular  system,
eading  to  nausea  or  vomiting.  We  hypothesized  that  avoid-
ng  intraoperative  hypotension  may  reduce  PONV  in  general
nesthesia.  If  it  is  possible  to  reduce  the  risk  of  PONV  by
aintaining  blood  pressure  during  surgery,  it  can  be  widely

ccepted  and  used  as  PONV  prophylaxis  during  general  anes-
hesia,  regardless  of  the  facility  or  situation.  In  this  study,
e  analyzed  thyroidectomy  cases  in  which  the  incidence  of
ONV  is  relatively  high  and  the  surgical  procedure  is  simple.
e  continuously  evaluated  intraoperative  hypotension  as  a

ime-integrated  value  and  studied  its  relationship  with  the
ncidence  of  PONV.

aterial and methods

he  study  was  approved  by  the  institutional  review  board  of
ur  university  (Approval  number:  2407),  prior  to  its  initia-
ion.  We  retrospectively  investigated  patients  aged  20  years
nd  older  who  underwent  thyroidectomy  at  our  university
etween  January  2016  and  June  2019.  We  excluded  patients
ho  underwent  concomitant  surgery  other  than  thyroidec-

omy  and  those  with  incomplete  data.
We  extracted  patient  details,  such  as  age,  sex,  height,

eight,  presence  of  hypertension,  and  smoking  habits,
s  preoperative  factors.  For  intraoperative  variables,  the
ethod  of  anesthesia  ---  whether  inhalation  or  total  intra-
enous  anesthesia  (TIVA)  ---,  anesthesia  time,  intraoperative
uid  balance,  total  amount  of  fentanyl,  use  of  intra-
perative  prophylactic  drugs  (steroid,  metoclopramide,
roperidol,  and  atropine  sulfate)  were  extracted.  The  pres-
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ine of  80  mmHg  was  calculated  as  AUC-100%  (corresponding  to
he gray  portion  in  the  figure).

nce  of  PONV  was  extracted  from  the  electronic  medical
ecords  from  face-to-face  medical  examination  by  anesthe-
iologists  after  surgery,  which  is  usually  performed  around
even  days  after  surgery.  The  severity  of  PONV  is  clinically
valuated  as  0  (none),  1  (mild  to  moderate),  and  2  (severe).
n  this  study,  grade  0  was  classified  as  the  PONV  (-)  group,
hile  grades  1  and  2  were  classified  as  the  PONV  (+)  group.

ntraoperative  blood  pressure  evaluation

ll  blood  pressures  were  measured  using  our  standard  bed-
ide  monitor  (Life  Scope® G9  Bedside  Monitor,  Nihon  Koden,
apan)  with  inflation-based  noninvasive  blood  pressure  mea-
urement.  The  initial  systolic  blood  pressure  measured
efore  induction  of  anesthesia  was  defined  as  the  baseline
lood  pressure  and  used  as  a  baseline  value.  The  systolic
lood  pressure  measured  during  the  operation,  from  the
tart  of  the  anesthesia  to  the  end  of  the  operation,  was
xtracted  from  anesthetic  records.  Typically,  blood  pres-
ures  were  measured  at  1-minute  intervals  during  anesthetic
nduction  and  at  2.5-minute  intervals  during  surgery.  The
ime  integral  values  of  intraoperative  hypotension  were  cal-
ulated  if  the  blood  pressure  fell  below  the  baseline  value
nd  were  summed  as  AUC-s100%  (Fig.  1).  Since  this  was

 retrospective  study,  all  anesthetic  managements,  includ-
ng  fluid  administration  and  management  of  blood  pressure,
ere  dependent  on  the  anesthesiologists’  discretion,  taken
uring  surgery.

tatistical analysis

rom  our  preliminary  investigation,  we  presumed  that  the
ncidence  of  PONV  after  thyroidectomy  was  30%.  We  decided
o  include  six  well-known  PONV  factors  (age,  smoking  habits,
nesthesia  drugs,  total  fluid  balance,  gender,  and  anesthe-
ia  time)  with  degree  of  intraoperative  hypotension,  making
even  explanatory  variables  in  the  multiple  logistic  regres-
ion  model.  Based  on  prior  studies,  the  required  sample  size
as  estimated  to  be  231.
Based  on  the  presence  of  PONV,  the  results  were  classified
nto  two  groups.  For  continuous  variables,  the  paramet-
ic  variables  were  expressed  as  mean  ±  standard  deviation,
nd  the  nonparametric  variables  were  expressed  as  the
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Figure  2  Study  flow  diagram.

edian  (first  quartile,  third  quartile)  according  to  the  data
istribution.  Categorical  variables  are  expressed  as  the
umber  of  cases  (%).  As  a  univariate  analysis,  Student’s
-test  or  Mann---Whitney  test  was  performed,  and  the  �2

est  was  performed  for  categorical  variables.  Finally,  mul-
ivariate  analysis  with  stepwise  selection  was  performed
ith  factors  that  had  univariate  p-values  <  0.20  on  logistic

egression.  Explanatory  variables  were  evaluated  using  the
olmogorov---Smirnov  test,  and  the  variables  were  power-
ransformed  according  to  the  obtained  results,  so  that  the
xplanatory  variables  were  normally  distributed.  All  analy-
es  were  performed  using  Statflex  version  7.0  (Artech  Corp.,
saka,  Japan).  A  p-value  <  0.05  was  considered  statistically
ignificant.

esults

here  were  283  cases  during  this  period.  Thirty-six  cases
ere  excluded  due  to  different  surgical  procedures  or  insuf-
cient  data  such  as  unknown  preoperative  complications;
herefore,  247  cases  were  included  (Fig.  2).  Of  the  247
atients,  88  (35.6%)  had  PONV.  Table  1  shows  the  univariate
nalysis  results  with  and  without  PONV.

There  was  no  difference  in  patient  background  between
he  two  groups.  Univariate  analysis  showed  that  TIVA
p  =  0.02),  smoking  history  (p  =  0.02),  and  AUC-s100%
p  =  0.007)  were  significantly  associated  with  PONV.  Mul-
iple  logistic  regression  analysis  revealed  that  TIVA  (OR:
.54,  95%  CI:  0.29---0.99),  smoking  history  (OR:  0.60,  95%  CI:
.37---0.96),  and  AUC-s100%  (OR:  1.006,  95%  CI:  1.0---1.01)
ere  significantly  associated  with  PONV.

iscussion

n  this  study,  multiple  logistic  regression  analysis  showed
hat  the  use  of  inhaled  anesthetics,  smoking  habits,  and
ime  integral  of  intraoperative  hypotension  were  associated
ith  PONV.  Although  many  studies  have  concluded  that  TIVA

ends  to  reduce  PONV,  its  impact  varies  among  studies.  This
s  because  PONV  is  multifactorial  and  its  occurrence  varies
epending  on  the  surgical  procedure,  effect  of  postopera-
ive  pain,  and  patient’s  mental  state.  Furthermore,  there
re  various  evaluation  methods,  such  as  evaluation  of  nau-
ea  and  vomiting  separately,  the  evaluation  method  using
AS,  and  the  examination  of  the  need  for  antiemetic  drugs.
RCTs  performed  on  inhalation  anesthesia  and  TIVA
n  patients  undergoing  laparotomic  abdominal  surgery
eported  that  PONV  was  significantly  lower  in  the  TIVA  group;
owever,  there  was  no  difference  in  vomiting  rates16 (Amiri
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t  al.).  Visser  et  al.  reported  that  the  need  for  antiemetic
edication  is  not  significant  among  the  two  groups.17 In

ur  study,  PONV  was  evaluated  by  recall  of  the  patient
 days  after  the  operation  and  resulted  in  a  significantly
ower  PONV  rate  in  the  TIVA  group.  The  second  factor  associ-
ted  with  PONV  was  smoking  status.  Yamada  et  al.  classified
he  smoking  status  according  to  the  time  of  smoking  ces-
ation,  rather  than  evaluating  it  in  a  dichotomous  manner,
nd  reported  that  PONV  and  smoking  cessation  period  were
nversely  correlated.7 This  is  consistent  with  the  results
f  our  study,  which  evaluated  PONV  by  classifying  it  into
hree  stages:  never,  past,  and  current  finding  a  correlation
etween  PONV  and  the  smoking  cessation  period.

Other  well-known  risk  factors  of  PONV,  such  as  opioid
se,  anesthesia  time,  and  sex  were  not  related  in  our  study
ince  surgical  and  anesthesia  procedures  were  uniform  and
he  patient  characteristics  were  comparable  among  groups.
n  addition,  this  study  showed  that  the  higher  the  intraop-
rative  hypotension  time  integrated  value,  the  higher  the
ncidence  of  PONV.  To  the  best  of  our  knowledge,  this  is  the
rst  study  to  identify  the  relationship  between  intraoper-
tive  hypotension  and  PONV  using  the  time  integral  value.
ur  results  suggest  that  maintaining  baseline  blood  pressure
ay  reduce  PONV.
Various  definitions  have  been  proposed  to  define  intraop-

rative  hypotension.  Several  studies  defined  intraoperative
ypotension  using  systolic  blood  pressure,  while  mean  arte-
ial  pressure  has  also  been  widely  used  in  recent  years.18 The
ut-off  value  was  also  evaluated  in  various  manners  using  an
bsolute  value  (i.e.,  systolic  blood  pressure  <  80  mmHg)  or
s  a  relative  value  (i.e.,  80%  of  the  baseline  mean  arterial
ressure).  Furthermore,  diversity  in  the  statistical  process
s  observed,  such  as  expressing  the  results  in  notation  in
econds  or  frequency.19 Jilles  et  al.  reported  in  a  system-
tic  review  that  there  were  140  definitions  of  intraoperative
ypotension  in  130  studies.20 Walsh  et  al.  retrospectively
eviewed  intraoperative  hypotension  in  33,000  patients  for
on-cardiac  surgery;  they  concluded  that  using  a  mean  blood
ressure  of  55  mmHg  as  a  cutoff  value  of  intraoperative
ypotension  increased  the  risk  of  acute  kidney  injury  (AKI)
nd  cardiovascular  events.21 On  the  other  hand,  a  similar
arge  cohort  study  by  Kheterpal  et  al.  concluded  that  a
ean  arterial  pressure  below  40  mmHg  was  a  cutoff  value  for

ncreased  risk  of  AKI.22 In  addition  to  the  different  clinical
ettings,  the  discrepancy  in  cut-off  values  observed  in  many
tudies  is  partially  explained  by  differences  in  the  evalua-
ion  methods.  The  strength  of  our  study  is  that  it  evaluates
ntraoperative  hypotension  using  time-integrated  values  to
vercome  the  aforementioned  issues.  To  this  end,  we  evalu-
ted  systolic  blood  pressure,  since  systolic  blood  pressure  is
linically  simple  to  measure;  however,  similar  results  were
lso  obtained  using  other  criteria  such  as  90%  of  the  baseline
ystolic  pressure  or  by  using  mean  arterial  pressure  (Table  2).
he  multiple  logistic  regression  model  using  100%  of  the
aseline  systolic  pressure  best  fitted  the  model,  and  the
esult  might  indicate  that  strict  maintenance  of  blood  pres-
ure  at  the  time  of  admission  may  lead  to  a decrease  in  PONV.
urther,  no  correlation  with  PONV  was  found  when  the  eval-

ations  were  performed  by  absolute  value  in  both  cases  of
ystolic  blood  pressure  and  mean  arterial  pressure,  indicat-
ng  that  tailor-made  anesthetic  management  of  individual
atients  is  mandatory.
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Table  1  Univariate  analysis  among  PONV(-)  and  PONV  (+)  groups.

PONV  (-)  (n  =  159)  PONV  (+)  (n  =  88)  p-value

Age  (in  years)a 57.8  ±  15.6  61.6  ±  12.6  0.052
Male (%)  34  (21.4)  16  (18.2)  0.54
Height (cm)a 158.0  ±  7.8  157.2  ±  8.4  0.45
Weight (kg)a 58.9  ±  11.2  60.1  ±  14.6  0.47
BMI (kg.m-2)a 23.6  ±  3.9  24.1  ±  4.6  0.29
Smoker 0.02

Never (%)  93  (58.5)  65  (73.9)
Past (%) 47  (29.6)  17  (19.3)
Current (%) 19  (12.0) 6  (6.8)

Hypertension  (%) 55  (34.6) 34  (38.6) 0.53
Steroid medication  (%) 4  (2.5) 1  (1.1) 0.46
TIVA (%)  62  (39.0)  21  (23.9)  0.02
Fluid balance  (mL)a 717.6  ±  439.1  814.0  ±  366.3  0.08
Anesthesia time  (min)a 196.3  ±  91.8  216.3  ±  101.7  0.12
Total dose  of  fentanyl  (mcg.mL-1)b 200  [150,300]  200  [200,300]  0.13
Metoclopramide  (%)  29  (18.2)  11  (12.5)  0.24
Droperidol (%)  17  (10.7)  4  (4.6)  0.10
Steroid (%)  12  (7.6)  3  (3.4)  0.19
Atropine (%)  11  (6.9)  6  (6.8)  0.97
AUC-s100%b 3975  [2107,6811]  5038  [3188,8510]  0.007

PONV, postoperative nausea and vomiting; BMI, body mass index; TIVA, total intravenous anesthesia; AUC, area under curve.
a The values are expressed as mean ± standard deviation.
b Values expressed as median (first quartile, third quartile).

Table  2  Intraoperative  hypotension  with  different  criteria.

Criteria  PONV  (-)  PONV  (+)  p-value

AUC-s100%  3975  [2107,6811]  5038  [3188,8510]  0.007
AUC-s90% 2231  [935,4376]  3018  [1600,5873]  0.01
AUC-s80% 960  [210,2240]  1227  [551,3282]  0.02
AUC-s100 1194  [740,1709]  1252  [786,2020]  0.24
AUC-s90 372  [204,628]  421  [205,748]  0.17
AUC-s80 71.4  [44.2,  136.8]  89.0  [57.6,  151.0]  0.05
AUC-m100% 2880  [1638,4773]  3561  [2107,5499]  0.04
AUC-m90% 1582  [821,3086]  2037  [1037,3698]  0.06
AUC-m80% 592  [161,1541]  768  [313,1914]  0.04
AUC-m80 1614  [1078,2199]  1752  [1196,2704]  0.18
AUC-m70 498  [275,823]  552  [321,1075]  0.08
AUC-m60 60.0  [33.4,  132.6]  96.6  [47.7,  202.1]  0.01

AUC, area under curve.
Various baseline criteria were evaluated for AUC. For criteria described as AUC-s**, systolic blood pressures were evaluated while mean
arterial pressures were evaluated for criteria described as AUC-m**. The percentage with % indicates that the relative value from the
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baseline blood pressure was used as a criterion, while the numbe
[All AUC values expressed as median (first quartile, third quartile

Although  the  mechanism  of  nausea  and  vomiting  has  not
een  completely  elucidated,  PONV  is  thought  to  be  induced
y  stimulation  of  the  vomiting  center  from  the  vestibular
rgan,  peripheral  region,  or  CTZ.  The  main  inputs  in  the  CTZ
re  those  from  the  sympathetic  nervous  system  and  stimula-
ion  from  neurotransmitters,  such  as  serotonin,  dopamine,
nd  substance  P.  Among  them,  serotonin  and  the  sympa-
hetic  nervous  system  are  considered  as  important  input

athways.  In  fact,  5-hydroxyl  tryptamine  (HT3)  inhibitors,
uch  as  ondansetron  and  granisetron,  have  been  shown  to
ecrease  PONV  in  many  studies.23,24 However,  many  studies
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hout % indicates that the absolute values were used as criteria.

ave  failed  to  identify  an  association  between  intraopera-
ive  serum  serotonin  levels  and  the  risk  of  PONV.  Lim  et  al.
xamined  serum  serotonin  levels  during  epidural  anesthesia
n  obstetric  parturients  and  found  no  relationship  between
ausea  and  vomiting  and  serum  serotonin  concentration.25

hese  reports  support  the  evidence  that  serotonin  released
uring  surgery  might  not  be  responsible  for  PONV.  Serotonin
tself  has  a  short  half-life  and  is  eliminated  from  blood  in

everal  minutes,  and  it  is  speculated  that  serotonin  released
uring  intraoperative  hypotensive  events  does  not  remain
fter  surgery.26 However,  serotonin  transporter,  which  is  the
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ain  pathway  for  eliminating  serotonin  from  blood,  has
een  shown  to  slow  uptake  of  serotonin  when  exposed  to
igh  concentrations  of  serotonin.27 Therefore,  it  may  be
artly  explained  that  high  serotonin  levels  during  intraop-
rative  hypotension  may  alter  the  uptake  of  serotonin  after
urgery  and  result  in  high  serotonin  levels  in  the  postop-
rative  phase.  A  recently  published  study  by  Guimarães
t  al.  examined  the  risk  factors  for  PONV  in  pregnant  women
ndergoing  cesarean  section,  in  which  hypotension  caused
ntraoperative  nausea  and  vomiting  (IONV)and  IONV  was  well
orrelated  with  PONV.28

As  this  is  a  retrospective  study,  it  is  difficult  to  clarify  the
echanism  of  association  between  hypotension  and  PONV.
e  must  emphasize  that  there  might  be  a  possibility  that

ntraoperative  hypotension  is  a  confounder  of  other  true
actors.  For  example,  it  is  necessary  to  consider  that  those
ith  a  high  AUC  in  this  study  are  relatively  in  a  hypovolemic

tate,  and  therefore  are  potentially  at  a  risk  of  intraoper-
tive  hypotension,  and  thus  prone  to  face  the  PONV.29 In
rder  to  verify  this  possibility,  we  examined  blood  pressure
n  the  postoperative  ward  after  1,  3,  and  6  hours  of  the
eturn  to  the  general  ward.  Surprisingly,  the  blood  pressure
as  significantly  higher  in  the  group  with  PONV  at  all  points,
espite  the  fact  that  the  proportion  of  patients  diagnosed
ith  hypertension  preoperatively  did  not  differ  significantly
etween  the  two  groups.  Although  the  exact  mechanism  is
nknown,  the  sympathetic  nervous  system,  which  is  another
fferent  pathway  besides  serotonin  activation,  may  play  an
mportant  role  in  PONV.

Finally,  the  study  has  some  limitations.  First,  the  impor-
ant  confounding  factors  related  to  PONV  might  not  have
een  evaluated.  For  example,  motion  sickness  could  not  be
valuated  in  this  study.  Inclusion  of  these  factors  in  a  mul-
iple  logistic  regression  model  may  yield  different  results.
econd,  PONV  is  a  self-reported  outcome,  and  the  events
ere  picked  up  from  the  electronic  medical  records.  Since

he  definition  of  PONV  is  ambiguous,  there  may  be  under-
ying  PONV  that  could  not  be  extracted.  Third,  since  this
tudy  is  retrospective,  causality  may  be  reversed.  In  other
ords,  people  who  are  prone  to  PONV  may  be  more  likely  to
ave  lower  blood  pressure.  Therefore,  prospective  interven-
ion  studies  need  to  be  validated  with  and  without  normal
lood  pressure.  In  conclusion,  intraoperative  hypotension
valuated  by  AUC-s100%  was  related  to  PONV  in  patients
ndergoing  thyroidectomy  in  our  study.  Further  studies  are
xpected  to  integrate  this  evidence.
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