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Abstract
Background  and  objectives:  The  purpose  of  this  study  was  to  compare  the  endotracheal  tube
cuff pressure  changes  during  laparoscopic  surgeries  using  air  versus  nitrous-oxide  in  anes-
thetic gas  mixture;  and  to  observe  the  incidences  of  postoperative  sore  throat,  hoarseness
and dysphagia.
Methods:  Total  100  patients  scheduled  for  elective  laparoscopic  abdominal  surgery  were  allo-
cated into  two  groups.  Group  A  (n  =  50)  received  air  while  Group  N  (n  =  50)  received  nitrous-oxide
in anesthetic  gas  mixture.  After  endotracheal  intubation,  cuff  was  inflated  with  air  to  achieve
sealing pressure.  Cuff  pressure  at  baseline  (sealing  pressure),  30  min,  60  min  and  90  min  was
recorded with  a  manometer.  Incidence  of  sore  throat,  hoarseness  and  dysphagia  was  noted  at
the time  of  discharge  from  post-anesthesia  care  unit  and  24  h  after  extubation.
Results:  Cuff  pressure  increased  from  baseline  in  both  the  groups.  The  increase  in  cuff  pressure
in Group  N  was  greater  than  that  in  Group  A  at  all  time  points  studied  (p  <  0.001).  Within  Group

A, cuff  pressure  increased  more  at  90  min  than  at  30  min  (p  <  0.05).  Within  Group  N,  increase
in cuff  pressure  was  more  at  each  time  point  (30,  60  and  90  min)  than  its  previous  time  point
(p <  0.05).  The  incidence  of  sore  throat  in  post-anesthesia  care  unit  was  higher  in  Group  N  than

in Group  A.
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Conclusion:  Use  of  nitrous-oxide  during  laparoscopy  increases  cuff  pressure  resulting  in
increased  incidence  of  postoperative  sore  throat.  Cuff  pressure  should  be  monitored  routinely
during laparoscopy  with  nitrous-oxide  anesthesia.
© 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/).
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Comparação  de  alterações  na  pressão  do  balonete  do  tubo  endotraqueal  usando  ar
versus  óxido  nitroso  nos  gases  anestésicos  durante  cirurgias  abdominais
laparoscópicas

Resumo
Justificativa  e  objetivos:  O  objetivo  deste  estudo  foi  comparar  as  alterações  na  pressão  do
balonete do  tubo  endotraqueal  durante  cirurgias  laparoscópicas  usando  ar  versus  óxido  nitroso
na mistura  dos  gases  anestésicos  e  observar  a  incidência  de  dor  de  garganta,  rouquidão  e  disfagia
no pós-operatório.
Métodos:  No  total,  100  pacientes  agendados  para  cirurgia  abdominal  laparoscópica  eletiva
foram alocados  em  dois  grupos:  Grupo  A  (n  =  50)  recebeu  ar  e  Grupo  N  (n  =  50)  recebeu  óxido
nitroso na  mistura  de  gases  anestésicos.  Após  a  intubação  endotraqueal,  o  balonete  foi  insu-
flado com  ar  para  obter  a  pressão  de  vedação.  As  pressões  do  balonete  na  fase  basal  (pressão  de
vedação), aos  30  min,  60  min  e  90  min  foram  registradas  com  um  manômetro.  A  incidência  de
dor de  garganta,  rouquidão  e  disfagia  foi  observada  no  momento  da  alta  da  sala  de  recuperação
pós-anestésica  e  24  horas  após  a  extubação.
Resultados:  A  pressão  do  balonete  aumentou  em  ambos  os  grupos,  comparada  à  pressão  basal.
O aumento  da  pressão  do  balonete  foi  maior  no  Grupo  N  que  no  Grupo  A  em  todos  os  tempos
avaliados (p  <  0,001).  No  Grupo  A,  o  aumento  da  pressão  do  balonete  foi  maior  aos  90  min  que
aos 30  min  (p  <  0,05).  No  Grupo  N,  o  aumento  da  pressão  do  balonete  foi  maior  em  cada  um  dos
tempos (30,  60  e  90  min)  que  no  tempo  anteriormente  mensurado  (p  <  0,05).  A  incidência  de
dor de  garganta  na  sala  de  recuperação  pós-anestésica  foi  maior  no  Grupo  N  que  no  Grupo  A.
Conclusão:  O  uso  de  óxido  nitroso  durante  a  laparoscopia  aumenta  a  pressão  do  balonete,  resul-
tando em  aumento  na  incidência  de  dor  da  garganta  no  pós-operatório.  A  pressão  do  balonete
deve ser  rotineiramente  monitorizada  durante  a  laparoscopia  sob  anestesia  com  óxido  nitroso.
© 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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aparoscopic  surgeries  are  commonly  preferred  now-a-days
ver  open  abdominal  surgeries  because  of  the  benefits  like
ess  incisional  pain,  quicker  recovery  and  shorter  hospital
tay.  General  anesthesia  with  endotracheal  intubation  and
ontrolled  ventilation  is  considered  as  a  safe  technique  of
nesthesia  for  laparoscopy.  Cuffed  endotracheal  tubes  (ETT)
re  used  to  achieve  a  seal  between  the  cuff  and  trachea
ith  a  pressure  great  enough  to  prevent  aspiration  but  not  so
igh  that  the  tracheal  blood  flow  will  be  impeded.  Ischaemia
f  tracheal  wall  occurs  when  pressure  against  the  tracheal
all  from  the  hyper-inflated  cuff  exceeds  the  pressure  in

he  capillary  blood  supply.  Tracheal  mucosal  perfusion  can
e  impaired  by  cuff  pressure  greater  than  30  cmH2O  and

hus  patient  can  experience  sore  throat,  hoarseness  and
ysphagia.1,2 It  has  been  reported  that  laparoscopy  causes
n  increase  in  endotracheal  tube  cuff  pressure  and  sore
hroat  in  postoperative  period.3 Intracuff  pressure  can  also

p
t
d

e  affected  by  the  type  of  anesthetic  agent.  Nitrous  oxide
N2O)  is  known  to  diffuse  into  the  endotracheal  tube  cuffs.4

here  are  studies  which  have  shown  that  during  general
nesthesia  with  N2O,  intracuff  pressure  increases  causing
ncrease  in  tracheal  injury  and  sore  throat.1,5 However,  in
he  modern  era  with  emphasis  on  enhanced  recovery  after
urgery,  N2O  remains  a  valuable  option  in  view  of  its  effect
n  recovery  and  benefits  in  general  anesthesia.6---8 Also,  in
ndian  set-up,  many  hospitals  and  nursing  homes  have  lim-
ted  availability  of  air  as  an  anesthetic  gas.  N2O  is  freely
vailable  there  and  thus  commonly  used  during  laparoscopy.
he  effects  of  N2O  use  during  laparoscopy  on  cuff  pressure
hanges  have  not  been  studied.  The  purpose  of  this  study
as  to  evaluate  changes  in  endotracheal  tube  cuff  pres-

ure  during  laparoscopy  using  air  versus  N2O  in  balanced
eneral  anesthesia.  We  aimed  to  observe  the  incidences  of

ostoperative  laryngo  tracheal  complaints  and  thus  to  assess
he  necessity  of  monitoring  endotracheal  tube  cuff  pressure
uring  laparoscopy  with  N2O  anesthesia.
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The  purpose  of  the  cuff  of  an  endotracheal  tube  is  to  provide
a  seal  between  the  tube  and  tracheal  wall.  This  seal  ensures

Table  1  Demographic  data.

Group A (n = 50) Group N (n = 50)
Age (years) 38.97 ± 12.40 38.83 ± 13.19
Sex

Male 11 10
Female 39 40

Surgical procedures
1. Laparoscopic
cholecystectomy

37 31

2.  Diagnostic laparoscopy 8 9
3.  Laparoscopic incisional
hernia repair

1 2

4.  Laparoscopic inguinal
hernia repair

3 2
Nitrous  oxide  and  cuff  pressure  during  laparoscopy  

Methods

This  prospective  randomized  controlled  double-blind  study
was  conducted  after  obtaining  institutional  ethics  commit-
tee  approval  and  written  informed  consent  from  patients.
We  studied  total  100  patients  and  randomized  them  in  two
groups  by  computer  generated  randomization  table.  Group
A  received  oxygen-air  while  Group  N  received  oxygen-N2O
while  providing  Intermittent  Positive  Pressure  Ventilation
(IPPV)  for  general  anesthesia.  Patients  were  unaware  of
their  group  allocation.  All  non-smoking  patients  between
18---60  years  of  age  of  either  sex  with  ASA  (American  Soci-
ety  of  Anesthesiologists)  physical  status  I  or  II  undergoing
elective  laparoscopic  abdominal  surgery  were  included  in
the  study.  Exclusion  criteria  included  the  following:  obese
patients  (BMI  >  35),  smokers,  patients  with  tracheotomy,
patients  with  laryngeal  disease  or  surgery,  patients  with
anticipated  difficult  intubation  and  patients  with  past  his-
tory  of  nausea  and  vomiting.

After  confirming  Nil  By  Mouth  (NBM)  status,  patients
were  placed  in  supine  position  in  the  operating  room.
ASA  standard  monitoring  devices  were  applied.  Intra-
venous  (iv)  infusion  with  crystalloid  solution  was  started.
Patients  were  premedicated  with  intravenous  midazolam
0.03  mg.kg−1 and  intravenous  ondansetron  4  mg  was  given
as  antiemetic  prophylaxis.  This  was  followed  by  intra-
venous  fentanyl  2  �g.kg−1.  After  pre-oxygenation  with  100%
oxygen  for  3  min,  general  anesthesia  was  induced  with
intravenous  thiopentone  sodium  (5---7  mg.kg−1).  Neuromus-
cular  block  was  achieved  with  intravenous  vecuronium
bromide  (0.1  mg.kg−1).  Tracheal  intubation  was  performed
with  Portex

®
ETT  (internal  diameter  7  mm  for  females  and

8  mm  for  males)  having  high-volume,  low-pressure  cuff
(Smiths  medical,  Hythe,  UK).  Black  line  at  vocal  cords
and  bilateral  equal  air  entry  was  confirmed.  ETT  cuff  was
inflated  with  air  with  the  help  of  a  sterile  10  mL  syringe,
to  achieve  an  adequate  cuff  seal  so  that  there  was  no
audible  leak  at  peak  inspiratory  pressures.  After  achiev-
ing  adequate  cuff  pressure,  there  was  no  manipulation
during  the  anesthetic  procedure.  To  measure  endotracheal
tube  cuff  pressure,  a  Portex

®
manometer  (Smiths  medi-

cal,  Hythe,  UK)  was  connected  to  the  endotracheal  tube
pilot  balloon.  The  baseline  sealing  pressure  was  recorded
in  both  the  groups  following  intubation  after  achieving
adequate  cuff  seal.  Both  the  groups  were  provided  with
balanced  general  anesthesia.  Group  A  received  oxygen  and
air  (50:50)  while  Group  N  received  oxygen  and  nitrous
oxide  (50:50)  while  providing  positive  pressure  ventila-
tion.  Mechanical  ventilation  was  controlled  and  adapted
to  maintain  end-tidal  carbon-dioxide  (ETCO2) between  30
and  35  mmHg.  Nasogastric  tube  was  inserted  in  both  the
groups  before  trocar  insertion.  Anesthesia  was  maintained
with  intravenous  propofol  (4---6  mg.kg−1.h−1),  intermittent
doses  of  intravenous  fentanyl  (1---2  �g.kg−1)  and  intravenous
vecuronium  (0.02  mg.kg−1).  Maintenance  intravenous  flu-
ids  were  given  according  to  the  requirement.  Endotracheal
tube  cuff  pressure  was  measured  subsequently  at  30  min,
60  min  and  90  min  following  baseline  measurement  in  both

the  groups  by  an  anesthesiologist  not  involved  in  the
study.  At  the  end  of  surgery,  anesthesia  was  reversed
with  intravenous  glycopyrrolate  (8  �g.kg−1)  and  intravenous
371

eostigmine  (0.05  mg.kg−1).  Nasogastric  tube  was  removed.
echanical  ventilation  was  maintained  until  patients  started
reathing  spontaneously.  After  full  reversal  of  neuromuscu-
ar  blockade,  return  of  reflexes  and  spontaneous  ventilation
nd  ability  to  follow  verbal  commands,  endotracheal  tube
uff  was  totally  deflated  and  patients  were  extubated.
efore  extubation,  100%  oxygen  was  provided.  Patients  were
hifted  to  Post  Anesthesia  Care  Unit  (PACU)  for  observation.
atients  were  asked  about  sore  throat,  hoarseness  and  dys-
hagia  at  the  time  of  discharge  from  PACU  and  after  24  h  of
xtubation  by  an  independent  observer  unaware  of  patient
llocation  groups.

Sample  size  was  calculated  from  a study9 by  difference
n  mean  method  at  90%  power  and  5%  ˛  error.  Minimum  sam-
le  size  per  group  was  found  to  be  30.  We  decided  to  take
ample  size  of  50  per  group.  Data  analysis  was  done  with
he  help  of  SPSS  Software  version  15.  Quantitative  data  was
resented  with  the  help  of  mean,  Standard  Deviation  (SD),
edian  and  Inter  Quartile  Range  (IQR);  comparison  between

tudy  groups  was  done  with  the  help  of  unpaired  t-test  or
ann---Whitney  test  as  per  the  results  of  normality  test.
epeated  measures  analysis  of  variance  was  used  to  com-
are  variables  at  each  time  point  within  groups,  and  post
oc  analysis  was  performed  using  Tukey’s  test.  Qualitative
ata  was  presented  with  the  help  of  frequency  and  percent-
ge  table,  association  among  study  groups  was  assessed  with
he  help  of  Chi-Square  test.

p-value  less  than  0.05  was  considered  as  significant.

esults

ach  group  consisted  of  50  patients.  The  groups  are  compa-
able  with  respect  to  age,  sex  and  surgical  procedures
Table  1).  The  cuff  pressures  in  both  the  groups  are  pre-
ented  in  Fig.  1. The  postoperative  adverse  events  are
resented  in  Table  2.

iscussion
5.  Laparoscopic
appendicectomy

1 6

Data presented as mean ± SD or number.
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Figure  1  Comparison  of  cuff  pressure  changes  from  baseline
at different  time  points  in  study  groups.  Similar  symbols  rep-
resent  significant  difference  between  two  time  points  within  a
group (p  <  0.05).  **  Represents  significant  difference  between
Group A  and  Group  N  at  a  given  time  point  (p  <  0.001).

Table  2  Percent  incidence  of  postoperative  complications
in study  groups.

Group  A Group  N

Hoarseness
PACU  10%  16%
After 24  h  0%  2%

Sore throat
PACUa 12%  32%
After 24  h  0%  2%

Dysphagia
PACU 4%  12%
After 24  h 0%  0%

PACU, Post Anesthesia Care Unit.
a Represents difference is significant between two groups at
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p < 0.05.

ositive  pressure  ventilation  by  avoiding  gas  leaks  and  also
revents  passage  of  pharyngeal  contents  into  the  trachea.
owever,  high  cuff  pressure  can  cause  damage  to  trachea
y  compromising  tracheal  mucosal  perfusion.  Cuff  pressure
f  20---30  cmH2O  is  accepted  as  an  ideal  range  that  would
revent  aspiration  without  impairing  tracheal  mucosal  blood
ow.10

Our  data  show  that  the  cuff  pressure  increased
rom  baseline  in  both  groups.  This  can  be  explained  by
aparoscopy  induced  rise  in  endotracheal  tube  cuff  pres-
ure.  Studies  have  shown  that  pneumoperitoneum  and
he  resultant  rise  in  airway  pressure  during  laparoscopy
ncreases  endotracheal  tube  cuff  pressure  and  occurrence
f  postoperative  sore  throat.3,11 In  above  studies  the
ncrease  in  cuff  pressure  was  noted  few  minutes  after
neumoperitoneum  was  achieved,  but  the  comparison  of
hanges  in  cuff  pressure  at  different  time  points  within  the
roup  was  not  done.  In  our  study,  although  N2O  was  not

sed  in  Group  A,  cuff  pressure  increased  with  increasing
ime  period.  The  increase  in  cuff  pressure  at  90  min  was
reater  than  that  at  30  min  in  Group  A  (p  <  0.05)  (Fig.  1).
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c
p

S.S.  Mogal  et  al.

 future  research  is  desired  to  understand  more  possible
echanisms  of  increase  in  cuff  pressure  during  laparoscopy

specially  when  the  duration  of  laparoscopy  is  extended.
Our  study  also  shows  that  the  increase  in  cuff  pressure

n  Group  N  was  greater  than  the  increase  in  cuff  pressure
n  Group  A  at  all  time  points  studied  (p  <  0.001)  (Fig.  1).
lso,  in  Group  N,  cuff  pressure  increased  significantly  at
very  30  min  throughout  the  procedure  (p  <  0.05).  Thus,
he  cuff  pressure  in  nitrous  oxide  group  had  a  rising  trend
hich  was  higher  than  the  rising  trend  of  cuff  pressure  in
roup  A  (Fig.  1).  This  excessive  increase  in  cuff  pressure

n  Group  N  can  be  explained  by  the  permeability  of  cuff  to
2O.  The  relation  between  N2O  anesthesia  and  increased

ntracuff  pressure  has  been  shown  by  many  studies.1,4,5,9,12

ir  in  endotracheal  tube  cuff  contains  nitrogen  which  has
ow  blood  solubility.  The  much  greater  solubility  of  N2O  in
lood  induces  a  large  pressure  gradient  between  blood  and
ir-filled  cuff.  Nitrous  oxide  diffuses  more  rapidly  into  the
uff  than  nitrogen  diffuses  out  of  the  cuff.  This  causes  cuff
olume  and  pressure  to  rise.  Thus,  laparoscopy  induced  an
ncrease  in  cuff  pressure  in  both  of  our  study  groups;  but  the
se  of  N2O  in  Group  N  led  to  excessive  rise  of  cuff  pressure
n  this  group  and  the  significant  difference  in  cuff  pressure
etween  two  groups.

The  effect  of  increased  cuff  pressure  on  postopera-
ive  laryngo-tracheal  complications  were  considered.  In  this
tudy,  incidence  of  hoarseness  and  dysphagia  was  similar
etween  two  groups.  These  symptoms  may  not  be  related
o  high  cuff  pressure.1 However,  both  the  groups  experi-
nced  sore  throat  in  PACU  (12%  in  Group  A,  32%  in  Group
).  This  incidence  in  Group  N  was  higher  than  in  Group

 (p  <  0.05).  The  incidence  of  sore  throat  after  24  h  was
ow  and  similar  for  both  the  groups.  The  higher  incidence
f  sore  throat  in  PACU  in  Group  N  can  be  explained  by
he  significant  rise  in  cuff  pressure  due  to  N2O  diffu-
ion  into  the  cuff.  The  effect  of  N2O  induced  increased
uff  pressure  on  tracheal  mucosal  erosions  and  postoper-
tive  sore  throat  has  been  shown  by  a  study  in  2001.1

e  studied  the  effect  of  cuff  pressure  on  laryngo-tracheal
omplications  when  laparoscopy  is  combined  with  N2O  anes-
hesia.  According  to  our  data,  the  occurrence  of  sore  throat
n  laparoscopy  is  significantly  increased  when  N2O  is  used  for
nesthesia.

Mucosal  perfusion  of  airway  is  impaired  when  cuff  pres-
ure  exceeds  30  cmH2O.2 In  our  study,  16  patients  in  Group

 and  6  patients  in  Group  A  had  sore  throat  in  PACU.  Out
f  these,  cuff  pressure  of  30  cmH2O  was  exceeded  in  13
atients  in  Group  N  and  4  patients  in  Group  A.  Effect  of
aintaining  low  cuff  pressure  during  anesthesia  on  reducing

he  incidence  of  postoperative  sore  throat  has  been  shown
y  some  studies.13,14 Our  study  thus  indicates  that  the  cuff
ressure  should  be  continuously  monitored  and  decreased
f  it  exceeds  30  cmH2O  during  laparoscopy,  especially  when
2O  is  used.

Although  there  are  concerns  regarding  intraoperative
owel  distension,  operating  conditions  and  postoperative
mesis  when  N2O  is  used  during  laparoscopy,  studies  have
hown  that  N2O  has  no  effects  clinically  in  terms  of  bowel

istension  and  technical  difficulties  during  laparoscopic
holecystectomy.15,16 Also,  the  increased  incidence  of
ostoperative  nausea  and  vomiting  caused  by  N2O  can  be
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prevented  by  use  of  prophylactic  antiemetics  and  main-
tenance  with  propofol.8,17 N2O  has  benefits  like  effective
analgesia,  reduced  incidence  of  intraoperative  awareness,
reduced  requirement  of  more  potent  anesthetics  and  thus
limiting  cardiorespiratory  side  effects.8,18 Considering  this
and  the  free  availability  of  N2O  in  Indian  set  up,  it  is  com-
monly  used  during  laparoscopy.  Our  study  identifies  the  need
for  intraoperative  cuff  pressure  monitoring  in  this  area.

There  are  some  limitations  to  this  study.  Firstly,  we  did
not  measure  the  grade  of  neuromuscular  blockade  at  the
moment  of  intubation.  This  could  have  impacted  postoper-
ative  laryngopharyngeal  events.  It  has  been  demonstrated
that  using  a  relaxant  improves  quality  of  tracheal  intuba-
tion  and  decreases  postoperative  hoarseness  and  vocal  cord
sequelae.19 Although  neuromuscular  monitoring  improves
intubating  conditions,  however,  tracheal  intubation  at  max-
imum  intensity  of  neuromuscular  block  was  not  associated
with  a  decrease  in  vocal  cord  injuries.20 Secondly,  patient
position  was  not  taken  into  consideration  as  there  are  multi-
ple  types  of  laparoscopic  procedures  involved  in  this  study.
Endotracheal  tube  cuff  pressure  is  affected  by  changes  in
position  of  the  patient.  Wu  et  al.  found  that  the  cuff  pres-
sure  increases  in  laparoscopy  in  head-down  position.21 It
has  been  also  found  that  the  clinically  relevant  changes
in  cuff  pressure  occur  by  different  body  positions  in  criti-
cally  ill  patients  receiving  mechanical  ventilation.22 Thirdly,
intra-abdominal  pressure  and  airway  pressures  were  not
monitored.  Pneumoperitoneum  reduces  respiratory  system
compliance  and  increases  airway  pressure.23 A  study  has
shown  that  this  pneumoperitoneum  induced  increase  in  air-
way  pressure  causes  cuff  pressure  to  rise  which  is  associated
with  higher  incidence  of  postoperative  sore  throat.11 Our
data  suggest  that  cuff  pressure  and  incidence  of  postoper-
ative  sore  throat  increases  significantly  when  N2O  is  used
during  laparoscopy.  However,  airway  pressure  and  intra-
abdominal  pressure  were  not  noted  at  the  moment  of  cuff
pressure  measurement.  Fourthly,  the  intensity  of  postoper-
ative  complications  was  not  measured.  However,  even  if  the
intensity  of  sore  throat  may  vary,  its  occurrence  should  not
be  neglected  because  of  its  association  with  the  underlying
tracheal  lesions  caused  by  excessive  cuff  pressure.1

Conclusion

Laparoscopy  induced  increase  in  endotracheal  tube  cuff
pressure  is  exaggerated  by  N2O.  Use  of  N2O  in  anesthetic  gas
mixture  during  laparoscopy  is  associated  with  progressive
increase  in  cuff  pressure  resulting  in  increased  incidence  of
postoperative  sore  throat.  Cuff  pressure  monitoring  should
be  performed  routinely  during  laparoscopy  with  N2O  anes-
thesia.

Clinical trial registry

The  study  was  not  registered  with  Clinical  Trial  Registry.
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