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Abstract
Background:  Though  hemodynamically  stable,  etomidate  is  known  for  its  myoclonus  side  effect
following induction.  The  main  aim  of  this  study  is  an  effective  attempt  to  decrease  the  incidence
of myoclonus  with  a  priming  agent.
Methods:  A  prospective,  double-blind  study  was  carried  out  on  50  adults  posted  for  elective
surgery. After  premedication,  priming  was  done  with  etomidate  0.03  mg.kg-1 (Group  E)  and
propofol 0.2  mg.kg-1 (Group  P),  i.e.,  1/10th  of  induction  dose.  After  60  seconds  of  priming,
patients  were  induced  with  etomidate  by  titrating  dose  over  60  seconds  until  loss  of  verbal
command  and  eyelash  reflex.  The  grading  of  myoclonus,  induction  dosage,  and  hemodynamics
for 10  minutes  post  induction  were  recorded.
Results:  In  the  study,  only  4  cases  had  myoclonus.  Grade  1  myoclonus  was  encountered  in  three
cases of  etomidate  group,  while  only  one  case  in  the  propofol  group  had  grade  2  myoclonus
which was  not  statistically  significant  (p-value:  0.12).  There  was  a  significant  reduction  in  the
etomidate  induction  dosage  in  both  groups.
Conclusion:  Priming  with  etomidate  and  propofol  is  equally  effective  in  reducing  myoclonus
with the  added  benefit  of  hemodynamic  stability  and  reduction  of  an  induction  dose  of  etomi-
date (>  50%).
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tomidate  as  compared  with  other  induction  agents  is  asso-
iated  with  less  hemodynamic  changes,  less  pain  during
njection  with  lipid  formulation,1 less  histamine  release,  and
igh  therapeutic  index.2 Therefore,  etomidate  is  the  pre-
erred  induction  agent  for  rapid  sequence  induction  during
mergency  situations  in  view  of  hemodynamic  instability.3

tomidate  use  has  been  limited  since  it  has  shown  to
ause  adrenocortical  suppression,  myoclonus,  and  pain  on
njection.3 Single-induction  dose  of  etomidate  has  not  shown
ny  deleterious  effects;  rather,  hemodynamic  stability  has
ncreased  due  to  its  usage  in  the  intraoperative  manage-
ent  of  emergency  and  sick  cardiac  cases.  Thus,  etomidate

as  seen  a  resurgence  in  its  usage  in  anesthesia  practice.
yoclonus,  the  side  effect  of  etomidate  is  not  desired  in

ituations  where  there  are  closed  globe  injuries  to  eye
nd  penetration  trauma  of  the  abdomen.  Prevention  of
yoclonus  by  pretreatment  with  midazolam,  magnesium

ulphate,  opioids,  gabapentin,  ketamine,  propofol,  and
riming  dose  of  etomidate  has  been  studied.4---7 Both  etomi-
ate  and  propofol  in  induction  dosages  are  known  to  cause
yoclonus.  Etomidate  in  low  priming  doses  and  propofol

n  different  doses  has  been  studied  for  the  prevention  of
yoclonus  induced  with  etomidate  induction.  But  none  of

he  studies  compared  etomidate  with  propofol.  This  study
ttempted  to  compare  myoclonus  incidence  with  a  prim-
ng  dose  of  etomidate,  and  propofol  as  both  the  drugs  in
nduction  dosage  is  known  to  cause  myoclonus.8

ethods

he  study  is  registered  in  the  Clinical  Trial  Registry  of
ndia.  REF/2015/03/008627.  The  study  has  approval  from
IEC  [NIMS  (Nizam’s  Institute  of  Medical  Sciences,  Hyder-
bad)  Institutional  ethical  committee]  with  approval  no.
C/NIMS/1672/2015.  After  ethics  committee  approval  and
nformed  consent  of  patients,  50  American  Society  of  Anes-
hesiologists  (ASA)  I  and  II  physical  status  patients,  of  either
ex,  aged  between  20  to  65  years,  with  Mallampati  grading

 and  II,  scheduled  for  lumbar  laminectomy  under  gen-
ral  anaesthesia  were  prospectively  enrolled  in  the  study.
atients  were  randomly  allocated  in  two  groups.  This  was
ccomplished  with  RAND  (0,1)  [Microsoft.  (2010).  Microsoft
xcel  [computer  software]  Redmond,  Washington],  and  the
tudy  was  conducted  in  a  double-blind  fashion.  Patients
ith  a  history  of  epilepsy,  alcoholics,  those  with  endocrine
isorders  ---  Cushing’s  syndrome,  pituitary  disorders,  and
mmunosuppressed  patients  were  excluded.

This  study  adhered  to  CONSORT  guidelines
http://www.consort-statement.org).  The  study  drugs
ere  prepared  by  an  anesthesia  technician  who  was  aware
f  the  randomization  number  allotted  and  the  demographic
rofile  of  the  paient.  The  study  participants  and  investi-
ator  collecting  the  data  were  blinded  to  the  treatment
roup.  Baseline  parameters  heart  rate  (HR),  blood  pressure
BP),  oxygen  saturation  by  pulse  oximetry  (SPO2),  and

ntropy  were  noted.  All  patients  were  premedicated  with
idazolam  0.02  mg.kg-1 +  fentanyl  2  �g.kg-1 intravenously.
he  above  parameters  were  again  noted  after  5  minutes  of
remedication.  Patients  were  ventilated  with  100%  oxygen
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f  SPO2 falls  to  <  97%  or  the  patient  becomes  apneic.
fter  5  minutes  of  premedication,  etomidate  (E)  group  of
atients  received  priming  dose  of  etomidate  0.03  mg.kg-1

nd  propofol  (P)  group  of  patients  with  0.2  mg.kg-1 (1/10th
f  induction  dose).  After  60  seconds  of  priming,  patients
ere  induced  with  etomidate  by  titrating  dose  over  60

econds  until  loss  of  verbal  command  and  eyelash  reflex.
ntropy  was  used  for  monitoring  depth  of  anesthesia.
atients  were  observed  during  induction  and  1  minute
ollowing  induction  for  myoclonus  and  grades  of  myoclonus.
his  was  the  primary  objective  of  the  study.  The  myoclonus
rades  used  were9:  Grade  0,  no  myoclonus;  Grade  1,  mild
yoclonus  (Small  movements  in  1  body  segment,  such  as
nger  or  wrist);  Grade  2,  moderate  myoclonus  (Slight  move-
ents  in  2  or  more  muscle  areas,  such  as  face  or  shoulder);
rade  3,  severe  myoclonus  (intense  movements  in  2  or
ore  muscle  areas,  sudden  adduction  of  an  extremity).
he  dose  of  etomidate  required  for  each  patient  for  loss  of
erbal  command  and  eyelash  reflex  was  noted.

After  confirming  for  mask  ventilation,  neuromuscular
lockade  was  achieved  with  atracurium  0.5  mg.kg-1,  and  tra-
hea  was  intubated  with  an  appropriate  sized  endotracheal
ube  around  4  minutes  after  induction.  Entropy  was  main-
ained  between  40---60  following  induction  for  10  minutes.
he  ventilation  was  done  with  100%  O2,  and  blood  pressure
nd  heart  rate  were  recorded  every  1  minute  till  10  minutes
ollowing  induction.  The  supplemental  doses  of  etomidate
ere  used  to  intubate  if  entropy  was  more  than  60.  The
ndpoint  of  the  study  was  10  minutes  past  induction  after
ecording  the  hemodynamic  parameters.  The  post  inclusion
xclusion  criteria  included  patients  with  an  unanticipated
ifficult  airway  sustained  tachycardia  or  rise  in  BP  (>  40%
aseline),  bradycardia  (<  50  bpm)  requiring  atropine,  and
ypotension  requiring  vasopressor  administration.

The  primary  objective  of  this  study  was  to  compare  the
ncidence  of  myoclonus  and  its  severity  with  a  priming  dose
f  etomidate,  and  propofol  during  induction  with  etomidate.
he  secondary  objectives  included  the  induction  dosage  of
tomidate  and  hemodynamic  changes  following  induction.

tatistical  analysis

ample  sizes  of  21  in  group  1  and  21  in  group  2  achieved
o  detect  a  non-inferiority  margin  difference  between  the
roup  proportions  of  -0.3000.  The  reference  group  propor-
ion  is  0.5000.  The  treatment  group  proportion  is  assumed
o  be  0.2000  under  the  null  hypothesis  of  inferiority.  The
ower  was  computed  for  the  case  when  the  actual  treat-
ent  group  proportion  is  0.6000.  The  test  statistic  used  is

he  one-sided  Z  test  (unpooled).  The  significance  level  of  the
est  was  targeted  at  0.0500.  The  significance  level  actually
chieved  by  this  design  is  0.0542.  As  dropout  of  cases  would
e  expected,  the  total  sample  size  of  50  (25  in  each  group)
as  taken  for  undertaking  this  study.  PASS  software  (P̈ASS  13
ower  Analysis  and  Sample  Size  Software  (2014).  NCSS,  LLC.
aysville,  Utah,  USA,  ncss.com/software/pass̈) was  used  for
stimating  the  sample  size  for  conducting  this  study.
NCSS  version  9  statistical  software  (N̈CSS  9  Statisti-
al  Software  (2013).  NCSS,  LLC.  Kaysville,  Utah,  USA,
css.com/software/ncss.̈)  was  used  for  statistical  analysis.
ata  was  presented  as  the  mean  (±  S.D).  Categorical  data
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f  participants  in  the  study.
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Figure  1  Flow  chart  o

as  described  as  the  number  of  patients  (n).  Normality  of
he  data  was  tested  using  the  Kolmogorov-Smirnov  test.  Cat-
gorical  variables  were  compared  with  the  chi-square  test.
ontinuous  variables  were  compared  using  independent
ample  t-test.  Within  the  group  and  intergroup  comparison
f  hemodynamic  variables  was  done  using  ANOVA.  A  p-value

 0.05  was  considered  as  significant.

esults

ifty  adults  aged  20  to  65  years  were  studied.  One  patient
ho  was  randomly  allotted  to  etomidate  group  voluntarily
ithdrew  from  the  study  after  inclusion  (Fig.  1),  thus  only
9  were  analyzed.  The  demographic  data  was  comparable
n  both  groups  (Table  1).  The  propofol  group  had  5  ASA  II
atients  (20%),  and  etomidate  group  had  only  one  ASA  II
atient  (4.16%)  with  p-value  of  0.05.  There  was  no  signifi-
ant  difference  in  state  entropy  (SE)  and  response  entropy
RE)  in  between  the  two  groups  (baseline,  5  minutes  follow-
ng  premedication  and  following  induction).  This  suggests
hat  the  depth  of  anesthesia  was  maintained  in  both  groups
ithout  significant  difference.  The  data  was  found  to  be
ormally  distributed  with  respect  to  demographic  and  other
ontrol  parameters.

After  induction,  3  patients  (12.5%)  in  the  etomidate  group
ad  myoclonus  of  grade  1,  and  1  patient  (4%)  in  the  propo-
ol  group  had  myoclonus  of  grade  2  (Fig.  2).  Overall,  only

 patients  had  myoclonus  out  of  49  included  (8.16%).  There
as  no  significant  difference  between  the  groups  (p  =  0.12).
he  dose  of  etomidate  needed  for  loss  of  eyelash  reflex  was
.96  ±  1.62  mg,  and  4.42  ±  2.12  mg  in  propofol  and  etomi-
ate  group  respectively  (p-value  0.40).  Similarly,  the  dose  of
tomidate  needed  for  loss  of  verbal  commands  was  3.98  ±
.86,  and  4.40  ±  1.63  mg  in  propofol  and  etomidate  group,

espectively  (0.88)  as  shown  in  Table  2.

The  changes  in  heart  rate  and  MAP  were  comparable
etween  the  groups  (p  =  0.8)  and  also  within  the  groups
Figs.  3  and  4).

a
i
i
c

26
igure  2  Incidence  of  myoclonus  occurrence  in  the  two
roups.  E,  Group  etomidate;  P,  Group  propofol  (p  =  0.12).

iscussion

ur  study  findings  did  not  reject  the  null  hypothesis,  thus
tating  that  both  etomidate  and  propofol  in  low  doses  are
ffective  in  attenuating  the  myoclonic  movements  follow-
ng  induction  with  etomidate.  Only  4  patients  out  of  50  had
yoclonus  (8.16%).
In  the  study  by  Isitemiz  et  al.,  the  incidence  of  myoclonus

as  reduced  significantly  with  fentanyl  1  mcg.kg-1 (40%)
nd  the  combination  of  midazolam  0.15  mg.kg-1 +  fentanyl
.5  �g.kg-1 (25%).9,10 The  incidence  of  myoclonus  with  a
ombination  of  midazolam  and  fentanyl  was  25%,  which  is
uite  high  and  still  distressing  for  any  patient.  Fentanyl  is
outinely  used  as  an  analgesic  as  a  standard  protocol  in
ll  the  recentres,  including  ours.  Induction  with  etomidate
ith  fentanyl  as  an  analgesic  used  in  routine  basis  showed  a

ignificant  increase  in  the  incidence.  A  trial  study  was  con-
ucted  with  fentanyl  2  �g.kg-1 and  midazolam  0.02  mg.kg-1,
nd  noticed  a  significant  incidence  of  myoclonus  almost  with
ll  the  cases  which  appeared  ethically  unacceptable.  The

ntensity  of  pain  with  a  priming  dose  of  propofol  injection
s  expected  to  be  less,  and  this  combination  was  helpful  in
ombating  this.11 Hence,  to  avoid  this  bias,  we  standardized

3
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Table  1  Comparison  of  demographic  and  control  parameters  in  both  groups.

Variable  Mean  ±  SD
Group  P  (n  =  25)

Mean  ±  SD
Group  E  (n  =  24)

p-value

Age  37.32  ±  9.07  38.79  ±  10.79  0.6
Sex
Male 13  (52%)  11  (45.83%) 0.77
Female 12  (48%)  13  (54.16%)
Height (cm)  162  ±  10.3  157  ±  13.1  0.2
Weight (kg)  63.28  ±  10.6  61  ±  9.4  0.44
ASA
I 20  (80%)  23  (95.83%) 0.05
II 5  (20%)  1  (4.16%)
Response  entropy  (baseline) 96.9  ±  2.03 97.2  ±  2.1 0.67
State entropy  (baseline)  88.24  ±  2.5  88.3  ±  4.2  0.86
Response entropy  (5  min  after  premed)  93  ±  3.456.07  93.3  ±  7  0.34
State entropy  (5  min  after  premed)  84.7  ±  5.5  85.8  ±  6.4  0.5
Response entropy  (induction)  54.24  ±  14.4  50.7  ±  13.4  0.37
State entropy  (induction)  51.8  ±  14.4  48.4  ±  14.6  0.4

SD, standard deviation; P, propofol group; E, etomidate group.
Data represented as n or mean ± SD.

Table  2  Induction  dose  in  both  the  groups.

Dose  Group  P  Group  E  p-value

Loss  of  eyelash  reflex  in  mg  ±  SD 3.96  ±  1.62 4.42  ±  2.12 0.40
(mg.kg-1 ±  SD) (0.06  ±  0.03) (0.07  ±  0.04) 0.3
Loss of  verbal  commandsin  mg  ±  SD 3.98  ±  1.86 4.40  ±  1.63 0.4
(mg.kg-1 ±  SD) (0.07  ±  0.03) (0.07  ±  0.03)  0.3

SD, standard deviation.
Data represented as n or mean ± SD.

Figure  3  Heart  rate  changes  in  the  two  groups.  Premed,  5  minutes  following  premedication;  1,  1  minute  following  induction;  2,
2 5,  5  m
7 9,  9  m

t
t
c

 minutes  following  induction;  3,  3  minutes  following  induction;  

 minutes  following  induction;  8,  8  minutes  following  induction;  
he  combination  of  midazolam  and  fentanyl  as  a  premedica-
ion  regime  for  both  the  groups  along  with  study  drugs  for
onducting  this  study.

h
a

26
inutes  following  induction;  6,  6  minutes  following  induction;  7,
inutes  following  induction;  10,  10  minutes  following  induction.
Etomidate,  the  preferred  agent  for  induction  in  view  of
emodynamic  stability,12 myoclonus  the  main  side  effect
ssociated  with  its  use  cannot  be  neglected.13 The  incidence

4
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Figure  4  Mean  arterial  pressure  trends  in  the  two  groups.  MAP,  mean  arterial  pressure;  premed,  5  minutes  following  premedi-
cation; 1,  1  minute  following  induction;  2,  2  minutes  following  induction;  3,  3  minutes  following  induction;  5,  5  minutes  following
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nduction; 6,  6  minutes  following  induction;  7,  7  minutes  followin
nduction; 10,  10  minutes  following  induction.

f  involuntary  myoclonic  movements  (MM)  after  induction
f  anesthesia  is  higher  compared  with  propofol,  though  the
ncidence  may  vary  from  0  to  70%.9,14,15 Myoclonus  is  caused
y  transient  disinhibition  of  subcortical  structures  due  to
ifference  in  cerebral  blood  flow.  Another  explanation  is
he  difference  of  GABA-A  receptor  subunits  within  the  cen-
ral  nervous  system.  The  significant  reduction  of  myoclonus
ccurs  with  drugs  (benzodiazepines  or  opioids)  and  with
re-treatment  with  low  dose  etomidate,  and  propofol  is
nown  to  inhibit  the  subcortical  neuronal  activity,  or  through
nhancement  of  �  aminobutyric  acid  type  A  receptor.4,9,16,17

n  this  study  by  Doenicke  et  al.  on  EEG  with  etomidate,
t  was  hypothesized  that  inhibitory  circuits  are  depressed
arlier  and  with  low  dose  compared  to  excitatory  circuits.
his  was  the  basis  for  using  a  low  dose  of  etomidate  as
riming  dose  before  induction  with  etomidate  for  reduc-
ion  of  myoclonus.  They  found  that  the  myoclonus  incidence
ecreased  with  0.03  and  0.05  mg.kg-1 priming  with  etomi-
ate  (i.e.,  low  dose),  and  the  incidence  increased  with
.075  mg.kg-1 priming  dose  (i.e.,  higher  dose).  Slow  induc-
ion  with  etomidate  0.3  mg.kg-1 by  infusion  over  90  seconds
ithout  pre-treatment  reduced  incidence  of  myoclonus  to
8%  compared  to  84%  with  faster  induction  over  10  seconds
n  a  study  by  Do  et  al.18

Etomidate  and  propofol  are  known  to  cause  myoclonus
hough  the  incidence  of  myoclonus  with  propofol  is  very
inimal  (1:10,000).  The  mechanism  for  propofol-induced
yoclonus  was  proposed  to  be  subcortical  disinhibition  sim-

lar  to  etomidate.19,20 They  also  act  on  GABA-A  receptors
n  excitatory  and  inhibitory  neural  circuit  mechanisms.

 recent  study  by  Jinfeng  et  al.  have  shown  a  consider-
ble  decrease  in  the  incidence  of  myoclonus  with  different
oses  of  propofol  following  etomidate  induction.  There  was
ecreasing  incidence  with  increasing  doses  of  propofol.5
herefore,  priming  with  low-dose  propofol  and  etomidate
ere  studied  and  compared  along  with  fentanyl  and  mida-
olam  to  see  its  effectiveness  in  preventing  myoclonus  with
tomidate  induction.

d
h
c
w

26
uction;  8,  8  minutes  following  induction;  9,  9  minutes  following

The  induction  dose  of  etomidate  is  0.3  mg.kg-1 (0.2
o  0.6  mg.kg-1).  For  an  average  60  kg  adult,  this  will  be
round  18  mg.  The  loss  of  eyelash  reflex  and  verbal  com-
ands  were  achieved  with  hardly  4.42  ±  2.12  mg  dose  of

tomidate.  The  use  of  premedication  and  priming  with
ropofol  or  etomidate  has  significantly  reduced  the  induc-
ion  dose  of  etomidate  by  more  than  50%.  Similar  results
ere  recorded  in  studies  where  priming  was  used  in  dif-

erent  doses  and  have  shown  a  significant  reduction  in
he  induction  dosage  requirements  of  propofol.21,22 But
tomidate  induction  dosage  was  not  studied.  Rather,  a
ombination  of  etomidate-lipuro  and  propofol  1:1  (eto-
ol)  was  found  to  be  an  effective  induction  regime  with
ecreased  dose  requirement  and  decreased  incidence  of
dverse  reactions.23

Etomidate  has  been  the  agent  of  choice  for  induction  in
iew  of  hemodynamic  stability.3 Next,  etofol  (1:1  admix-
ure  of  etomidate-lipuro  and  propofol)  was  associated  with
est  hemodynamic  stability  compared  to  etomidate  and
ropofol  group.23 In  this  study  by  Saricaoglu  et  al.,  the  90
atients  were  randomly  assigned  to  three  groups  in  which
nduction  was  performed  with  etomidate-lipuro,  propofol,
r  etomidate-lipuro-propofol  admixture.  The  best  hemody-
amic  stability  with  the  least  incidence  of  myoclonus  and
njection  pain  etofol  group  with  least  BIS  value  of  40  was
bserved.  We  could  also  get  similar  results  with  etomidate
roup  as  patients  were  hemodynamically  stable.  The  group
rimed  with  etomidate  and  further  induction  with  etomi-
ate  caused  the  least  changes  in  hemodynamics.  As  the
rimed  dose  of  propofol  used  was  1/10th  of  induction  dose,
east  likely  to  cause  hemodynamic  instability.  This  property
f  hemodynamic  stability  would  explain  the  response  chrac-
eristics  of  ASA  II  patients  in  this  study.  As  5  patients  of

 primed  group  were  ASA  II  and  expected  to  be  on  a  few
isease  control  drugs,  could  lead  to  induction  changes  in
emodynamics.  Though  there  were  fluctuations  but  are  not

ritical  to  cause  compromise  and  all  changes  recovered  back
ith  intubation.
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clinical trial. Indian J Anaesth. 2006;50:283---7.
23. Saricaoglu F, Uzun S, Arun O, et al. A clinical comparison of
S.  Moningi,  G.P.  Re

imitations

here  are  some  limitations  to  our  study.  Most  of  the  studies
ave  compared  fentanyl  and  midazolam  as  counterparts  for
ttenuation  of  myoclonus.  Rather,  we  have  used  these  drugs
n  both  groups  as  a  standard  and  routine  practice.  This  is
one  especially  to  create  a  practical  atmosphere  for  using
hese  drugs  to  get  their  maximum  beneficial  effect.  Even
uration  of  myoclonus  was  not  recorded.

onclusion

riming  with  etomidate  and  propofol  are  equally  effective  in
educing  myoclonus  with  the  added  benefit  of  almost  halving
he  induction  dose  of  etomidate  and  hemodynamic  stability.
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