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Abstract
Background  and  objectives:  One  of  the  disadvantages  of  unilateral  spinal  anesthesia  is  the  short
duration of  post-operative  analgesia,  which  can  be  addressed  by  adding  adjuvants  to  local
anesthetics.  The  aim  of  current  study  was  to  compare  the  effects  of  adding  dexmedetomidine,
fentanyl,  or  saline  to  bupivacaine  on  the  properties  of  unilateral  spinal  anesthesia  in  patients
undergoing  calf  surgery.
Methods:  In  this  double-blind  clinical  trial,  90  patients  who  underwent  elective  calf  surgery
were randomly  divided  into  three  groups.  The  spinal  anesthetic  rate  in  each  of  the  three  groups
was 1  mL  bupivacaine  0.5%  (5  mg).  In  groups  BD,  BF  and  BS,  5  �g  of  dexmedetomidine,  25  �g
of fentanyl  and  0.5  mL  saline  were  added,  respectively.  The  duration  of  the  motor  and  sensory
blocks in  both  limbs  and  the  rate  of  pain  during  24  h  after  surgery  were  calculated.  Hemodynamic
changes were  also  measured  during  anesthesia  for  up  to  90  min.
Results: The  duration  of  both  of  motor  and  sensory  block  was  significantly  longer  in  dependent
limb in  the  BF  (96  and  169  min)  and  BD  (92  and  166  min)  groups  than  the  BS  (84  and  157  min)
group. Visual  Analog  Scale  was  significantly  lower  in  the  two  groups  of  BF  (1.4)  and  BD  (1.3),
within 24  h  after  surgery,  than  the  BS  (1.6)  group.
Conclusions:  The  addition  of  fentanyl  and  dexmedetomidine  to  bupivacaine  in  unilateral  spi-
nal anesthesia  can  increase  the  duration  of  the  motor  and  sensory  block  in  dependent  limb
and prolong  the  duration  of  postoperative  pain.  However,  fentanyl  is  more  effective  than
dexmedetomidine.
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Comparação  de  fentanil  e dexmedetomidina  como  adjuvante  à bupivacaína  para
raquianestesia  unilateral  em  cirurgia  de  membros  inferiores:  estudo  randômico

Resumo
Justificativa  e  objetivos:  Uma  das  desvantagens  da  raquianestesia  unilateral  é  a  curta  duração
da analgesia  pós-operatória,  que  pode  ser  abordada  pela  adição  de  adjuvantes  aos  anestésicos
locais. O  objetivo  deste  estudo  foi  comparar  os  efeitos  da  adição  de  dexmedetomidina,  fentanil
ou solução  salina  à  bupivacaína  sobre  as  propriedades  da  raquianestesia  unilateral  em  pacientes
submetidos  à  cirurgia  de  panturrilha.
Métodos:  Neste  ensaio  clínico  duplo-cego,  90  pacientes  submetidos  à  cirurgia  eletiva  de  pan-
turrilha  foram  randomicamente  divididos  em  três  grupos.  A  quantidade  de  anestésico  para  a
raquianestesia  nos  três  grupos  foi  de  1  mL  de  bupivacaína  a  0,5%  (5  mg).  Nos  grupos  BD,  BF  e
BS, 5  �g  de  dexmedetomidina,  25  �g  de  fentanil  e  0,5  mL  de  solução  salina  foram  adicionados,
respectivamente.  Foram  calculados  a  duração  dos  bloqueios  motor  e  sensorial  em  ambos  os
membros  e  o  escore  de  dor  durante  24  horas  após  a  cirurgia.  As  alterações  hemodinâmicas
também foram  medidas  durante  a  anestesia  por  até  90  minutos.
Resultados:  A  duração  de  ambos  os  bloqueios,  motor  e  sensorial,  foi  significativamente  maior
no membro  dependente  nos  grupos  BF  (96  e  169  min)  e  BD  (92  e  166  min)  que  no  grupo  BS  (84
e 157  min).  Os  escores  da  escala  visual  analógica  foram  significativamente  menores  nos  grupos
BF (1,4)  e  BD  (1,3)  que  no  grupo  BS  (1,6)  nas  24  horas  após  a  cirurgia.
Conclusões:  A  adição  de  fentanil  e  dexmedetomidina  à  bupivacaína  em  raquianestesia  uni-
lateral pode  aumentar  a  duração  dos  bloqueios  sensorial  e  motor  no  membro  dependente  e
prolongar a  duração  da  dor  pós-operatória.  Contudo,  fentanil  é  mais  eficaz  que  dexmedetomi-
dina.
© 2019  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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pinal  anesthesia  is  one  of  the  most  common  anesthetic
rocedures  in  lower  limb  surgery.  Some  of  the  advantages
f  this  method  include  patient’s  wakefulness  during  sur-
ery,  rapid  onset  of  effect,  low  failure  rate,  low-dose  drug,
esirable  sensory  and  motor  blocks  and  affordability.1 Des-
ite  the  advantages  of  spinal  anesthesia,  it  has  side  effects
uch  as  hypotension,  bradycardia,  nausea,  vomiting  and  shi-
ering.  To  reduce  the  side  effects  of  conventional  spinal
nesthesia,  it  is  possible  to  lay  the  patient  in  the  late-
al  position,  rotate  the  bevel  of  needle  to  the  bottom  and
nject  the  hyperbaric  local  anesthetics  slowly  so  that  the
urbulent  movement  of  the  local  anesthetics  in  the  CSF  can
e  avoided  and  the  spinal  anesthesia  can  be  restricted  to
ne  side.2 This  method  is  especially  appropriate  for  pati-
nts  with  low  cardiovascular  reserve,  hypovolemia,  elderly
atients  and  traumatic  patients.  It  reduces  hemodynamic,
espiratory  and  systemic  side  effects  of  conventional  spi-
al  anesthesia.  In  unilateral  spinal  anesthesia,  the  lowest
ossible  dose  of  local  anesthetics  is  used.  It  is  therefore
ikely  that  the  analgesic  effects  and  the  quality  of  the  sen-
ory  and  motor  blocks  are  reduced.  To  overcome  this  defect,
ome  adjuvants  can  be  added  to  local  anesthetics.  One  of
he  drugs  traditionally  used  for  this  purpose  is  opioid  and

n  particular  fentanyl  which  has  side  effects  such  as  itching
nd  respiratory  depression.3 Dexmedetomidine  is  an  Alpha2
gonist  which  has  recently  been  increasingly  popular.  It  is
dded  to  the  local  anesthetics  as  an  adjuvant  for  regional
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locks.  According  to  the  studies,  intrathecal  dexmedetomi-
ine  has  improved  the  properties  of  the  block.4 It  also  plays
n  important  role  in  alleviating  the  visceral  pain  by  stimula-
ing  Alpha2-Adrenergic  Receptors  (�2-ARs)  in  the  posterior
pinal  cord.5 This  study  aimed  to  compare  the  effects
f  bupivacaine---saline,  bupivacaine---dexmedetomidine  and
upivacaine---fentanyl  on  the  properties  of  unilateral  spinal
lock  in  calf  surgery  patients.

ethods

fter  approval  by  Kurdistan  University  of  Medical  Sciences
thics  committee,  registration  of  study  in  Iranian  Registry  of
linical  Trail  (IRCT20161031030601N2),  and  given  informed
onsent,  this  double  blind,  and  parallel  clinical  trial  was
onducted  in  accordance  with  the  Helsinki  Declaration  on
0  patients  with  American  Society  of  Anesthesiologist  physi-
al  status  I  or  II,  aged  18---70  which  posted  for  elective  calf
urgery  in  Kawsar  Hospital,  Sanandaj,  Iran  from  February  to
uly  2018.

Patients  with  contraindication  of  the  spinal  block,  his-
ory  of  dyspnea,  diabetes,  renal  or  hepatic  disease,  history
f  addiction,  alcoholism  and  antiepileptic  or  analgesics  drug
ntake  were  excluded  from  the  study.  In  addition,  patients
ho  had  pain  during  the  procedure  due  to  insufficiency  of
he  anesthesia  and  needed  systemic  analgesics  during  sur-
ery,  were  also  excluded  from  the  study.  An  anesthesiologist
ho  was  not  involved  in  collecting  data’s,  enrolled  parti-
ipants  to  study,  and  randomly  allocated  them  into  three
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Comparison  of  fentanyl  and  dexmedetomidine  as  adjuvants  

groups  using  a  computerized  random  number  table.  The
patient  was  visited  and  evaluated  day  before  the  surgery  and
received  information  about  the  procedure  of  anesthesia.

On  the  day  of  surgery,  all  patients  were  fast.  After  the
patients  were  laid  on  the  operating  bed,  standard  car-
diac  monitoring  (ECG),  Noninvasive  Blood  Pressure  (NIBP)
and  Pulse  Oximetry  (SpO2)  were  performed  using  a  multi-
parameter  monitoring  system.  In  addition,  Heart  Rate  (HR),
peripheral  blood  oxygen  saturation  (SpO2),  and  mean  arte-
rial  pressure  (MAP)  were  recorded.  Having  fixed  the  18G
venous  cannula,  all  patients  were  injected  with  5  mL.kg−1

Ringer  fluid.  None  of  the  patients  were  given  premedication.
The  spinal  anesthesia  technique  was  similar  in  all  pati-

ents  as  follows:  The  patients  were  put  in  the  lateral
position  and  the  limb  that  was  to  be  operated  was  put
on  the  lower  side.  After  Prep  and  Drep,  a  25  G  Quincke
spinal  needle  was  used  to  inject  the  drug  to  L3---L4  or
L4---L5  interspace  level  at  0.2  mL.s−1 speed.  While  injec-
ting  the  drug,  the  bevel  of  the  needle  was  pointed  down.
All  patients  received  oxygen  at  5---6  L.min−1 via  face  mask
during  anesthesia.  The  local  anesthetic  dosage  was  simi-
lar  in  all  patients  and  included  1  mL  of  bupivacaine
0.5%  (5  mg).  Accordingly,  25  �g fentanyl,  5  �g  of  dex-
medetomidine  and  0.5  mL  of  saline  were  added  to  the
Bupivacaine---Fentanyl  (BF),  Bupivacaine---Dexmedetomidine
(BD),  and  the  Bupivacaine---Saline  (BS)  groups,  respectively.

Similar  to  BS  group,  the  volume  of  the  drug  injected
into  the  BF  and  BD  groups  reached  1.5  mL  by  adding  normal
saline.  The  sterilized  drug  was  prepared  by  an  anesthetist
nurse  who  had  read  the  patient’s  grouping  on  a  computeri-
zed  sheet.  According  to  the  patient  group,  she  prepared  the
spinal  anesthetic  drug  without  mentioning  the  name  of  the
group  and  the  name  of  the  drug.  The  anesthesiologist  that
carried  out  the  spinal  block,  did  not  know  the  content  of  the
drug  which  is  supposed  to  be  injected.

Having  injected  the  drug,  the  needle  was  removed  and
patients  remained  in  the  lateral  position  for  15  min  and  then
were  turned  to  the  supine  position.  The  injector  then  moni-
tored  the  patient  and  evaluated  the  outcomes  of  the  study.
Both  of  patients,  and  outcome  evaluator  were  blinded  to
patient  groups.

The  primary  outcome  of  the  study  included  the  duration
of  the  sensory  and  motor  blocks  in  the  dependent  limb.  The
duration  of  the  sensory  block  was  measured  based  on  the
time  interval  from  the  start  of  the  block  to  sensory  block
regression  to  the  S5  dermatome  using  loss  of  pressure  sense
with  pinprick  test.  The  duration  of  the  motor  block  was  mea-
sured  based  on  the  block  start  time  to  the  block  regression
to  the  grade  one.  The  motor  blockade  was  assessed  using
Bromage  scale6 as  follows:  (1)  free  movement  of  legs  and
feet;  (2)  just  able  to  flex  knees  with  free  movement  of  feet;
(3)  unable  to  flex  knees,  but  with  free  movement  of  feet;
(4)  unable  to  move  legs  or  feet.

The  post-operative  analgesia  and  changes  in  blood
pressure  and  heart  rate  were  measured  over  time.  The  post-
operative  pain  was  also  measured  using  Visual  Analog  Scale
(VAS)  24  h  after  surgery  at  6  h  intervals.  The  mean  arterial
blood  pressure  and  heart  rate  were  measured  at  0  (base-

line),  5,  10,  15,  30,  60,  and  90  min.

Patients  were  also  monitored  during  surgery  and  reco-
very  from  hypotension,  bradycardia,  shivering,  and  nausea
or  vomiting.  Hypotension  was  defined  as  MAP  drop  (more

d

2
a

wer  limb  surgery  371

han  30%  baseline)  or  SBP  ≤  90  mmHg  and  bradycardia  as
eart  rate  (less  than  30%  baseline)  or  HR  ≤  40  min.  In  the
ase  of  bradycardia  and  hypotension,  Ephedrine  (5  mg)  and
tropine  (0.5  mg)  were  used  as  rescue  drugs  respectively.  In
he  case  of  severe  shivering,  meperidine  (25  mg)  was  taken,
hile  in  case  of  vomiting  or  severe  nausea,  2  mg  of  intra-
enous  ondansetron  was  taken.  Patients  who  had  a  VAS  ≥  4
ere  injected  with  meperidine  0.5  mg.kg−1 (up  to  50  mg).
urthermore,  the  total  dosages  of  needed  systemic  analge-
ics  to  relieve  the  patient’s  pain  in  24  h  were  recorded.

tatistics

he  sample  size  was  calculated  based  on  the  detection
f  30%  differences  in  duration  of  sensory  block  between
exmedetomidine---bupivacaine  and  plain  bupivacaine  after
nilateral  spinal  anesthesia  in  previous  investigation7 given
5%  confidence  level  and  99%  test  power,  30  patients  per
roup  were  required.  The  software  STATA  12  was  used  to
nalyze  the  data.  Demographic  data  and  duration  of  sur-
ery  was  evaluated  using  One-Way  ANOVA  and  Chi  square
est.  Having  estimating  the  concentration  and  dispersion
ndices  for  quantitative  variables  and  the  frequency  dis-
ribution  table  for  qualitative  variables  Kruskal---Wallis  and
ann---Whitney  test  were  used  to  examine  the  sensory  and
otor  block.  Hemodynamic  changes  during  anesthesia  were

nalyzed  with  repeated  measures  test.  The  significance
evel  was  p  <  0.05  in  all  phases.

esults

f  the  114  patients  that  participated  in  the  study,  94  were
ivided  into  3  groups,  and  the  collected  data  of  90  patients
ere  analyzed  (30  in  each  groups).  Flowchart  of  participants

n  the  3  groups  presented  in  Fig.  1. There  were  no  signifi-
ant  differences  between  the  3  groups  in  terms  of  age,  sex,
eight  and  duration  of  surgery  (Table  1).  The  duration  of
otor  block  in  dependent  limb  was  significantly  higher  in

he  BF  Group  (95  min)  than  the  BS  and  BD  Groups  (84  and
2  min),  respectively  (p  =  0.001).  Likewise,  the  duration  of
he  sensory  block  in  dependent  limb  was  significantly  higher
n  the  BF  and  BD  Groups  than  BS  Group.  All  patients  showed
ome  degree  of  sensory  block  in  the  symmetric  area  for  non-
urgery  limb  in  all  three  groups,  and  duration  of  sensory
lock  regression  to  S5  dermatome  did  not  differ  significantly
etween  the  three  groups  in  independent  limb.  The  motor
lock  in  non-surgery  limb  was  not  significantly  different  in
he  three  groups  (p  =  0.116)  (Table  2).  VAS  was  significan-
ly  lower  in  the  BF  and  BD  Groups  than  the  BS  Group  in
,  12  and  24  h  after  surgery  (p  =  0.016)  (Table  2).  According
o  the  Repeated  Measure  groups  and  in  relation  to  baseline
alues  at  different  times  were  not  statistically  significant.
ncidence  of  spinal  anesthesia  side  effects,  in  the  BS,  BD,
nd  BF  Groups  for  hypotension  (3.3%,  6.6%  and  6.6%),  brady-
ardia  (0%  in  all  three  groups),  shivering  (3.3%,  0%  and  0%),
nd  nausea  or  vomiting  (6.6%,  6.6%  and  10%  respectively)
ere  similar  in  the  patients,  and  there  was  no  significant

ifference  between  the  3  groups  (p  >  0.05).

The  meperidine  used  as  rescue  drug  for  pain  relief  in
4  h  was  comparable  in  3  groups  (23.2  ±  7  mg,  24.9  ±  7  mg
nd  22.9  ±  9  mg  in  BS,  BD  and  BF  groups,  respectively  and
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Enrollment Assessed for eligibility (n=114)

Excluded (n=4)

Not meeting inclusion criteria (n=6)

Randomized (n=94)

Received allocated inte rvention (n=32)Received allocated inte rvention (n=31)

Allocation

Received allocated intervention (n=31)

Allocation to intervention (n=31) Allocation to intervention (n=31) Allocation to intervention (n=32)

Follow-up

Lost follow-up (n=0)

Discontinued intervention (n=1)
Discontinued intervention (n=0)

Lost follow-up (totally  failure of
blo ck) (n=1)

Lost foll ow-up (inadequate  blo ck resulted
to change in anesthesia method) (n=1)

Discontinued intervention (n=1)

Analysis

Analysis (n=30)

Excluded from analysis (n=0) Excluded from analysis (n=0) Excluded from analysis (n=0)

Analysis (n=30) Analysis (n=30)

Figure  1  Flow  diagram  of  participants  in  the  three  groups  of  study.

Table  1  Data  related  to  patients  and  duration  of  surgery.

Variable  Bupivacaine---Saline
(n  =  30)

Bupivacaine---Fentanyl
(n  =  30)

Bupivacaine---Dexmedetomidine
(n  =  30)

p-value

Age  (year)  mean  ±  SD  40.63  ±  14.59  34.7  ±  15.6  39.6  ±  13.9  0.279a

Weight  (kg)  mean  ±  SD  76.6  ±  5.5  73.5  ±  11.13  74.6  ±  11.32  0.436a

Duration  of  surgery  (min)  57.87  ±  8.8  56.2  ±  11.53  59.7  ±  11.7  0.134a

Sex  (M/F)  22  (73.3%)/8  (26.7%)  23  (76.7%)/7
(23.3%)

25  (83.3%)/5  (16.7%)  0.638b

Values are expressed as mean ± SD or number of patient (%).
a One-Way ANOVA test were used to compare the variables among three groups.
b Chi square test were used to compare sex in three groups.
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here  was  no  significant  difference  between  the  3  groups
p  = 0.092).

iscussion

nilateral  spinal  anesthesia  is  a  simple  and  safe  technique
or  unilateral  surgery  of  the  lower  abdomen  and  lower  limbs.
n  this  method,  the  minimum  dose  of  local  anesthetics  is
sed  and  adjuvants  can  be  used  to  improve  the  block  quality
nd  prolong  the  duration  of  analgesia.  Therefore  selecting
ifferent  compounds  and  appropriate  doses  of  adjuvants
dded  to  local  anesthetics  is  a  vital  process  that  affects  the
uration  and  termination  of  the  sensory  and  motor  blocks,  as

ell  as  spinal  complications.8 So  adjuvants  should  be  selec-

ed  with  great  care.
According  to  the  results  of  the  present  study,  the  addi-

ion  of  both  fentanyl  and  dexmedetomidine  to  bupivacaine

s
l
f
t

n  unilateral  spinal  anesthesia  increased  the  duration  of
otor  block  in  the  dependent  limb  and  this  increase  was

ignificantly  higher  in  the  fentanyl  group  than  in  the  dex-
edetomidine  group.  Several  studies  on  the  addition  of

entanyl  and  dexmedetomidine  to  bupivacaine  in  bilateral
pinal  anesthesia,  the  effects  of  these  adjuvants  on  the
uration  of  the  motor  and  sensory  blocks,  and  on  post-
perative  analgesia  have  been  conducted.  Gupta  et  al.9 used

 combination  of  bupivacaine  12.5  mg  plus  5  �g  of  dexmede-
omidine  or  12.5  mg  of  bupivacaine  plus  25  �g  of  fentanyl  in
he  spinal  anesthesia  for  lower  abdominal  surgery  in  two
roups  consisting  of  30  patients  and  concluded  that  the
ddition  of  dexmedetomidine  increased  the  duration  of  the
otor  block  as  compared  with  the  fentanyl.  Also,  the  regres-

ion  time  of  the  sensory  block  to  the  S1  dermatome  was

onger  in  the  dexmedetomidine  group  as  compared  with  the
entanyl.  It  was  concluded  that  dexmedetomidine  significan-
ly  increased  the  duration  of  motor  and  sensory  blocks  and
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Table  2  Characteristics  of  block  in  two  limbs  and  Visual  Analog  Scale  (VAS)  in  three  study  groups.

Variable Bupivacaine---Saline
(n  =  30)

Bupivacaine---Fentanyl
(n =  30)

Bupivacaine---Dexmedetomidine
(n =  30)

Intergroup  significance

Duration  of  any  degree  of  Motor
block  in  dependent  limb  (min)

84 ±  10 95  ±  5 92 ±  12 p-Value  (BF---BD):  0.135
p-Value
(BD---BS)  =  0.001a

p-Value
(BF---BS)  =  0.000a

Duration  of  any  degree  of  Motor
block  in  independent  limb  (min)

41 ±  7 43 ±  5 43 ±  11 p-Value  (BS---BD):  0.116
p-Value  (BD---BF)  =  0.976
p-Value  (BF---BS)  =  0.123

Intensity  of  Motor  block  in
independent  limb  (Bromage),  n
(%)

0.093

1  0  (0) 0  (0) 0  (0)
2  29  (26.6) 26  (86.6) 26  (86.6)
3  1  (3.3) 4  (13.3) 4  (13.3)
4  0  (0) 0  (0) 0  (0)
Duration  of  any  degree  of
Sensory  block  in  dependent  limb
(min)

157  ±  31 169  ±  14 166  ±  18 Kruskal---Wallis;
p-value:  0.001
Mann---Whitney;
p-Value  (BS---BF):  0.003a

p-Value  (BS---BD):  0.012a

p-Value  (BF---BD):  0.42
Duration  of  any  degree  of
Sensory  block  in  independent
limb  (min)

78 ±  88 82  ±  12 84  ±  19 Kruskal---Wallis;
p-value:  0.576
Mann---Whitney;
p-Value  (BS---BF):  0.643
p-Value  (BS---BD):  0.287
p-Value  (BF---BD):  0.921

Maximum  level  of  sensory  block  in
dependent  limb,  n  (%)

0.71

T6  1  (3.3%) 1  (3.3%)  0  (0)
T8  4  (13.3%) 3  (10%) 4  (13.3%)
T10  22  (73.3%) 23  (76.6%) 22  (73.3%)
T12  3  (10%)  3  (10%)  4  (13.3%)
Maximum  level  of  sensory  block  in

independent  limb,  n  (%)
0.43

T8  0  (0) 0  (0) 0  (0)
T10  1  (3.3%)  0  (0%)  1  (3.3%)
T12  12  (40%)  14  (46.6%)  11  (36.6%)
L1  17  (56.6%) 16  (53.3%) 18  (60%)
VAS Kruskal---Wallis
6  h  3.8  ±  0.4  3.4  ±  0.8  3.2  ±  0.9  p-Value

(BS---BF)  =  0.045a

12  h 3.7  ±  1.2 3.3  ±  1.3 3.1  ±  1.1 p-Value  (BS---BD)
=  0.016a

24  h  1.6  ±  0.4  1.4  ±  0.6  1.3  ±  0.4  p-Value  (BF---BD)  =  0.318
Values are expressed as mean ± SD or number of patient (%).

a Kruskal---Wallis test and Mann---Whitney test were used to compare variables among 3 groups.
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iminished  the  need  for  analgesic  within  24  h  as  compared
ith  the  fentanyl.  Saadalla  and  Khalifa10 divided  60  patients

nto  3  groups  in  a  study  and  spinal  anesthesia  was  completed
ith  15  mg  bupivacaine  in  each  group.  Accordingly,  10  mcg
f  dexmedetomidine,  25  �g  of  fentanyl  and  0.5  mL  of  saline
ere  added  to  each  group,  respectively.  They  concluded

hat  the  addition  of  10  �g  of  dexmedetomidine  prolonged
he  duration  of  the  sensory  and  motor  blocks  as  compa-
ed  with  25  �g  of  fentanyl  and  further  reduced  the  need
or  analgesic  drugs  within  24  h  after  surgery.

The  results  of  these  two  studies  are  not  consistent  with
ur  study.  The  reason  for  this  inconsistency  in  the  results
s  not  known  because  in  both  studies,  the  dosage  of  fen-
anyl  added  was  similar  to  the  present  study.  In  addition,
he  dosage  of  dexmedetomidine  was  similar  with  the  pre-
ent  study  in  the  first  study  but  it  was  higher  than  the  present
tudy  in  the  next  study.  Fentanyl  binds  to  the  opioid  recep-
ors  in  the  brain  and  spinal  cord  and  inhibits  the  release  of
he  nociceptive  transmitter  of  substance  P.

In  addition  to  increasing  the  duration  of  the  regional
lock,  combining  fentanyl  with  local  anesthetics  increases
he  quality  of  the  block.11 The  effects  of  intrathecal  fentanyl
an  be  attributed  to  its  combination  with  opioid  receptors
n  the  dorsal  horn  of  spinal  cord.12 While  the  mechanism
y  which  �2-ARs  increase  the  sensory  and  motor  blocks
f  the  local  anesthetics  is  yet  to  be  well  understood,  and
t  optimum,  it  is  subjective.  There  may  be  a  synergistic
r  secondary  additive  effect  between  the  mechanisms  of
ocal  anesthetics  and  �2-ARs  but  this  behavior  cannot  be
ttributed  to  a  change  in  the  systemic  absorption  of  local
nesthetics  because  the  plasma  levels  of  bupivacaine  did
ot  change  when  it  was  added  to  the  intrathecal  clonidine.13

dditionally,  �2-ARs  act  by  binding  to  the  pre-synaptic  C
bers  and  post-syntactic  neurons  of  the  posterior  horn.

Accordingly,  �2-AR  agonists  produce  analgesia  by  sup-
ressing  the  secretion  of  fiber  C  transmitters  and  using  the
yperpolarization  of  post-syntactic  neurons  of  the  posterior
orn.14 It  is  probable  that  prolonging  the  motor  block  of  the
pinal  anesthetics  results  from  the  binding  of  the  �2-AR  ago-
ists  to  the  motor  neurons  in  the  posterior  horn,13,14 while
ocal  anesthetics  act  by  blocking  the  sodium  channels.

According  to  the  results  of  the  present  study,  the  dura-
ion  of  the  sensory  block  was  longer  in  BF  and  BD  groups
n  compare  with  BS  group.  Nayagam  et  al.15 evaluated  the
ffect  of  adding  both  fentanyl  and  dexmedetomidine  on  the
roperties  of  the  block.  In  their  study  conducted  on  150
atients,  fentanyl  and  dexmedetomidine  were  added  to  low
ose  of  bupivacaine  in  lower  abdominal  surgery  while  the
atients  were  placed  in  the  lateral  position  and  turned  later
o  Trendelenburg  position.

According  to  their  results,  the  effects  of  fentanyl  and
exmedetomidine  on  sensory  block  during  spinal  anesthesia
howed  no  difference.15 These  results  were  not  in  agree-
ent  with  the  results  of  the  present  study.  The  results  of

urrent  study  showed  that  keeping  patients  in  the  lateral
osition  for  15  min  did  not  completely  prevent  the  sensory
nd  motor  blocks  in  the  upper  side,  although  the  depth  of
he  block  was  minor  and  the  duration  of  the  block  in  the

ndependent  limb  were  significantly  shorter  than  the  lower
imb.

Therefore,  we  were  unsuccessful  in  achieving  a  com-
lete  unilateral  anesthesia.  Tekye  and  Alipour16 were  able

n
t
t
p

N.  Taher-Baneh  et  al.

o  perform  successful  unilateral  spinal  anesthesia  in  94%
f  patients  by  injecting  a  1.5  mL  of  0.5%  bupivacaine  and
lacing  them  in  lateral  position  for  20  min.  These  results
re  not  in  agreement  with  the  results  of  the  present  study.
hese  differences  may  be  attributed  to  the  type  of  drugs
sed.  Although,  the  base  of  intrathecal  injected  drug  was

 mL  of  0.5%  heavy  bupivacaine  in  the  present  study,  howe-
er,  the  volume  of  primary  drug  was  increased  to  1.5  mL
y  adding  0.5  mL  saline.  This  could  change  the  baricity  of
upivacaine  and  close  that  from  hyperbaric  to  an  isobaric
rug.  Kuusniemi  et  al.17 believe  that  hyperbaric  bupivacaine
s  more  effective  than  isobaric  bupivacaine  in  achieving
nilateral  spinal  anesthesia,  although  this  argument  was  dis-
egarded  by  the  results  of  Van  Tuijl  et  al.18 They  injected

 mg  of  hyperbaric  bupivacaine  with  15  and  30  �g  of  clo-
idine  and  concluded  that  less  than  50%  of  patients  who
eceived  15  mcg  of  clonidine  and  30%  of  patients  who  recei-
ed  30  mcg  of  clonidine  were  classified  as  unilateral  spinal
nesthesia  and  the  rest  were  bilateral.18

The  second  influential  factor  is  the  patient’s  position.
he  patient’s  position  affects  the  distribution  of  the  drugs,
s  soon  as  the  intrathecal  drugs  are  injected.  The  longer  the
atient  in  the  lateral  position,  the  higher  the  probability  of
chieving  success  in  unilateral  spinal  anesthesia.  Since  the
istance  between  the  neural  roots  in  the  lumbar  is  about
0---15  cm,  even  by  injecting  hyperbaric  drugs  and  the  pati-
nt  being  in  the  lateral  position,  the  drug  can  distribute  to
pward  for  30---60  min.

Another  reason  for  difference  between  the  results  of  the
resent  study  and  the  previous  study  is  the  method  of  exa-
ining  the  sensory  and  motor  blocks.  We  used  the  Pinprick

est  in  the  S5  dermatome  for  evaluating  the  sensory  block
egression,  and  the  modified  Bromage  scale  (1---4)  for  motor
lock  evaluation.  While  in  other  studies,  the  Bromage  scale
0---5)  was  used  to  evaluate  the  motor  block.  Perhaps  none  of
hese  two  used  scales  in  the  present  study  were  sufficient
o  carry  out  surgery  in  the  dependent  limb.  So,  anesthe-
ia  has  been  practically  unilateral,  despite  some  degree  of
ensory  and  motor  blocks  in  the  upper  limb.  Furthermore,
he  results  of  the  present  study  showed  that  during  the  24  h
fter  surgery,  the  pain  was  lower  in  the  BD  and  BF  groups
han  the  BS  group.  In  a  study  by  Safari  et  al.,7 the  addition  of
exmedetomidine  to  bupivacaine  caused  less  postoperative
ain  than  saline.

In  a  study  on  84  patients  who  underwent  cesarean
ection,  Li  et  al.19 reported  that  the  addition  of  dexmedeto-
idine  to  bupivacaine  resulted  in  an  efficient  analgesia  after

urgery  as  compared  with  fentanyl  or  clonidine.  The  results
f  these  two  studies  are  in  agreement  with  the  findings  of  the
resent  study.  It  has  been  found  that  �2 intrathecal  recep-
ors  have  anti-nociceptive  function  on  both  somatic  and
isceral  pain.8 Dexmedetomidine  affects  these  receptors
y  its  analgesic  effects.  The  analgesic  effects  of  intrathe-
al  dexmedetomidine  are  facilitated  by  hyperpolarization  of
on-adrenergic  neurons  which  suppress  neuronal  stimulation
n  the  locus  coeruleus.  This  process  results  in  the  activation
f  the  �2-AR  switch,  causing  the  suppression  of  epinephrine
ecretion  and  inhibition  of  its  activity  in  the  descending  spi-

al  noradrenergic  route.  The  suppression  of  the  activity  in
he  noradrenergic  pathway,  which  decreases  the  nocicep-
ive  transmitter,  may  terminate  the  pain.20 The  results  of
resent  study  showed  that  unilateral  spinal  anesthesia  with
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Comparison  of  fentanyl  and  dexmedetomidine  as  adjuvants  

bupivacaine  and  the  addition  of  add-ons  of  dexmede-
tomidine  and  fentanyl  did  not  significantly  change  the
parameters  of  MAP  and  HR.

The  results  of  most  studies9,11,19 in  this  area  are  in  agre-
ement  with  the  findings  of  the  present  study,  while  Safari
et  al.7 showed  that  heart  rate  and  blood  pressure  were
higher  in  the  dexmedetomidine  group  than  in  the  fentanyl
and  saline  groups.  This  difference  can  probably  be  attribu-
ted  to  the  type  of  patients  selected  in  the  latter  study,  which
was  performed  on  addicted  patients.  The  hemodynamic  sta-
bility  of  the  unilateral  spinal  anesthesia  is  because  of  the  low
dosage  of  bupivacaine  and  the  limited  block  of  sympathetic
system.  In  this  study,  the  lack  of  control  group  for  bilateral
spinal  anesthesia  was  an  evident  limitation  which  could  have
been  helpful  in  comparing  the  duration  of  the  sensory  and
motor  blocks,  the  analgesics,  and  the  hemodynamic  chan-
ges  of  the  unilateral  and  bilateral  spinal  anesthesia.  In  the
present  study  the  adequacy  of  the  sensory  block  for  indepen-
dent  limb  surgery  was  not  thoroughly  investigated.  Although
all  patients  in  this  study  showed  some  degree  of  sensory  and
motor  blocks  in  the  upper  limb,  it  seems  that  this  degree  of
block  was  not  adequate  for  surgery.  Furthermore,  the  sen-
sory  block  level  was  not  studied.  This  could  have  helped
in  determining  whether  a  dose  of  5  mg  of  bupivacaine  in  a
unilateral  spinal  is  enough  for  surgery  in  which  level,  and
distribute  to  what  level?  Our  patients  underwent  elective
calf  surgery  that  required  low  levels  of  sensory  block.

Limitation

Thought,  meperidine  is  not  a  popular  drug  for  post-operative
analgesia;  however,  due  to  shortage  of  other  opioid  analge-
sics  in  our  center,  the  only  two  drugs  that  were  available
for  post-operative  pain  relief  were  morphine  sulfate  and
meperidine.  This  study  was  designed  in  such  a  way  that  we
used  meperidine  for  post-operative  analgesia.  The  rational
for  choosing  meperidine  was  based  on  its  vagolytic  proper-
ties  and  lack  of  histamine  release  in  compare  to  morphine
sulfate.

Conclusion

Based  on  study  results,  it  can  be  concluded  that  the  addition
of  dexmedetomidine  and  fentanyl  to  bupivacaine  in  unila-
teral  spinal  anesthesia  can  increase  the  duration  of  motor
and  sensory  blocks  in  the  dependent  limb  and  prolong  the
duration  of  postoperative  analgesia.

Funding

Kurdistan  University  of  Medical  Sciences.
Registration  number:  IRCT20161031030601N2
Name  of  the  registry:  Iranian  Registry  of  Clinical  Trials
URL:  http://www.irct.ir/search/result?query=IRCT20161
031030601N2
Conflicts of interest

The  authors  declare  no  conflicts  of  interest.
1

wer  limb  surgery  375

cknowledgement

he  current  study  is  the  results  of  an  anesthesiology  resi-
ency  thesis  submitted  to  the  Faculty  of  Medicine,  Kurdistan
niversity  of  Medical  Sciences,  Kurdistan,  Iran.  The  authors
hank  the  Vice  Chancellor’s  office  for  Research  Affairs  of
urdistan  University  of  Medical  Sciences  for  the  grant  sup-
orting  of  the  present  study.

eferences

1. Henke VG, Bateman BT, Leffert LR. Focused review:
spinal anesthesia in severe preeclampsia. Anesth Analg.
2013;117:686---93.

2. Casati A, Moizo E, Marchetti C, et al. A prospective, rando-
mized, double-blind comparison of unilateral spinal anesthesia
with hyperbaric bupivacaine, ropivacaine, or levobupivacaine
for inguinal herniorrhaphy. Anesth Analg. 2004;99:1387---92.

3. Pöpping DM, Elia N, Marret E, et al. Opioids added to local
anaesthetics for single-shot intrathecal anesthesia in patients
undergoing minor surgery: a meta-analysis of randomized trials.
Pain. 2012;153:784---93.

4. Marhofer P, Brummett CM. Safety and efficiency of dexmedeto-
midine as adjuvant to local anesthetics. Curr Opin Anaesthesiol.
2016;29:632---7.

5. Sudheesh K, Rao RR, Kavya M, et al. Comparative study of two
doses of intrathecal dexmedetomidine as adjuvant with low
dose hyperbaric bupivacaine in ambulatory perianal surgeries:
a prospective randomised controlled study. Indian J Anaesth.
2015;59:648.

6. Bromage PR. Epidural analgesia. Philadelphia: WB Saunders;
1978. p. 144.

7. Safari F, Aminnejad R, Mohajerani SA, et al. Intrathecal dex-
medetomidine and fentanyl as adjuvant to bupivacaine on
duration of spinal block in addicted patients. Anesth Pain Med.
2016;6:e26714.

8. Bottros MM, Christo PJ. Current perspectives on intrathecal drug
delivery. J Pain Res. 2014;6:615---26.

9. Gupta R, Verma R, Bogra J, et al. A comparative study of
intrathecal dexmedetomidine and fentanyl as adjuvants to
bupivacaine. J Anaesthesiol Clin Pharmacol. 2011;27:339.

0. Saadalla AET, Khalifa OYA. Influence of addition of dex-
medetomidine or fentanyl to bupivacaine lumber spinal
subarachnoid anesthesia for inguinal hernioplasty. Anesth Essays
Res. 2017;11:554---7.

1. Kanjhan R. Opioids and pain. Clin Exp Pharmacol Physiol.
1995;22:397---403.

2. Sun S, Wang J, Bao N, et al. Comparison of dexmedetomidine
and fentanyl as local anesthetic adjuvants in spinal anesthesia:
a systematic review and meta-analysis of randomized controlled
trials. Drug Des Devel Ther. 2017;11:3413.

3. Kanazi GE, Aouad MT, Jabbour-Khoury SI, et al. Effect of
low dose dexmedetomidine or clonidine on the characteris-
tics of bupivacaine spinal block. Acta Anaesthesiol Scand.
2006;50:222---7.

4. Al Ghanem SM, Massad IM, Al-Mustafa MM, et al. Effect of adding
dexmedetomidine versus fentanyl to intrathecal bupivacaine
on spinal block characteristics in gynecological procedures: a
double blind controlled study. Am J Appl Sci. 2009;6:882---7.

5. Nayagam HÁ, Singh NR, Singh HS. A prospective randomised dou-
ble blind study of intrathecal fentanyl and dexmedetomidine

added to low dose bupivacaine for spinal anesthesia for lower
abdominal surgeries. Indian J Anaesth. 2014;58:430---5.

6. Tekye SM, Alipour M. Comparison of the effects and
complications of unilateral spinal anesthesia versus standard

http://www.irct.ir/search/result?query=IRCT20161031030601N2
http://www.irct.ir/search/result?query=IRCT20161031030601N2
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0105
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0105
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0105
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0105
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0105
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0105
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0105
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0105
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0105
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0105
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0105
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0105
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0105
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0105
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0105
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0105
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0105
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0105
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0105
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0105
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0105
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0110
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0110
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0110
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0110
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0110
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0110
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0110
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0110
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0110
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0110
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0110
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0110
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0110
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0110
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0110
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0110
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0110
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0110
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0110
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0110
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0110
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0110
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0110
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0110
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0110
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0110
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0110
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0110
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0110
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0110
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0110
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0110
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0110
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0110
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0110
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0115
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0115
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0115
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0115
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0115
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0115
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0115
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0115
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0115
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0115
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0115
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0115
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0115
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0115
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0115
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0115
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0115
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0115
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0115
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0115
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0115
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0115
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0115
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0115
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0115
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0115
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0115
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0115
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0115
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0115
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0115
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0115
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0115
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0115
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0120
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0120
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0120
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0120
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0120
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0120
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0120
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0120
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0120
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0120
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0120
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0120
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0120
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0120
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0120
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0120
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0120
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0120
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0120
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0120
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0120
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0120
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0120
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0120
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0125
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0125
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0125
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0125
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0125
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0125
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0125
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0125
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0125
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0125
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0125
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0125
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0125
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0125
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0125
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0125
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0125
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0125
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0125
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0125
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0125
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0125
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0125
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0125
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0125
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0125
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0125
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0125
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0125
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0125
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0125
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0125
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0125
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0125
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0125
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0125
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0125
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0130
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0130
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0130
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0130
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0130
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0130
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0130
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0130
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0130
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0130
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0130
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0135
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0135
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0135
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0135
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0135
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0135
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0135
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0135
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0135
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0135
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0135
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0135
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0135
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0135
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0135
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0135
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0135
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0135
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0135
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0135
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0135
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0135
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0135
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0135
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0135
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0135
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0135
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0135
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0135
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0135
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0135
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0140
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0140
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0140
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0140
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0140
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0140
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0140
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0140
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0140
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0140
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0140
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0140
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0140
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0140
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0140
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0140
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0140
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0140
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0140
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0140
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0140
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0145
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0145
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0145
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0145
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0145
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0145
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0145
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0145
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0145
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0145
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0145
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0145
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0145
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0145
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0145
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0145
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0145
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0145
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0145
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0145
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0145
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0145
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0145
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0145
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0145
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0145
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0145
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0150
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0150
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0150
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0150
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0150
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0150
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0150
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0150
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0150
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0150
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0150
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0150
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0150
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0150
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0150
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0150
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0150
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0150
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0150
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0150
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0150
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0150
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0150
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0150
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0150
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0150
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0150
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0150
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0150
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0150
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0150
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0150
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0150
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0155
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0155
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0155
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0155
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0155
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0155
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0155
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0155
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0155
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0155
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0155
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0155
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0155
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0155
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0155
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0155
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0160
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0160
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0160
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0160
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0160
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0160
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0160
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0160
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0160
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0160
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0160
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0160
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0160
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0160
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0160
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0160
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0160
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0160
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0160
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0160
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0160
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0160
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0160
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0160
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0160
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0160
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0160
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0160
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0160
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0160
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0160
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0160
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0160
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0160
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0160
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0160
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0165
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0165
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0165
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0165
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0165
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0165
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0165
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0165
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0165
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0165
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0165
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0165
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0165
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0165
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0165
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0165
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0165
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0165
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0165
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0165
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0165
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0165
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0165
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0165
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0165
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0165
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0165
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0165
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0165
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0165
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0165
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0165
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0170
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0170
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0170
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0170
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0170
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0170
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0170
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0170
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0170
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0170
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0170
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0170
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0170
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0170
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0170
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0170
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0170
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0170
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0170
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0170
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0170
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0170
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0170
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0170
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0170
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0170
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0170
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0170
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0170
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0170
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0170
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0170
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0170
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0170
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0170
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0170
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0170
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0170
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0170
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0170
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0175
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0175
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0175
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0175
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0175
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0175
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0175
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0175
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0175
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0175
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0175
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0175
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0175
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0175
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0175
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0175
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0175
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0175
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0175
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0175
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0175
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0175
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0175
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0175
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0175
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0175
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0175
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0175
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0175
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0175
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0175
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0175
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0175
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0175
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0175
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0175
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0175
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0175
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0180
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0180
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0180
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0180
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0180
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0180
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0180
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0180
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0180
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0180
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0180
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0180
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0180
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0180
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0180
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0180
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0180


3

1

1

1

dine) in caesarean section. Drug Res (Stuttg). 2015;65:5816.
20. Carollo DS, Nossaman BD, Ramadhyani U. Dexmedetomidine:
76  

spinal anesthesia in lower-limb orthopedic surgery. Braz J
Anesthesiol. 2014;64:173---6.

7. Kuusniemi KS, Pihlajamaki KK, Pitkanen MT. A low dose of plain
or hyperbaric bupivacaine for unilateral spinal anesthesia. Reg
Anesth Pain Med. 2000;25:605---10.
8. Van Tuijl I, Giezeman MJ, Braithwaite SA, et al. Intrathecal
low-dose hyperbaric bupivacaine clonidine combination in out-
patient knee arthroscopy a randomized controlled trial. Acta
Anaesthesiol Scand. 2008;52:343---9.
N.  Taher-Baneh  et  al.

9. Li Z, Tian M, Zhang CY, et al. A randomised controlled trial to
evaluate the effectiveness of intrathecal bupivacaine combined
with different adjuvants (fentanyl, clonidine and dexmedetomi-
a review of clinical applications. Curr Opin Anesthesiol.
2008;21:457---61.

http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0180
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0180
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0180
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0180
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0180
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0180
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0180
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0180
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0180
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0180
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0180
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0180
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0180
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0180
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0180
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0185
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0185
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0185
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0185
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0185
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0185
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0185
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0185
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0185
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0185
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0185
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0185
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0185
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0185
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0185
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0185
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0185
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0185
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0185
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0185
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0185
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0185
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0185
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0185
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0185
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0185
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0185
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0185
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0185
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0185
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0185
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0185
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0185
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0190
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0190
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0190
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0190
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0190
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0190
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0190
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0190
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0190
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0190
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0190
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0190
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0190
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0190
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0190
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0190
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0190
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0190
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0190
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0190
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0190
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0190
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0190
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0190
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0190
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0190
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0190
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0190
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0190
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0190
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0190
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0190
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0190
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0190
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0195
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0195
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0195
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0195
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0195
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0195
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0195
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0195
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0195
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0195
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0195
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0195
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0195
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0195
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0195
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0195
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0195
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0195
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0195
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0195
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0195
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0195
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0195
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0195
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0195
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0195
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0195
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0195
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0195
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0195
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0195
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0195
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0195
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0195
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0195
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0195
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0195
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0195
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0200
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0200
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0200
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0200
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0200
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0200
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0200
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0200
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0200
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0200
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0200
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0200
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0200
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0200
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0200
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0200
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0200
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0200
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0200
http://refhub.elsevier.com/S0104-0014(19)30036-3/sbref0200

	Comparison of fentanyl and dexmedetomidine as an adjuvant to bupivacaine for unilateral spinal anesthesia in lower limb su...
	Introduction
	Methods
	Statistics
	Results
	Discussion
	Limitation
	Conclusion
	Funding
	Conflicts of interest
	Acknowledgement
	References


