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Abstract
Background:  The  lateral  sagittal  brachial  plexus  block  is  the  most  used  method  for  pediatric
upper extremity  surgery,  whereas  the  applications  of  costoclavicular  brachial  plexus  block  are
limited. This  study  aimed  to  compare  the  lateral  sagittal  and  costoclavicular  approaches  for
the ultrasound-guided  infraclavicular  block  in  pediatric  patients.
Methods:  Sixty  pediatric  patients  aged  5---15  years  undergoing  hand  or  forearm  surgery  were
randomly  assigned  to  two  groups.  Group  LS  (n  =  30)  received  ultrasound-guided  lateral  sagittal
block, and  Group  CC  (n  =  30)  received  ultrasound-guided  costoclavicular  block.  The  block  per-
forming  time,  needling  time,  imaging  time,  needle  visibility,  number  of  passes,  sensorial/motor
block time,  and  postoperative  pain  scores  were  evaluated.
Results:  The  needling  time  (82.90  ±  28.17  seconds  vs.  64.77  ±  28.11  seconds  respectively,
p =  0.004)  and  total  block  performance  time  (109.53  ±  29.75  seconds  vs.  89.70  ±  29.98  seconds
respectively,  p  =  0.005)  were  significantly  longer  in  Group  LS  than  in  Group  CC.  However,  there
was no  significant  difference  between  the  groups  in  imaging  time,  needle  visibility,  number  of
passes, sensorial/motor  block  time,  and  postoperative  pain  scores  (p  >  0.05).
Conclusions:  Costoclavicular  and  lateral  sagittal  brachial  plexus  blocks  resulted  in  similar  anes-
thetics effects.  Moreover,  the  costoclavicular  method  can  be  a  better  alternative  to  lateral
sagittal as  it  has  a  shorter  block  performance  time.
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rachial  plexus  block  is  frequently  used  as  postoperative
nalgesia,  or  as  the  main  anesthetic  method  in  upper
xtremity  surgery.1,2 Brachial  plexus  is  adjacent  to  large
essels  and  vital  structures  such  as  the  pleura  extending
rom  the  interscalene  region  to  the  axillary  region.  Since  this
djacency  is  narrower  in  pediatric  patients,  ultrasonography
ecomes  much  more  critical  in  pediatric  regional  anesthe-
ia  interventions.3,4 Additionally,  ultrasound  (US)  allows  the
ractitioners  to  avoid  potential  complications  such  as  vascu-
ar  puncture  and  pneumothorax  since  it  reveals  the  anatomic
tructures,  needle,  and  local  anesthetic  spreading  in  real
ime.

Lateral  sagittal  technique  for  infraclavicular  brachial
lexus  block  is  often  preferred  for  hand  and  forearm  surg-
ries  in  adults  and  children.  The  local  anesthetic  agent  is
dministered  around  the  axillary  artery,  which  is  located
eep  in  the  pectoral  muscles.  However,  at  this  level,  the
rachial  plexus  cords  are  located  deeply  and  are  separated
rom  each  other.5 In  the  costoclavicular  fossa,  the  cords
re  located  more  on  the  surface  and  are  clustered  with
ach  other  in  the  immediate  lateral  side  of  the  axillary
rtery.6 This  positioning  offers  many  advantages,  including
hort  onset  time  of  blockade  in  single-injection  technique
nd  effective  distribution  of  the  drug  to  all  the  cords  in
lock  catheter  applications.7,8 Although  studies  comparing
oth  methods  in  adult  patients  are  present  in  the  literature,
one  are  available  for  pediatric  patients.

Our  main  objective  was  to  analyze  whether  block  perfor-
ance  time  is  better  in  costoclavicular  block  compared  to

ateral  sagittal  for  pediatric  patients.

ethods

thical  approval  was  obtained  for  this  prospective  ran-
omized  study  from  the  Ethical  Committee  of  Ataturk
niversity.  The  study  was  registered  with  a  clinical  trial
egistry  (ClinicalTrials.gov,  identifier  NCT04215614).  Sixty
merican  Society  of  Anesthesiologists  (ASA)  physical  sta-
us  I---II  patients  aged  5---15  years  who  underwent  hand  or
orearm  surgery  were  included  in  the  study.  Patients  with
espiratory  disease,  infection  in  the  injection  area,  coagu-
opathy,  allergy  to  any  of  the  drugs  to  be  used,  and  previously
nown  neurological  damage  were  excluded  from  the  study.

A  sealed  envelope  randomization  method  was  used  to
andomize  consented  study  participants  on  a  1:1  ratio  to
eceive  the  study  technique.  Patient  groups  were  writ-
en  into  60  opaque  envelopes  and  sealed,  afterward  the
nvelopes  shuffled  like  a  deck  of  cards  and  numbered.
he  patient  who  accepted  to  participate  in  the  study  was
aken  to  the  operating  room.  The  envelope  with  the  patient
umber  was  opened  and  the  patient  was  administered  the
llocated  treatment  regimen.

Group  LS  was  the  lateral  sagittal  block  group  and  Group
C  was  the  costoclavicular  block  group.  All  patients  were

dministered  the  same  anesthetic  protocol.

The  patients  were  administered  0.1  mg.kg-1 of  mida-
olam  intravenously  in  the  premedication  room.  Routine
lectrocardiogram  (ECG),  noninvasive  blood  pressure,  and
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pO2 were  monitored,  and  O2 (2---4  L.min-1)  was  given  via
 nasal  cannula.  During  the  block  procedure  and  operation,

 mg.kg-1 bolus  and  25---50  mcg.kg-1.min-1 propofol  infusion
ere  started  by  spontaneous  breathing.

All  blocks  were  performed  by  anesthesiologists  who  had
t  least  2  years  of  experience  in  USG  regional  anesthe-
ia.  Furthermore,  the  same  USG  device,  high  frequency
inear  probe,  and  block  needle  (22G  50-mm  block  needle
timuplex® Ultra,  Braun,  Germany)  were  used.  The  same
lock  mixture  (2%  lidocaine  and  0.5%  bupivacaine  with  a  vol-
me  of  0.3  mL.kg-1 and  a  ratio  of  1:1)  was  administered  to
ll  the  patients.

Group  LS:  The  intervention  site  and  the  US  probe  were
terilized.  The  head  of  the  patient  was  rotated  to  the  oppo-
ite  direction  of  the  side  to  be  operated.  The  sterile  USG
robe  was  inserted  into  the  lateral  infraclavicular  fossa,
hereby  monitoring  the  axillary  artery  and  the  brachial
lexus  cords  located  around  it.  After  skin  infiltration  with
ocal  anesthetics,  injection  was  made  from  the  cranial  to
he  caudal  using  in-plane  technique.  The  area  between  the
osterior  cord  and  the  axillary  artery  was  accessed,  which
as  followed  by  the  administration  of  the  entire  local  anes-

hetic  solution  to  this  area  after  ensuring  negative  aspiration
f  blood  or  air  (Fig.  1A-B  and  Fig.  2A).

Group  CC:  After  the  sterilization  procedure,  the  head  of
he  patient  was  rotated  to  the  opposite  direction  of  the  side
o  be  operated,  and  the  arm  was  abducted  at  an  angle  of  90◦.
he  sterile  USG  probe  was  placed  on  the  lower  border  of  the
lavicle  in  the  middle  line  parallel  to  it.  The  axillary  artery
nd  the  subclavius  muscle  were  displayed  in  the  costoclavic-
lar  fossa.  Subsequently,  three  cords  of  the  brachial  plexus
ere  displayed  in  the  lateral  side  of  the  axillary  artery.  An

n-plane  technique  at  the  center  of  the  three  brachial  plexus
ords  after  negative  aspiration  of  blood  or  air  was  employed
or  administering  the  injection  (Fig.  1C---D  and  Fig.  2B).

The  blocks  were  checked  using  the  pinprick  test  for
lnar  radial  and  median  nerves  (no  movement  response
o  a  cutaneous  pinprick)  20  minutes  after  the  injection  of
ocal  anesthetic,  and  the  surgery  was  commenced.  Move-
ent  response  after  surgical  incision,  a  10%  increase  in  heart

ate,  and  a  20%  increase  in  respiratory  rate  were  defined  as
n  insufficient  block.  Two  mcg.kg-1 fentanyl  was  adminis-
ered  to  these  patients  with  incremental  boluses.  Transition
o  general  anesthesia  protocol  was  planned  in  patients  who
elt  pain  and  could  not  tolerate  the  surgery  despite  the  bolus
f  fentanyl.

Imaging  time  was  defined  as  the  time  interval  from  the
ontact  of  the  US  probe  with  the  patient  until  obtaining  a
atisfactory  image  of  the  axillary  artery  and  the  brachial
lexus  cords.  The  needling  time  was  defined  as  the  time
rom  the  needle  insertion  until  the  entire  administration  of
he  local  anesthetic  solution.  The  block  performance  time
as  defined  as  the  sum  of  the  imaging  time  and  needling

ime.  The  number  of  needle  passes  was  also  recorded.  Nee-
le  visibility  was  evaluated  using  a  5-point  Likert  scale  (1  =
ery  poor;  2  =  poor;  3  =  fair;  4  =  good;  5  =  very  good).

Motor  blockade  duration  was  defined  as  the  interval
etween  the  brachial  plexus  puncture  time  and  the  move-

ent  of  the  forearm  or  one  of  the  fingers.  Sensory  blockade
uration  was  defined  as  the  interval  between  the  brachial
lexus  puncture  time  and  the  first  dose  of  rescue  analgesia.
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Figure  1  A,  Patient,  ultrasound  set  up  and  needle  orientation  for  lateral  sagittal  block  (LSB);  B,  Sonographic  anatomy  of  LSB;  C,
Sonographic anatomy  of  costoclavicular  block  (CCB);  D,  Patient,  ultrasound  set  up  and  needle  orientation  for  CCB.  PM,  Pectoralis
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ajor; Pm,  Pectoralis  minor;  LC,  Lateral  cord;  PC,  Posterior  c
ubclavius Muscle;  BP,  Brachial  Plexus.

Block  complications  such  as  pneumothorax,  vascular
uncture,  Local  anesthetic  systemic  toxicity,  hematoma,
nd  Horner’s  syndrome  were  recorded.

The  same  protocol  was  applied  for  all  the  groups  for  post-
perative  analgesia.  Patients  with  an  Aldrete  score  of  ≥

 were  referred  to  the  ward.  Postoperative  follow-up  and
valuation  of  the  cases  were  done  by  a  researcher  who  had
o  knowledge  of  the  study  group.  Postsurgical  pain  assess-
ent  was  performed  using  the  Wong---Baker  FACES  Pain  Scale

t  1,  2,  4,  8,  12,  and  24  hours.  In  patients  with  a  pain  score
f  ≥  4,  10  mg.kg-1 paracetamol  was  administered  as  a  rescue
nalgesic,  and  this  period  was  recorded  as  sensory  blockade
uration.

ample  size  estimation  and  statistical  analyses

*Power  (version  3.1.9.2)  was  used  to  estimate  the  sample
ize  (a  priori).  The  primary  aim  was  to  evaluate  the  block

erformance  time.  In  our  pilot  study,  we  found  that  the  block
erformance  time  for  Group  LS  (n  =  10)  was  110  ±  34  seconds
nd  that  for  Group  CC  (n  =  10)  was  86  ±  13  seconds.  When  a
lock  performance  time  difference  between  the  two  groups

c
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 MC,  Medial  cord;  AA,  Axillary  artery;  AV,  Axillary  vein;  ScM,

f  24  seconds  was  regarded  as  significant,  it  was  estimated
hat  a sample  size  of  26  patients  per  study  group  (totally  52
atients)  would  provide  95%  power  with  an  �  error  of  0.05.
o  account  for  an  estimated  dropout,  the  required  sample
ize  was  adjusted  to  30  patients  for  each  group.

The  SPSS  22.0  (SPSS  Inc,  Chicago,  IL)  software  was  used
or  statistical  analyses.  The  Chi-squared  test  was  employed
o  compare  the  categorical  variables  between  the  groups.
ormal  distribution  of  numerical  parameters  was  investi-
ated  using  the  Kolmogorov---Smirnov  and  histogram  tests.
tudent’s  t-test  was  utilized  to  compare  the  normally  dis-
ributed  parameters,  and  the  Mann---Whitney  test  was  used
or  the  non-normally  distributed  parameters.  p-values  <  0.05
ere  regarded  as  statistically  significant.

esults

he  eligible  patients  were  analyzed  for  the  primary  out-

omes  and  were  presented  in  a  flow  diagram  of  Consolidated
tandards  of  Reporting  Trials  (Fig.  3).

The  demographic  data  of  the  patients  are  shown  in
able  1.  There  was  no  difference  between  the  two  groups
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Figure  2  Basic  illustration  of  lateral  sagittal  block  (A)  and  costoclavicular  block  (B).

Table  1  Demographic  characteristic  of  study  patients.

Group  LS  (n  =  30)  Group  CC  (n  =  30)  p

Age  (y)  8.67  ±  2.51  9.53  ±  2.93  0.224a

Weight  (kg)  26.47  ±  5.14  28.67  ±  5.76  0.124a

Gender  (F/M)  9/21  13/17  0.284b

Duration  of  surgery  (min)  39.17  ±  27.01  40.67  ±  22.00  0.814a

Duration  of  anesthesia  (min)  66.67  ±  27.99  64.33  ±  22.73  0.724a

Operation  region  (hand/forearm)  9/21  4/26  0.117b

Types  of  surgery  (emergency/elective)  23/7  20/10  0.390b

Values are presented as number or mean ± standard deviation.

i
s

G
f

2

a Independent sample t-test.
b Chi-square test.

n  terms  of  age,  weight,  gender,  duration  of  anesthesia-

urgery,  type  of  surgery,  and  operation  area  (p  >  0.05).

The  imaging  time  was  similar  between  Group  LS  and
roup  CC,  and  there  was  no  statistically  significant  dif-

erence  between  the  groups  (26.53  ±  8.09  seconds  vs

n
L
s
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4

4.40  ±  6.74  seconds,  respectively;  p  =  0.272).  However,  the

eedling  time  was  statistically  significantly  longer  in  Group
S  than  in  Group  CC  (82.90  ±  28.17  seconds  vs  64.77  ±  28.11
econds  respectively;  p  =  0.004),  and  the  block  performance
ime  was  statistically  significantly  longer  in  Group  LS  than  in
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Figure  3  Consolidated  standards  of  reporting  trials.

Table  2  Block  performance  data.

Group  LS  (n  =  30)  Group  CC  (n  =  30)  p

Imaging  time  (s)  26.53  ±  8.09  24.40  ±  6.74  0.272a

Needling  time  (s)  82.90  ±  28.17  64.77  ±  28.11  0.004b

Block  performance  time  (s)  109.53  ±  29.75  89.70  ±  29.98  0.005b

Needle  visibilty  (very  poor  /poor  /fair
/good  /very  good)

0/0/3/10/17  0/0/0/9/21  0.176c

Number  of  passes  1.30  ±  0.53  1.20  ±  0.41  0.418a

Values are presented as number or mean ± standard deviation.
a Independent sample t-test.
b Mann-Whitney U test.
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c Chi-square test.

roup  CC  (109.53  ±  29.75  seconds  vs  89.70  ±  29.98  seconds
espectively;  p  =  0.005).  There  was  no  significant  difference
etween  the  groups  in  terms  of  the  number  of  passes  and
eedle  visibility  (p  >  0.05)  (Table  2).

The  block  was  successful  in  all  patients  during  the  sensory

xamination  at  the  20th minute  after  the  block  performance,
nd  no  patients  needed  additional  fentanyl  or  transition  to
eneral  anesthesia  after  the  onset  of  the  surgery.

n

t

5

The  postoperative  motor  blockade  duration
as  291.50  ±  169.98  minutes  in  Group  LS  and
61.50  ±  136.12  minutes  in  Group  CC.  The  sensory
lockade  duration  was  539.33  ±  258.34  minutes  in  Group  LS
nd  487.00  ±  212.96  minutes  in  Group  CC.  These  values  did

ot  reveal  any  statistically  significant  difference  (p  >  0.05).

Postoperative  pain  assessment  was  performed  within
he  first  24-h  period  using  the  Wong---Baker  FACES  Scale.
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Table  3  Postoperative  Wong-Baker  FACES  scale.

Group  LS  (n  =  30)  Group  CC  (n  =  30)  p

Postoperative  1  h  0.27  ±  0.69  0.53  ±  0.90  0.200
Postoperative  2  h  0.40  ±  1.10  0.67  ±  1.09  0.161
Postoperative  4  h 0.47  ±  1.01 0.80  ±  1.35  0.333
Postoperative  8  h  2.13  ±  2.16  2.53  ±  2.22  0.472
Postoperative  12  h  2.40  ±  2.54  2.73  ±  2.49  0.570
Postoperative  24  h  1.73  ±  1.82  1.60  ±  1.77  0.765
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Values are presented as mean ± standard deviation.
Mann-Whitney U test.

here  was  no  statistically  significant  difference  between
he  groups  during  all  the  time  intervals  assessed  (p  >  0.05)
Table  3).

No  vascular  puncture,  hematoma,  pneumothorax,
orner’s  syndrome,  or  neurological  complications  occurred

n  any  of  the  patients.

iscussion

he  present  study  shows  that  the  needling  time  and
lock  performance  time  were  shorter  in  the  costoclavicu-
ar  approach  than  in  the  LS  approach  of  the  infraclavicular
rachial  plexus  block  in  pediatric  patients.  However,  there
as  no  difference  between  the  two  approaches  in  terms  of

he  number  of  needle  passes,  needle  visibility,  pain  scores,
nd  sensory  and  motor  block  duration.

In  recent  years,  the  use  of  US  is  increasingly  preferred  in
ediatric  regional  anesthetic  procedures.9 The  visualization
f  anatomical  landmarks  and  nerves  increases  block  suc-
ess  while  simultaneously  avoiding  possible  complications
elated  to  critical  structures.  Since  critical  structures  in  chil-
ren  are  located  closer  to  the  target  tissues  than  in  adults,
S  guidance  is  even  more  important  in  peripheral  nerve
lock  procedures.4 In  pediatric  patients,  US-guided  brachial
lexus  block  is  often  administered  from  the  interscalene,
upraclavicular,  and  infraclavicular  regions  for  postopera-
ive  analgesia  or  anesthesia.3,10---12

The  most  common  approach  for  infraclavicular  brachial
lexus  block  in  adults  and  children  is  the  LS  method.
he  brachial  plexus  is  located  three  cords  under  the  pec-
oral  major  and  minor  muscles,  apart  from  each  other
round  the  axillary  artery.  Although  all  three  cords  dis-
erse  around  the  axillary  artery  in  the  direction  of  3-to-9
’clock,  serious  anatomical  differences  can  be  present.13 In
he  single-injection  technique  of  the  lateral  sagittal  brachial
lexus  block  (LSB),  the  needle  is  directed  between  the  axil-
ary  artery  and  the  posterior  cord.  The  local  anesthetic  is
xpected  to  reach  all  three  cords  with  a  U-shaped  spreading
round  the  axillary  artery.  However,  block  onset  time  may
e  affected  by  some  aspects  of  the  lateral  infraclavicular
ossa  anatomy,  such  as  the  depth  of  the  cords,  the  distance
etween  them,  and  individual  anatomical  variations.14

Costoclavicular  brachial  plexus  block  (CCB)  has  been  used
n  adult  patients  in  recent  years  and  has  been  successfully

pplied  in  hand,  forearm,  and  shoulder.14---16 In  the  liter-
ture,  the  use  of  CCB  has  been  reported  only  in  a  few
ediatric  patients,  and  it  was  first  reported  by  us  in  a  case
eries  for  postoperative  analgesia  in  2019.17

C
a

i

6

The  costoclavicular  space  is  bordered  by  the  clavicle  in
he  superior  region,  subclavius,  and  pectoral  major  muscles
n  the  anterior  region,  and  by  the  anterior  chest  wall  in  the
osterior  region.  The  cords  of  the  axillary  artery,  vein,  and
rachial  plexus  pass  through  this  cavity  to  the  lateral  infra-
lavicular  fossa.  This  area  is  more  superficial  than  the  lateral
nfraclavicular  fossa.18 Moreover,  the  cords  of  the  brachial
lexus  are  located  adjacent  to  each  other  immediately  in
he  lateral  side  of  the  axillary  artery.  This  anatomical  layout
ffers  many  advantages  both  in  US  imaging  and  in  block  pro-
edures.  All  three  cords  are  located  in  a  single  sonographic
mage  in  the  transverse  section,  and  local  anesthetic  dis-
ribution  can  be  achieved  in  all  three  cords  with  a  single
njection.  The  costoclavicular  space  is  also  an  area  suitable
or  catheter  applications;  the  block  catheter  applied  from
his  area  is  located  close  to  all  three  cords,  as  well  as  to  the
istal  end  of  the  catheter,  and  has  a  low  risk  of  dislocation
ince  it  passes  through  an  intramuscular  tunnel.

Few  studies  have  compared  LSB  and  CCB  in  adults
n  the  literature.  In  these  studies,  no  difference  was
ound  between  both  groups  in  terms  of  block  performance
ime.14,19 However,  there  were  differences  between  the  two
roups  in  terms  of  block  onset  time.  In  the  study  by  Leur-
harusmee  et  al.  conducted  using  35  mL  of  local  anesthetics,
imilar  block  onset  times  were  obtained  in  both  groups.19

owever,  Songthamwat  et  al.  who  used  a  lower  volume  of
ocal  anesthetics  (25  mL)  in  their  study,  reported  signifi-
antly  shorter  sensory  and  motor  block  onset  times  in  the
CB  group.14 In  the  present  study,  while  there  was  no  dif-
erence  between  both  groups  of  pediatric  patients  in  terms
f  number  of  needle  passes  and  needle  visibility,  the  block
erformance  time  was  shorter  in  Group  CC.  In  the  single-
njection  technique  of  LSB,  the  target  point  lies  between
he  axillary  artery  and  the  posterior  cord.  In  interventions
argeting  this  region,  vascular  puncture  should  be  avoided
s  the  target  point  in  CCB  is  further  away  from  the  axil-
ary  artery  when  compared  with  LSB.  In  the  present  study,
lthough  no  patient  had  vascular  puncture  in  either  of  the
wo  groups,  we  believe  that  this  anatomical  location  was
dvantageous  for  Group  CC  and  resulted  in  shorter  block
erformance  time.  Although  the  difference  in  the  block
pplication  times  between  the  groups  was  clinically  negli-
ible,  it  was  statistically  significant.  It  shows  the  ease  of
pplication  of  the  costoclavicular  block.  Furthermore,  in

CB,  the  use  of  USG  minimized  the  risk  although  the  close
djacency  of  the  pleura  was  a disadvantage.

In  CCB,  the  USG  probe  was  placed  parallel  to  the  clav-
cle  to  display  the  anatomical  landmarks  and  cords  at  the
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ower  border  of  the  clavicle.  Needle  entry  was  performed
tarting  at  the  lateral  side  and  progressing  to  the  medial
ide  using  in-plane  technique.  In  pediatric  patients,  espe-
ially  in  children  under  5  years  of  age,  coracoid  process  can
revent  needle  entry  and  orientation  at  the  right  angle.  In
his  case,  the  mediolateral  approach  can  be  considered  as
n  alternative  method.20

There  are  some  limitations  in  this  study.  First,  children
ged  5---15  years  were  included  in  the  study.  The  coracoid
rocess  may  prevent  the  block  procedure,  especially  in  chil-
ren  under  the  age  of  five,  which  might  also  affect  block
erformance  data  and  complication  rates.  A  further  study
s  required  to  investigate  block  performance  time  in  chil-
ren  under  the  age  of  five.  Second,  block  onset  time  could
ot  be  evaluated  because  children  were  under  sedation.
oreover,  the  issues  such  as  pain  and  paresthesia  that  the
atients  might  have  experienced  during  the  block  could  not
e  assessed  because  they  were  in  a  state  of  sedation.  Finally,
he  sample  size  of  the  study  was  determined  based  on  the
lock  performance  time,  which  is  the  primary  purpose  of  the
tudy.  Side  effects  of  the  block  procedure  are  not  fully  iden-
ifiable  with  a  small  sample  size,  and  hence,  further  studies
nvolving  larger  sample  sizes  may  be  needed.

In  conclusion,  costoclavicular  and  lateral  sagittal  brachial
lexus  blocks  resulted  in  similar  anesthetics  effects.  More-
ver,  the  costoclavicular  method  can  be  a  better  alternative
o  lateral  sagittal  as  it  has  a  shorter  block  performance  time.
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