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Abstract  We  report  the  first  case  of  using  an  anterior  scalene  plane  block  at  the  superior
trunk level  achieving  phrenic  nerve  blockade  to  treat  intolerable  referred  shoulder  pain  after
liver Radiofrequency  Ablation  (RFA)  of  a  diaphragm-abutting  liver  tumor  despite  prevention
with a  full-dose  non-steroidal  anti-inflammatory  drug.  The  anterior  scalene  plane  block  rapidly
alleviated pain  without  significant  complications.
shoulder;
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ntroduction

adiofrequency  Ablation  (RFA)  of  diaphragm-abutting  tumor

esults  in  right  shoulder  pain  in  some  patients.  A  hypoth-
sis  is  that  an  irritation  of  the  phrenic  nerve  results  in
eural  hypersensitivity  of  the  third  and  fourth  spinal  cer-
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ical  nerves  (C3---C4),  and  subsequently  induces  a  referred
houlder  pain.1 Management  typically  requires  the  early
nstitution  of  parenteral  non-steroidal  anti-inflammatory
rugs,  which  may  eliminate  pain  in  most  patients.  However,
ntractable  referred  shoulder  pain  that  is  unresponsive  to
he  above  treatment  urges  the  need  for  further  intervention.

Phrenic  nerve  block  may  be  challenging,  considering  the
otential  complications  such  as  incomplete  analgesia  when

locking  it  at  the  level  of  diaphragm,  unwanted  local  anes-
hetic  spread  toward  other  nerves,  and,  above  all,  nerve
njury  secondary  to  mechanical  needle  trauma,  pressure-
nduced  neuropraxia  as  well  as  intra-fascicular  injection.
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Figure  1  (A)  Coronal  plane  of  computed  tomography  of  the  diaphragm-abutting  tumor.  (B)  Pre-injection  ultrasound  image  before
puncturing the  prevertebral  fascia.  (C)  Post-injection  ultrasound  image  with  a  perimuscular  spread  beneath  the  prevertebral  fascia.
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rrowhead indicates  the  superior  trunk,  solid  arrow  indicates  t
umor; ASM,  Anterior  Scalene  Muscle;  LA,  Local  Anesthetic.

ere  we  proposed  an  anterior  scalene  plane  approach  at
uperior  trunk  level  under  dual  guidance  (ultrasound  and
njection  pressure)  to  avoid  associated  complications  as
uch  as  possible.  Waiver  of  informed  consent  has  been

pproved  by  the  TMU-Joint  Institutional  Review  Board  (TMU-
IRB  no N201906002).

he  technique  to  manage  intractable  referred
houlder pain

 74-year-old  man  (68  kg)  with  hepatocellular  carcinoma,
2N0M0  (Stage  II)  and  BCLC  Stage  A  previously  underwent
artial  hepatectomy  and  RFA  and  received  percutaneous
thanol  injection.  He  was  otherwise  healthy,  except  for
edication-controlled  hypertension.  This  time,  he  was

dmitted  for  a  second  course  of  RFA  of  a  recurrent  liver
umor  approximately  3.5  cm  located  at  segments  7  and  8
djacent  to  the  liver  dome  (Fig.  1A).

After  being  premedicated  with  intravenous  fentanyl  (100
cg)  and  midazolam  (1  mg),  0.15  mL.kg−1 of  local  anesthetic

0.6%  ropivacaine  with  1:400000  epinephrine)  was  injected
nto  the  T9,  T7,  and  T5  paravertebral  spaces.  Owing  to  its
iaphragm-abutting  property,  parecoxib  (40  mg)  was  intra-
enously  administered  to  prevent  referred  shoulder  pain
aused  by  diaphragm  irritation  perioperatively.  Sedation  was
aintained  with  1%  propofol  continuous  infusion  under  bis-
ectral  index  monitoring.  Two  cool-tip  RFA  needles  were
nserted.  Total  ablation  time  was  approximately  2  -hs,  with
table  intraoperative  blood  pressure.

However,  after  recovery  from  sedation,  he  complained
f  severe  pain  over  the  right  shoulder  region  without
bdominal  discomfort.  Cervical  phrenic  nerve  block  was

lanned  as  preoperative  full  dose  parecoxib  failed  to  pre-
ent  referred  shoulder  pain.  The  patient  was  placed  in  the
eft  lateral  decubitus  position  with  scalenus  anterior  focused
onographically  at  the  superior  trunk  level  to  facilitate
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edle  shaft,  and  broken  arrow  indicates  prevertebral  fascia.  T,

rgonomic  practice.  The  needle  was  meticulously  advanced
rom  the  lateral  to  medial  direction  toward  the  surface  of
calenus  anterior  with  the  prevertebral  fascia  punctured
mmediately  medial  to  the  superior  trunk  (Fig.  1B).  Fas-
ial  plane  dissection  was  achieved  by  half-the-air  technique.
fter  negative  aspiration,  3  mL  of  2%  lidocaine,  followed  by

 mL  of  5%  dextrose  to  empty  the  dead  space  of  the  half-
he-air  setting,  was  administered  into  the  subfascial  plane
ith  continuous  pressure  monitoring  throughout  the  injec-

ion  procedure  (Fig.  1C).2

The  patient  experienced  rapid  improvement  of  his  shoul-
er  discomfort  immediately  after  local  anesthetic  injection.
wenty  minutes  after  the  injection,  complete  pain  relief  was
eported  by  the  patient.  No  respiratory  distress  was  noted
uring  observation,  and  phrenic  nerve  blockade  was  con-
rmed  by  a  loss  of  ipsilateral  diaphragmatic  movement  on
ltrasound.

iscussion

egional  blocks  targeting  the  phrenic  nerve  have  been  pre-
iously  proposed  to  treat  referred  shoulder  pain.  Local
nesthetic  infiltration  into  the  periphrenic  fat  pad  at  the
evel  of  the  diaphragm  significantly  reduces  the  incidence  of
houlder  pain,  but  still  experienced  by  some  patients.  The
eason  responsible  for  incomplete  pain  relief  might  be  that
he  phrenic  nerve  already  branches  off  into  various  terminals
o  innervate  the  widespread  end-targets,  which,  therefore,
s  not  easily  covered  by  local  anesthetic  infiltration.  Thus,  to
chieve  complete  analgesia,  it  would  be  reasonable  to  block
he  phrenic  nerve  more  proximally  at  the  cervical  level.  Raft
t  al.  demonstrated  the  potential  of  erecter  spinae  plane

lock  at  T3  and  T6  level  to  alleviate  right  shoulder  pain  after
aparoscopic  cholecystectomy,  with  unilateral  sensory  loss
o  cold  over  C5---T9  dermatomes  after  15  mL  0.5%  ropivacaine
njection  at  each  level.3 However,  its  mechanism  of  action
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esponsible  for  shoulder  analgesia  remains  unclear  and  it  is
ot  known  whether  erector  spinae  plane  block  solely  at  T3
evel  could  provide  adequate  in-time  effect  for  intractable
houlder  pain  after  liver  radiofrequency  ablation.

Anterior  scalene  plane  block  at  the  superior  trunk  level
as  recommended  to  block  the  proximal  phrenic  nerve  with-
ut  directly  getting  in  touch  with  the  nerve.  The  phrenic
erve  is  a  predominantly  hypoechoic  monofascicular  struc-
ure  with  a  hyperechoic  border  in  the  transverse  view.  The
ean  diameter  of  phrenic  nerve  is  only  0.76  mm;  there-

ore,  in  some  cases,  tiny  nerves  cannot  be  identified  using
n  ultrasound  probe  with  a  general  resolution.4 In  our
atient,  the  phrenic  nerve  could  not  be  traced  easily  even
y  dynamic  up-and-down  scanning.  Moreover,  phrenic  nerve
s  nearly  indistinguishable  from  the  C5  ventral  ramus  at
he  level  of  the  cricoid  cartilage  (mean  distance:  1.8  mm),
ut  with  additional  3  mm  separation  between  the  phrenic
erve  and  brachial  plexus  for  every  cm  more  caudal  in
he  neck.4 Therefore,  to  avoid  phrenic  nerve  injury  sec-
ndary  to  mechanical  needle  trauma  during  cervical  phrenic
erve  block,  we  punctured  the  prevertebral  fascia  immedi-
tely  medial  to  the  superior  trunk  where  the  phrenic  nerve
lready  courses  over  the  medial  surface  of  the  anterior
calene  muscle.  The  superior  trunk  level  increases  the  sep-
ration  substantially  between  the  phrenic  nerve  and  the
rachial  plexus  because  the  superior  trunk  is  typically  found
uperficial  to  the  C7  nerve  root,  and  the  distance  from  the
ricoid  cartilage  to  the  C7  transverse  process  is  estimated
o  be  1.5  and  2.5  cm  in  the  neutral  and  extended  neck  posi-
ions,  respectively.5 The  transverse  scan  usually  catches  the
uperior  trunk  at  the  level  caudal  to  the  C7  posterior  tuber-
le.  Injection  beneath  the  prevertebral  fascia  at  this  level
chieves  a  craniocaudal  spread  (Fig.  1C)  superomedially  lim-
ted  by  the  fascial  attachment  of  the  C3  to  C6  anterior
ubercles  and  laterally  limited  by  the  outward  reflected  fas-
ia  overlying  the  superior  trunk  and  subclavian  artery  in  the
ower  neck.  Although  whether  the  phrenic  nerve  passes  onto
he  surface  of  prevertebral  fascia  in  the  lower  neck  remains
ontroversial,  the  proximal  portion  of  the  phrenic  nerve  lies
onsistently  deep  to  the  prevertebral  fascia,  whose  block
an  be  achieved  by  a  cranial  spread  from  injection  beneath
he  prevertebral  fascia  at  the  superior  trunk  level.  A  per-
muscular  spread  over  the  anterior  scalene  plane  not  only
chieved  phrenic  nerve  blockade  but  also  helped  minimize

nwanted  extrafascial  spread.

To  avoid  intrafascicular  spread  for  this  invisible  tiny
tring  and  possible  injection  pressure-induced  neuropraxia,
ontinuous  pressure  monitoring  throughout  the  injection  is

5
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andatory.  Among  pressure  monitors,  the  half-the-air  set-
ing  is  recommended  for  cervical  phrenic  nerve  block.  Not
nly  can  the  half-the-air  setting  continuously  monitor  injec-
ion  pressure2 but  it  also  has  additional  benefits  because
%  dextrose  as  the  test  volume  is  useful  for  fascial  plane
issection  before  drug  deposition2 to  minimize  unwanted
xtra-fascial  spread,  especially  in  the  complex  innervated
eck  region.

Although  our  patient  experienced  complete  pain  relief
fter  cervical  phrenic  nerve  block,  whether  a  prophylactic
hrenic  nerve  block  should  be  performed  as  a  routine  proce-
ure  before  liver  RFA  warrants  further  investigation  in  terms
f  a  variable  incidence  of  intractable  shoulder  pain  after
iver  RFA  and  possible  respiratory  distress  in  patients  with
ung  pathology.  Furthermore,  the  optimal  drug  regimen  for
nterior  scalene  plane  block  needs  to  be  determined.
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