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R.  Estellés López, C. Pérez Ramírez

Departamento  de  Radiodiagnóstico,  Hospital  Universitario  Virgen  Macarena,  Sevilla,  Spain

Received  12  November  2019;  accepted  2 August  2021

KEYWORDS

Doppler  ultrasound;
Thoracic  outlet
syndrome;
Renal  nutcracker
syndrome;
Median  arcuate
ligament  syndrome;
Popliteal  artery

Abstract  Vascular  compression  syndromes  arise  when  a  vessel  in a  tight  anatomic  space  is

entrapped  by  another  structure,  resulting  in  diverse  symptoms  for  which  different  imaging  tests

are used  to  diagnose.  Radiologists  need  to  be familiar  with  vascular  compression  syndromes

and to  be  able  to  identify  their  most  representative  findings.  This  paper  aims  to  review  the

principal  symptoms  of  vascular  compression,  describing  and  illustrating  the key findings  on

Doppler ultrasonography  that  enable  accurate  diagnosis  and guide  further  workup,  avoiding

unnecessary invasive  tests  and  pointing  to  the  appropriate  treatment.
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Síndromes  de compresión  vascular.  Valor  de la  ecografía  Doppler

Resumen  Los  síndromes  de  compresión  vascular  consisten  en  el  atrapamiento  de  un vaso  por

otra  estructura  en  un  espacio  anatómico  reducido,  lo  que  provoca  sintomatología  diversa  y  para

cuyo diagnóstico  se  emplean  diferentes  pruebas  de  imagen.  Es  importante  familiarizarse  con

este tipo de  patología  y  ser  capaces  de  identificar  sus  hallazgos  más  representativos.  El objetivo

de este  artículo  es  revisar  los principales  síndromes  de  compresión  vascular,  aportando  datos

clave de  hallazgos  en  la  ecografía  Doppler  que  permitan  establecer  un  diagnóstico  acertado,

evitar otras  pruebas  más  agresivas  o  seleccionar  aquellos  pacientes  que  las  requieran  y  orientar

el tratamiento  adecuado.
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Introduction

Vascular  compression  syndromes  consist  of entrapment  of  a
vessel  by  another  structure  in a  limited  anatomical  space.
They  usually  occur  in young  people,  with  various  symp-
toms  depending  on  the  structure  involved.  Their  diagnosis
requires  a  combination  of clinical  signs  and  imaging  find-
ings;  the  techniques  used  at present  are Doppler  ultrasound,
computed  tomography  (CT)  angiography  and  magnetic  res-
onance  (MR)  angiography.  Treatment  options  will  depend
on  the  seriousness  of  the  symptoms  and of  the associated
complications.

This  article  presents  the  significant  findings  in the most
common  vascular  compression  syndromes:  thoracic  outlet

syndrome,  median  arcuate  ligament  syndrome,  nutcracker

syndrome  and  popliteal  artery  entrapment  syndrome.

Doppler  ultrasound,  the imaging  method  of  choice  for
most  of  these  syndromes,  is  notable  for  being  a quick,  inex-
pensive,  non-invasive  and  dynamic  examination.

A  review  of the most  important  general  considerations
in  vascular  compression  syndromes  and  their  corresponding
findings  on Doppler  ultrasound  is  presented  below.

Vascular compression syndromes

Thoracic  outlet  syndrome

Thoracic  outlet  syndrome  (TOS)  is  a syndrome  caused  by
compression  of  the subclavian  vessels  and/or  brachial  plexus
at the  superior  thoracic  outlet.  Depending  on  the structures
affected,  it may  be:  neurological  (95%),  venous  (4%)  or  arte-
rial (1%).1

The  superior  thoracic  outlet  is  the anatomical  segment
from  the  cervical  spine  to  the  mediastinum  and  the upper
border  of  the  pectoral  muscle.  It  includes  three  different
anatomical  spaces:  the  interscalene  triangle,  the  costo-
clavicular  space  and  the retropectoralis  minor  space.  Most
vascular  compression  syndromes  occur  in the costoclavicular
space  (Fig.  1).2 The  possible  causes  are anatomical  abnor-
malities  and  post-traumatic  lesions.

Several  tests  elicit  symptoms  and  confirm  the  diagnosis;
Allen’s  test  and  Adson’s  test  (Fig.  2)  are the most  commonly
used  ones2:

Adson’s  test:  locate  the  patient’s  radial  pulse and  ask
them  to  take  a  deep  breath  and turn  their  head toward the

Figure  1 Anatomy  of  the superior  thoracic  outlet.  Inter-

scalene  (black  arrow),  costoclavicular  (red  arrow)  and

retropectoral  (green  arrow)  spaces.

side  being examined.  The  test  is  considered  positive  when
the  radial  pulse is  reduced  or  disappears.  It indicates  vas-
cular  compression  by  the scalene  muscle  against  the  first
rib.

Allen’s  test: while  palpating  the radial  pulse,  externally
rotate  and abduct  the  patient’s  arm  at  a  90-degree  angle.  It
is  considered  positive  when  the pulse  is  decreased  or  abol-
ished.  It  indicates  vascular  compression  due  to  the  tendon
of  the pectoralis  major  muscle.

Signs  and symptoms  usually  appear  when  the  arm  is raised
and  lowered,  and  vary  depending  on  the  point  of compres-
sion  and  on  the structures  affected.  Neurological  symptoms,
secondary  to  compression  of  the brachial  plexus,  are  the
most  common  and  usually  include  pain,  weakness,  numb-
ness  and tingling  in  the affected  limb.  When  compression  is
venous,  signs  and symptoms  consist  of  oedema,  cyanosis  and
pain.  If compression  is  arterial,  it will  manifest  as  weakness,
coldness  and  pain.1,2

Diagnostic imaging

Doppler  ultrasound  evaluates  indirect  signs of  stenosis,
but  does  not allow  for  an accurate  assessment  of the
point  of compression  or  determine  the cause.1 The  fun-
damental  advantage  of this  technique  is  that  it enables  a
dynamic  assessment  in a resting  position  with  provocative
manoeuvres.2

Perform  the  examination  with  the patient  seated.  Place
the  transducer  below  the  clavicle,  in the  costoclavicular
space.  Assess  the subclavian  artery  and vein  in  a  neutral

Figure  2  Allen’s  test:  assesses  the  radial  pulse  with  the  patient’s  arm  at  a  90-degree  angle,  in  external  rotation  and abduction.

It is  positive  when  the  pulse  is abolished  or  reduced,  indicating  vascular  compression  by  the  tendon  of  the  pectoralis  major  muscle.

Adson’s  test:  assesses  the  radial  pulse  in inspiration  and rotation  of  the  head  towards  the  side being  examined.  It is considered

positive when  the  radial  pulse  is reduced  or  abolished,  indicating  vascular  compression  by  the  scalene  muscle.
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Figure  3  Modified  Adson’s  manoeuvre:  with  the  patient

seated, place  the  transducer  below  the clavicle,  in the  cos-

toclavicular  space.  Assess  the subclavian  artery  and  vein  in  a

neutral  position  and  in progressive  abduction/hyperabduction

while  performing  contralateral  extension  of  the  neck.

position  with  a modified  Adson’s  manoeuvre  (Fig.  3),  con-
sisting  of  progressive  abduction/hyperabduction  of the  arm
and  contralateral  extension  of the neck. Next,  assess  the
radial  artery  in a neutral  position  with  Allen’s  and  Adson’s
provocative  manoeuvres.  In  both  positions,  determine  the
calibre,  flow  pattern  and  peak  systolic  velocities  (PSVs).
CT  angiography  in hyperabduction  is  usually  necessary  to
gather  information  on  the exact  point  of  compression  and
the  cause.

The  most significant  Doppler  findings are  duplication  of
PSV  compared  to its  value  at rest  in the  subclavian  artery
and  loss  of respiratory  dynamics  in the  subclavian  vein  in
90-degree  abduction.  Complete  cessation  of  arterial  and/or
venous  blood  flow  in  hyperabduction  indicates  complete

Figure  4  A)  Normal  arterial  blood  flow  in  a  neutral  position  of  the  subclavian  artery.  B)  Duplication  of  PSV in the  subclavian  artery

in 90-degree  abduction  in thoracic  outlet  syndrome  (TOS).  C)  Normal  venous  blood  flow  in a  neutral  position  of  the  subclavian  vein.

D) Loss  of  respiratory  dynamics  in the  subclavian  vein  with  abduction  manoeuvres  in  TOS.  E)  Normal  radial  artery  wave  in  a  neutral

position and  attenuated  with  Adson’s  manoeuvre  in  TOS.  F)  Contrast-enhanced  computed  tomography,  in  a  coronal  projection,

showing left  subclavian  artery  compression  in the  costoclavicular  region.
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Figure  5  Figure  A shows  normal  anatomy.  Figure  B shows  how

the arcuate  ligament  is  in  contact  with  the  outlet  of  the  coeliac

trunk. CT:  coeliac  trunk;  IMA:  inferior  mesenteric  artery;  SMA:

superior  mesenteric  artery.

occlusion.2,3 Another  finding  is  attenuation  of  radial  flow
with  Allen’s  and  Adson’s  manoeuvres  (Fig.  4).

Median  arcuate ligament syndrome

The arcuate  ligament  is a  fibrous  structure  that  connects
the  two  crura  of the  diaphragm  to  one  another.  Its  anterior
aspect  wraps  around  the  aorta  at  the  aortic  hiatus.  In most
cases  it  is cranial  to  the coeliac  trunk,  at the height  of  the
D12-L2  vertebrae,  but  in some  cases  the ligament  has a low
location,  in  contact  with  the  origin  of  the  coeliac  trunk5

(Fig.  5).
Coeliac  trunk  compression  syndrome  is  a rare  abnormality

that predominantly  occurs  in women  20-40  years  of  age.  This
syndrome  is  clinically  characterised  by  intermittent  post-
prandial  epigastric  pain,  nausea,  vomiting,  diarrhoea  and
weight  loss.  The  abdominal  pain  may  be  associated  with
activities  other  than  eating.4,6

The  findings  reported  on  physical examination  include
an epigastric  bruit  that  varies  with  respiration  and  is  more
marked  in  deep  expiration.  These  symptoms  are due  to  flow
compromise  caused  by  the  displacement  of  the ligament.6

Diagnostic  imaging

Doppler  ultrasound  is  used  to  diagnose  median  arcuate  lig-
ament  syndrome,  revealing  a change  in the  orientation
of  coeliac  trunk  in relation  to  inspiration  and expiration
(Fig.  6).

For  diagnosis,  observation  of  elevated  PSVs  in maximum
expiration  exceeding  200  cm/s  with  a coeliac  trunk-to-aorta
ratio  greater  than  3 is  indicative  of  significant  blood  flow
compromise  (Fig.  6B and  C).

This  technique  is  very  commonly  used,  especially  in eval-
uating  blood  vessels  in  children  and  adolescents.4 Placing
the  transducer  in B-mode  on  the  axial  plane  could  reveal
how  the  coeliac  trunk  is  compromised  and  distorted  between
the  abdominal  aorta  dorsally  and  the  arcuate  ligament
ventrally.5,7

CT  angiography  is  often  necessary  to  assess  the degree
of stenosis.  Superior  pressure  against  the origin  of  coeliac
trunk,  causing  it to  take  on  a  hooked  or  J-shaped  appear-

ance,  is  characteristic.  Another  radiological  finding  is  the
‘‘hair  bun  and  shawl’’  sign,  which  consists  of  visualisation
on  a  single  axial  plane of  the  compromised,  distorted  coeliac
trunk  between  the  abdominal  aorta  dorsally  and  the median
arcuate  ligament  ventrally,  which  practically  surrounds  the
other  two.  These  findings  resemble  a  head  (the  aorta)  with
the  hair  in  a  bun  (the  origin  of the  coeliac  trunk),  covered  by
a shawl  (the  median  arcuate  ligament).  This  enables  diagno-
sis in non-targeted  examinations  and  screening  of  patients
to  undergo  examinations.8

Nutcracker  syndrome

This  is a syndrome  caused  by  entrapment  of the  left renal
vein  (LRV)  between  the  superior  mesenteric  artery  (SMA)
and  the  aorta  (anterior  nutcracker  syndrome),  due  to  a
decrease  in the  angle  formed  by  the two  vessels  (aor-
tomesenteric  angle),  with  a normal  value  usually  between
38  degrees  and  65  degrees  (Fig.  7).  The  LRV sometimes
follows  a  retroaortic  or  circumaortic  path,  and  may  be  com-
pressed  between  the  aorta and  the  spinal  column  (posterior
nutcracker  syndrome).9---11 The  two  syndromes,  anterior  and
posterior,  may  coexist  due  to  LRV duplication,  though  this is
not  a  common  finding.12 In  an  analogous  clinical  condition,
Wilkie  syndrome,  the third  part of  the duodenum  is  com-
pressed  between  the SMA  and the aorta,  resulting  in bowel
obstruction.13

The  anatomical  configuration  can be considered  a vari-
ant  of  normal  anatomy.  Therefore,  the  term  nutcracker

syndrome  should be reserved  for  patients  with  character-
istic  clinical  symptoms  (LRV  hypertension  with  macroscopic
haematuria,  left  flank  pain,  orthostatic  proteinuria,  peri-
ureteral  varices,  gonadal  varices  and  varicocele)  associated
with  demonstrable  morphological  characteristics.1,14

Due  to the variability  of  its  symptoms  and  the  lack
of  a  consensus  on  the  criteria  for  its  diagnosis,  its
exact  prevalence  is  unknown;  however,  it is  thought  to
be  most  common  in young  people,  primarily  in  women
in their  20  s  and 30  s. These  women  may  experience
pelvic  congestion  syndrome,  which  presents  with  pelvic
pain;  varices  in the genitals,  pelvis  and  thighs;  dysmenor-
rhoea;  dyspareunia;  and  postcoital  pain.  In men,  testicular
vein  reflux  causes  a varicocele,  left testicular  pain  and
infertility.1,10,12

Diagnostic imaging

Selective  LRV  venography  is  considered  the most  accurate
method  for  diagnosing  this nutcracker  syndrome.  Given  that
it  is  an  invasive  test  that  is  not essential  for diagnosis,  it  is
being  replaced  by other  diagnostic  imaging  techniques:  B-
mode  ultrasound,  Doppler  ultrasound,  CT  angiography  and
MR  angiography.11,12,14

B-mode  ultrasound  has been  proposed  as  a method  for
measuring  the aortomesenteric  angle,  as  well  as  calculating
the  ratio  of  the diameter  of  the  dilated  part  of  the  LRV  to
the  narrow  part  thereof  and  the  distance  between  the  aorta
and  the  superior  mesenteric  artery,  respectively.  The  cut-off
points  are  an angle  <25◦, ratios  >4.5  and  a  distance  <8  mm,
respectively.  The  difference  in  diameters  between  the right
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Figure  6  A)  Hook-shaped  coeliac  trunk  with  change  in orientation  in relation  to  inspiration  and  expiration.  B)  Coeliac  trunk  with

elevation of  peak  systolic  velocities  >200  cm/s.  C)  In  expiration,  the  velocity  increases  from  192 to  322 cm/s.  D)  CT  angiography:

(expiration) focal  stenosis  of  the  proximal  portion  of  the  coeliac  trunk  (hooked  appearance).  E  and  F  (detail):  CT angiography

(arterial phase)  showing  the  ‘‘hair  bun  and  shawl’’  sign.  G)  ‘‘Hair  bun  and  shawl’’  sign.

and  left  renal  veins  has  also  been used,  though  it is  not  a
very  widely  accepted  criterion (Fig.  8).

Doppler  ultrasound  measures  the flow  velocity  of the  LRV
at  the  aortomesenteric  angle,  as  well  as  the diameter  and
maximum  flow  velocity  in the  renal  vein  before  and after  it
passes  through  the aortomesenteric  angle,  with  a sensitivity
of  78%  and  a  specificity  of 100%.

A maximum  speed  of  the  renal  vein  at the  angle  greater
than  100  cm/s  is considered  abnormal  (non-essential  crite-

rion).  A  distal-to-proximal  ratio  greater  than  5 is  diagnostic
for  this  syndrome  (Fig.  8C).

As this is  a  harmless  technique,  it  may  be useful  in
screening  for  orthostatic  proteinuria.  In our  setting,  other
diagnostic  tests  usually  do not  need  to  be performed  in
most  paediatric  patients.  CT  angiography  or  MT  angiogra-
phy  may  be required  in adults  depending  on  the therapeutic
approach.15
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Figure  7  Anatomy  of  nutcracker  syndrome.  SMA:  superior

mesenteric artery.

Popliteal artery entrapment syndrome

Popliteal  artery  entrapment  syndrome  (PAES)  is  a vascu-
lar  compression  syndrome  that  affects  the  popliteal  artery
(PA)  at  the proximal  insertion  of both  heads  of  the gas-
trocnemius  muscle.  Normally,  the PA runs  between  the
two  heads  of  that  muscle,  along  with  the  popliteal  vein
and  the  popliteal  nerve.16 This  rare  syndrome  most often
affects  young  men  and  in most cases  is  bilateral.  It  may  be
explained  by  an abnormality  in  embryogenesis  during  the
formation  of the PA  and in  the migration  of the gastrocne-
mius  muscle.17

The  signs  and symptoms  are  usually  exercise-induced
claudication  and  pain.  Lack  of  treatment  leads  to  artery
damage,  thrombosis  and  ischaemia  in the leg.18 It  is clas-
sified  according  to  the classification  that  was  published  by
Love  and  Whelan  in  1965  and  modified  by  Rich  in  1979,  based
on anatomical  variants16,19:

•  Type  I:  the  PA  follows  an aberrant  path  medial  to  the head
of  the  gastrocnemius  muscle  (HGM).

•  Type  II:  the HGM shows  an abnormal  femoral  insertion  that
is  more  lateral  than  usual,  leaving  the PA  on  its  medial
side.

•  Type  III:  an accessory  muscle  band  of  the  HGM  inserts  more
laterally  and  separately,  surrounding  the PA.

• Type  IV:  the  PA is  located  deep  in the  popliteal  fossa  and is
found  to  be  compressed  by  the  popliteal  muscle  or  fibrous
bands.

•  Type  V:  any  form  of entrapment  that  includes  the popliteal
vein  in  addition  to  the PA.

• Type  VI:  there  are  no  abnormalities  along the  path  of  the
artery  or  in the  insertions  or  morphology  of the gastroc-
nemius  muscle,  but  these compress  the vascular  bundle.

Diagnostic  imaging

Doppler  ultrasound  is  used  as  a screening  method,  as  it is
non-invasive  and  does  not  emit  radiation.  Examination  of
the  PA  starts  above  the  knee  joint  until  it bifurcates  bilat-
erally.  The  examination  is  performed  with  the patient  in
prone  decubitus,  with  the leg  extended  and  in a  neutral
position  to  determine  the  changes  in the vessel  intima  and
the presence  of stenosis  or  aneurysms,  as  well  as  the veloc-

ity  and shape  of the  spectral  curve.16,18 The  second  part
of  the  examination  consists  of stress  manoeuvres,  in  which
the  ankle  is  placed in dorsiflexion  and plantar  flexion  for  up
to  30  seconds;  the  radiologist  may  aid in  maintaining  the
posture  by  applying  pressure  (Fig.  9A).  Next,  the  patient
will  stand  on  tiptoe.15,16 At  this  point,  blood  flow  all  along
the  path  of  the PA will  be evaluated  and  the  presence  or
absence  of  blood  flow  and  the  decrease  in the systolic  peak
will  be determined  using  stress  manoeuvres  (Fig.  9B).  The
dorsalis  pedis  artery  and  the posterior  tibial  artery  can  also
be assessed.17,19

PA  stenosis  can  be  quantified  by  measuring  the  PSV ratio
in  the lesion:  the PSV  is  measured  at the stenosis  and com-
pared  to  the  contralateral  healthy  artery,  creating  a  specific
ratio  for each patient.  Radonic  V.  et  al.  (2000)  found  that  a
ratio  greater  than  2 would  indicate  significant  stenosis.

Turbulent  flow  with  aliasing  is necessary  for  detecting
haemodynamically  significant  stenosis.  Vessel  obstruction  is
considered  to  be present  if blood  flow  is  detected  by  neither
colour  nor  pulsed-wave  Doppler  ultrasound18 (Fig.  10).  For
proper  visualisation  of  anatomical  variants,  the  examination
can  be supplemented  with  MR  angiography.

Conclusions

Vascular  compression  syndromes  are uncommon  and  dif-
ficult  to  diagnose.  The  characteristic  symptoms  are  due
to  intermittent  compression  of the neurovascular  bundle
as  it  passes  through  different  anatomical  outlets.  Doppler
ultrasound  is  indicated  in the  first-level  diagnosis  of  vas-
cular  compression  syndromes  as  it evaluates  the presence,
type  and  grade  of  haemodynamic  compromise  at differ-
ent  vascular  levels,  and  will  confirm  or  be confirmed  by
other  diagnostic  tests.  The  fundamental  advantage  of  this
technique  is  that  it enables  non-invasive,  dynamic  patient
assessment  in  real-time  with  provocative  manoeuvres.  The
radiologist  should  be familiar  with  the protocol  for  evalua-
tion  and  interpretation  of  the results,  which  can influence
the  diagnostic  and therapeutic  management  of  patients,  as
well  as  post-treatment  follow-up.  Extending  the  radiological
study  with  tests  such  as  MR  angiography  and  CT  angiography
is  especially  important  in  TOS  and  SAP,  as  they  enable  suit-
able  assessment  of  the relationship  of  vascular  structures  to
anatomy.
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6 Statistical  processing:  ERV, TBC,  XCS,  IAV,  REL and  CPR
7  Literature  search:  ERV,  TBC, XCS,  IAV,  REL  and CPR
8  Drafting  of  the article:  ERV,  TBC,  XCS,  IAV,  REL  and  CPR
9  Critical  review  of  the  manuscript  with  intellectually  sig-

nificant  contributions:  ERV, TBC,  XCS,  IAV,  REL  and CPR
10  Approval  of  the final  version:  ERV, TBC,  XCS,  IAV,  REL  and

CPR
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Figure  8  A) Calibre  of  the  left  renal  vein  (LRV)  in  the hilar  region  (before  the  angle):  12.2  mm.  LRV  calibre  at the  angle  itself

between the  aorta  (Ao)  and  the  superior  mesenteric  artery  (SMA):  1.5  mm. B)  Decreased  aortomesenteric  angle  at the  LRV  (20◦).

C) Increased  LRV  velocity  at  the  aortomesenteric  angle  (106  cm/s).  D)  Normal  LRV  velocity  prior  to  the  angle  (19  cm/s).  E-G)  Axial

projections  from  contrast-enhanced  computed  tomography  of  abdomen  in arterial  phase  (E)  and portal  phase  (F  and  G). Image  E

shows a  reduction  in the  calibre  of  the  LRV  as  it  passes  through  the  aortomesenteric  angle  (yellow  arrow).  Image  F  shows  slightly

dilated gonadal  veins  (red  arrow).  Right parauterine  varices  are visible  in  Image  G (blue  arrow).
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Figure  9  Stress  manoeuvres  for  assessing  popliteal  artery  entrapment  syndrome.  Patient  in  prone  decubitus,  with  the  leg  extended

and the  ankle  in dorsiflexion  (A)  and  plantar  extension  (B)  for  30  seconds.  The  radiologist  can help  to  maintain  the  posture  by  applying

pressure. The  presence  or  absence  of  or  changes  in  blood  flow  will be evaluated  all  along  the  path  of  the  popliteal  artery  with

changes in  position.  C and  D show  normal  findings  on  spectral  Doppler  ultrasound  with  flexion  and  extension  stress  manoeuvres.

Figure  10  A and  B)  Doppler  ultrasound.  Subocclusion  of  the  popliteal  artery  with  very  weak  blood  flow  in a  young  patient  with

popliteal artery  entrapment  syndrome  and  signs  and  symptoms  of  intermittent  claudication.  C and  D)  Non---contrast-enhanced

magnetic resonance  imaging,  axial  and sagittal  projections,  respectively.  Abnormal  insertion  of  the  medial  gastrocnemius  muscle,

the tendon  of  which  ascends  more  than  normal,  passing  between  the popliteal  artery  and  vein  and  inserting  in the posterior  cortex

of the  femoral  metaphysis,  where  a  benign  bony  outgrowth  has formed.  Modified  Love  and  Whelan  II  classification.
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