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Vascular compression syndromes are caused by the entrapment of ves-
sels between rigid or semirigid surfaces in a confined anatomic space.
Chronic entrapment may lead to arterial ischemia and embolism, ve-
nous stasis and thrombosis, and hematuria. These syndromes are usu-
ally seen in otherwise healthy young patients, among whom underdiag-
nosis is common. Most occurrences of vascular compression are associ-
ated with an underlying anatomic abnormality. In a small percentage of
cases, other contributing factors, including repetitive microtrauma, may
cause pathologic changes leading to the onset of pain and other symp-
toms of vascular and neural compression. Hence, the diagnosis must
be based on both clinical and radiologic findings. Because some cases
of vascular entrapment become symptomatic only when specific physi-
cal maneuvers are performed, dynamic diagnostic imaging methods are
especially useful. Digital subtraction angiography has been the mainstay
of imaging-based diagnosis for most vascular compression syndromes,
but other methods (eg, color Doppler ultrasonography, computed to-
mographic angiography, and magnetic resonance angiography) are used
with increasing frequency for initial diagnostic evaluation. Because vas-
cular compression syndromes are caused by the external compression
of vessels, endoluminal treatment alone is rarely adequate and surgical
decompression is likely to be required for optimal and durable clinical
benefit. Supplemental material available at hzzp://radiographics.rsna.org
Hookup/suppl/doi:10.1148/rg.321115011/-/DC1.

Abbreviations: DSA = digital subtraction angiography, LCIV = left common iliac vein, RCIA = right common iliac artery, TOS = thoracic outlet

syndrome
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TOS due to arterial compression in a 20-year-old woman with acute left arm pain that intensified with

exercise. (a) Radiograph shows bilateral cervical ribs (arrows). (b) Arteriogram obtained at DSA with the arm in a
neutral position shows a thrombus (arrow) with irregularity and aneurysmal dilatation of the left subclavian artery.
(c) Arch aortogram obtained at DSA with elevation and abduction of the arm shows complete left subclavian artery
occlusion (arrow). (d) Arteriogram obtained at DSA shows embolism (arrow) of the distal left ulnar artery.

Introduction

Vascular compression syndromes are clinical en-
tities caused by the entrapment of one or more
blood vessels between rigid or semirigid surfaces
in a confined anatomic space. Although they occur
infrequently (less than 1% of the general popula-
tion are affected), they may cause hemodynami-
cally significant disease, including arterial ischemia
and embolism, venous stasis and thrombosis, and
hematuria in young, otherwise healthy patients.

Diagnosis of vascular compression syndromes
is based on a comparison of clinical and imaging
findings (1). The most commonly used imaging
techniques are noninvasive and include color Dop-
pler ultrasonography (US), computed tomographic
(CT) angiography and venography, and magnetic
resonance (MR) angiography and venography.
However, digital subtraction angiography (DSA)
continues to play a major role in the diagnosis and
treatment of many of these syndromes.

The article surveys a spectrum of arterial and
venous compression syndromes, including tho-

racic outlet syndrome (TOS), Paget-Schroetter
syndrome (effort thrombosis), quadrilateral space
syndrome, median arcuate ligament syndrome
(celiac artery compression syndrome), nutcracker
syndrome (renal vein entrapment syndrome),
May-Thurner syndrome (left common iliac vein
[LCIV] compression syndrome), and popliteal
artery entrapment syndrome. The clinical and
diagnostic features and pathophysiology of spe-
cific compression syndromes are discussed, and
optimal methods for their imaging-based diag-
nosis and management are described. The char-
acteristic imaging findings of each syndrome are
described in detail.

Thoracic Outlet Syndrome
TOS is a neurovascular syndrome caused by com-
pression of the subclavian vessels and brachial
plexus in the narrow thoracic outlet area. There
are three distinct types of TOS: neurogenic, arte-
rial, and venous (Figs 1, 2), depending on what
anatomic structure is compressed (2). Compres-
sion of the brachial plexus occurs in 95% of cases,
whereas the subclavian vein is compressed in 4%,
and the subclavian artery, in 1% (3).
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Figure 2. TOS due to venous compression (Paget-Schroetter syndrome) in a 16-year-old swimmer with a 1-week
history of swelling and cyanosis in the left arm. (a) CT angiogram demonstrates left subclavian and axillary vein
thrombosis (arrow). (b) Venogram obtained at DSA with the arm abducted 90° shows left axillary and subclavian
vein thrombosis with multiple venous collaterals. (c) Venogram obtained at DSA with the arm adducted, 24 hours
after venous catheterization and thrombolysis, shows a patent irregular subclavian vein with an abrupt severe ste-
nosis in the costoclavicular space. (d) Venogram obtained at DSA after thrombolytic therapy shows subclavian vein
occlusion (arrow), a typical feature of TOS, when the arm is hyperabducted.

Figure 3. The thoracic outlet encompasses three anatomic spaces: the interscalene triangle, costoclavicular tri-
angle, and retro—pectoralis minor space. (a, b) The interscalene triangle (dashed line in a and b), the farthest medial
space, is bordered by the anterior scalene muscle anteriorly, the middle scalene muscle posteriorly, and the first rib
inferiorly, and is transected by the subclavian artery and three divisions of the brachial plexus. The costoclavicular
triangle (dotted line in b) is bordered by the middle third of the clavicle superiorly, the subclavian muscle anteriorly,
and the first rib and scalene muscle posteriorly. (¢) The retro—pectoralis minor space (solid line), the farthest lateral
of the three spaces, is located beneath the coracoid process and is bordered by the pectoralis minor anteriorly, the
subscapularis muscle posteriorly and superiorly, and the anterior chest wall posteriorly and inferiorly. TOS may be
caused by musculoskeletal compression of the vessels and nerves within these spaces.

Anatomy most medial space, is bordered by the anterior
The thoracic outlet is located above the first rib scalene muscle anteriorly, the middle scalene
and behind the clavicle. It includes three differ- muscle posteriorly, and the medial surface of the
ent anatomic spaces—the interscalene triangle, first rib inferiorly (Fig 3a). The subclavian artery

the costoclavicular space, and the retro—pectoralis
minor space (1). The interscalene triangle, the
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and the three divisions of the brachial plexus pass
through it.

The second passageway is the costoclavicular
triangle, which is bordered superiorly by the
middle third of the clavicle, anteriorly by the
subclavius muscle, and posteriorly by the first
rib and middle scalene muscle (Fig 3b). The
subclavian vein passes at the anterior aspect of
this space, with the subclavian artery and the
three cords of the brachial plexus located imme-
diately posterior to it.

The retro—pectoralis minor space, also called
the subcoracoid space, is the most lateral of the
three and is located beneath the coracoid process.
Its borders are the pectoralis minor muscle ante-
riorly, the subscapularis muscle posteriorly and
superiorly, and the anterior chest wall posteriorly
and inferiorly (Fig 3c). This space contains the
axillary vessels and the three cords of the brachial
plexus, which divide into five terminal branches.

Pathophysiology

Even with the arm at rest, anatomic anomalies
may result in narrowing of the thoracic outlet, a
condition that may be exacerbated during physical
maneuvers such as abduction of the arm. Eleva-
tion of the arm narrows the costoclavicular space
and retro—pectoralis minor space in particular,
with less effect on the interscalene triangle (4,5).

Vascular compression is most frequent in the
costoclavicular space and less common in the in-
terscalene triangle, whereas neurologic compres-
sion occurs with equal frequency in the costocla-
vicular space and the interscalene triangle (4).
The retro—pectoralis minor space has rarely been
reported as a site of compression (1).

The main causes of abnormal narrowing of the
various thoracic outlet compartments are clas-
sified as either anatomic or posttraumatic. Ana-
tomic sources of compression include cervical
ribs, which occur in less than 1% of the general
population (6), an elongated transverse process
of the C7 vertebra, congenital fibromuscular
bands, and aberrant scalene muscle anatomy
(eg, hypertrophy of the anterior scalene or pec-
toralis minor muscles, a common origin of the
anterior and middle scalene muscles, passage
of the brachial plexus through the substance of
the anterior scalene muscle, and supernumerary
scalene muscles). Posttraumatic causes include
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first rib or clavicle fractures with excessive callus,
scarring, and posttraumatic or surgical adhesions.
Narrowing can also be caused by poor posture of
the shoulder girdle with “drooping shoulder” and
increased acromioclavicular descent.

The lack of an objective test allowing defini-
tive confirmation of the diagnosis of TOS causes
uncertainty regarding its true prevalence, with
estimates ranging from 0.3% to 8% of the U.S.
population (3,7). Those affected are typically
women between the ages of 20 and 40 years
(female-to-male ratio, 3—4:1) (8).

Symptoms and Signs

TOS is a dynamic syndrome with symptoms that
usually manifest during elevation and abduction
of the arm, particularly with sustained movement
such as occurs while reaching for objects over-
head, painting, or lifting. Symptoms vary accord-
ing to the focus of compression. In most patients,
symptoms are neurologic, secondary to brachial
plexus compression. The C8 and T'1 nerve roots
are involved in 90% of patients, producing pain
and paresthesia in the ulnar nerve distribution

(ie, the medial aspect of the arm and forearm and
the ring and small fingers). Cervical nerve roots
C5 through C7 are the second most commonly
involved structures. Compression at these points
produces pain in the radial nerve distribution
within the arm, as well as in the neck, ear, upper
chest, and upper back (7). Other neurologic symp-
toms include numbness, weakness, and cold intol-
erance. Neck pain, occipital headache, thenar wast-
ing, and Raynaud phenomenon also may occur.
Although neurogenic TOS is the most common
type, it is the hardest to diagnose and treat (9).

Venous compression may cause subclavian
vein thrombosis, which is manifested in arm
swelling, distention of the superficial veins of the
upper arm and shoulder region, cyanosis, and
pain. Subclavian artery compression may cause
mural thrombosis and aneurysmal dilatation with
the risk of distal embolization and digital isch-
emia (Fig 1). Symptoms may include claudica-
tion, pallor, coldness, paresthesia, and pain in the
arm and hand.

In most cases, the physical examination is nor-
mal. However, in the presence of arterial TOS,
the distal pulse measurement may be abnormal,
and there may be an asymmetric reduction of
blood pressure in the affected arm by more than
20 mm Hg.
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Diagnostic Evaluation

There is no specific examination that proves the
diagnosis of TOS. Therefore, the condition is di-
agnosed in cases where clinical suspicion is high
because of a combination of positive clinical and
imaging findings.

Several provocative clinical tests can be per-
formed when the presence of TOS is suspected.
These include the Roos, Adson, and Wright tests,
all of which are based on revelation of an abnor-
mality in response to dynamic compression of the
vessels. The Roos test is used to provoke symp-
toms with the patient repeatedly clenching and
unclenching the fists while keeping the arms ab-
ducted and externally rotated. In the Adson test,
the radial pulses are palpated while the patient
is in a sitting position with hands on thighs, the
neck hyperextended, and the head turned toward
the affected side. Obliteration of the radial pulse
during this maneuver is a positive sign of TOS.
The Wright test is performed during hyperabduc-
tion of the arms; again, diminution of the pulse is
considered a positive finding of TOS. However,
the results of most such tests are considered
unreliable, and the most consistently useful ma-
neuver for the diagnosis of TOS is abduction or
hyperabduction of the arm (4).

Radiologic Imaging

Radiography.—Radiography of the neck and
chest may depict lower cervical and upper tho-
racic osseous abnormalities such as cervical ribs,
an elongated transverse process of the C7 verte-
bra, an abnormal first rib or clavicle, or neoplas-
tic or posttraumatic abnormalities in bone.

Doppler US.—Color duplex US can depict sub-
clavian vessel thrombosis and dynamic vessel
compression during arm maneuvers. The diag-
nosis of TOS at US is indirect and is based on
alteration of blood flow (eg, complete cessation
of flow, increased flow velocity as a sign of steno-
sis); the site of vessel compression is not demon-
strated (10). B-mode scanning may be useful for
diagnosis of arterial TOS, as it may allow detec-
tion of anatomic abnormalities such as aneurys-
mal dilatation and vessel deviation (11).

CT Angiography.—C'T angiography is an excel-
lent tool for demonstrating vascular and osseous
abnormalities. Intravenous contrast material
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should be injected from the side opposite that of
imaging, to avoid injection artifacts. The study
should be performed with the arms first placed
alongside the body (adducted) and then elevated
above the head (hyperabducted). The two sets of
images are then compared to assess the degree
of vascular compression with the arms elevated
(positional CT). The ideal protocol for the diag-
nosis of arterial TOS begins with the intravenous
administration of 90 mL of contrast material at a
rate of 4 mL/sec, with arterial phase imaging per-
formed 15-20 seconds after and CT venography
performed 80-90 seconds after the injection is
initiated (5). Sagittal and coronal reconstructions
and volume rendering are helpful for the diag-
nostic interpretation of imaging features. Venous
compression may be difficult to diagnose because
some degree of compression is frequently present
in all compartments of the thoracic outlet in
asymptomatic individuals when the arm is el-
evated (4,12).

CT angiography also facilitates the detection
of collateral pathways of arterial and venous cir-
culation in the presence of thrombosis or hemo-
dynamically significant compression. The main
limitations of the modality are its restricted capa-
bility for depicting the brachial plexus, the mini-
mal arm abduction that can be performed inside
the scanner gantry, and the fact that angiographic
studies performed with the patient supine may
lead to false-negative findings (12,13).

MR Angiography.—MR angiography should be
performed with a phased-array body coil. MR
imaging provides superior soft tissue contrast res-
olution, with the main advantage being portrayal
of the brachial plexus, scalene muscle abnormali-
ties, and fibrous bands. As in CT angiography,
two studies are performed with the arm in differ-
ent positions. A sagittal T'1-weighted sequence is
the optimal technique for depicting anatomic de-
tails and vascular and nervous compression (4).
The main limitation of MR angiography, as of
CT angiography, is the patient’s restricted ability
to elevate the arm when lying inside the magnet.

Conventional Angiography.—DSA (including
both arteriography and venography) has thera-
peutic as well as diagnostic uses in patients with
a vascular compression syndrome. Dynamic
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extrinsic compression, thrombosis, and aneurys-
mal dilatation of vessels, along with the presence
of distal emboli and collateral vessels, can be
readily diagnosed with DSA. The main limita-
tion of DSA is that the impinging anatomic
musculoskeletal structure is not demonstrated
clearly (1). The DSA examination includes
venography of both limbs, because in 15% of
patients with subclavian vein thrombosis both
limbs are involved (14).

Management
Treatment algorithms depend on the type and
severity of TOS. Accurate diagnosis of the underly-
ing structural abnormality is necessary to prevent
recurrence. Neurogenic TOS is usually treated
conservatively with physical therapy, nonsteroidal
anti-inflammatory agents, and muscle relaxants
(1). In cases of acute thrombosis, the restoration of
venous or arterial blood flow is accomplished with
catheter-directed thrombolytic therapy and con-
comitant anticoagulation therapy, or with brachial
artery thromboembolectomy. Since TOS is caused
by extrinsic compression, symptomatic patients
with or without thrombosis also benefit from sur-
gery (1). Surgical strategies include resection of
cervical and first ribs, with or without anterior sca-
lenectomy, and lysis of any fibrous bands present.
Apart from restoring perfusion to the arm and
decompressing the thoracic outlet space, any an-
eurysmal dilatation or stenosis of the artery may
prompt reconstruction of the arterial segment,
which is often the source of emboli (1).
Endoluminal stents should not be used in the
initial management of TOS because subclavian
vessel compression frequently results in stent
bending, fracture, or rethrombosis; therefore, stent
placement is reserved for use in patients with re-
current occlusion or postsurgical stenosis (15).

Paget-Schroetter Syndrome
Paget-Schroetter syndrome, also referred to as
effort thrombosis, is a subtype of venous TOS
caused by vigorous overhead arm physical ac-
tivity and is most often seen in young athletic
males. Annual incidence in the United States is
estimated at one to two cases per 100,000 in the
general population (15).The syndrome is charac-
terized by primary thrombosis of the subclavian
vein at the costoclavicular junction (15). The sub-
clavian vein is subject to compression and injury
where it passes through the costoclavicular space,
between the first rib and the clavicle. Repetitive
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or vigorous activity can cause trauma to the vein
and precipitate venous thrombosis (16) (Fig 2).
It is unclear whether Paget-Schroetter syndrome
is secondary to narrowing of the costoclavicular
space because of anterior scalene or subclavian
muscle hypertrophy and osseous abnormality of
the clavicle or first rib or whether it can occur
spontaneously, without any other abnormality
(15). Treatment of Paget-Schroetter syndrome is
the same as that of any other type of TOS, with
catheter-mediated thrombolysis in the acute dis-
ease setting and surgical decompression of the cos-
toclavicular junction in a second therapeutic phase.
The latter is necessary because thrombosis recurs
in one-third of patients in whom the underlying
anatomic problem is not surgically corrected (17).

Quadrilateral Space Syndrome
Quadrilateral space syndrome is a neurovascular
compression syndrome involving the posterior
humeral circumflex artery and/or the axillary
nerve in the quadrilateral space (18) (Fig 4).

The quadrilateral space is the anatomic com-
partment formed by the teres major inferiorly, the
long head of the triceps medially, the teres minor
posteriorly, the subscapularis anteriorly, and the
surgical neck of the humerus laterally. The most
common causes of the clinical syndrome are
posttraumatic fibrotic bands within the quadri-
lateral space that tend to compress the posterior
humeral circumflex artery, and hypertrophy of
the muscles in throwing athletes such as tennis
players (20). However, the pathophysiology of
quadrilateral space syndrome remains to be elu-
cidated; it is not clear whether the compression is
dynamic or static (18).

The syndrome usually occurs in physically ac-
tive adults between the ages of 20 and 35 years.
Symptoms may include point tenderness over the
quadrilateral space, burning pain and paresthesias
over the lateral aspect of the shoulder and arm,
and weakness of the deltoid and teres minor mus-
cles, all of which are usually aggravated during
abduction and external rotation of the arm (18).

Physical examination should focus on identify-
ing the location of point tenderness in the quad-
rilateral space. Atrophy of the deltoid and teres
minor muscles also may be noted.

Imaging Evaluation

Conventional Angiography.—DSA should be
performed with the arm in a neutral position as
well as with the Lang maneuver (ie, hyperabduc-
tion and external rotation of the affected arm
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Figure 4. Quadrilateral space syndrome. (a) Drawing shows the complex anatomy of the quadrilateral space.
(b, ¢) Quadrilateral space syndrome in a 55-year-old woman with chronic left shoulder pain, deltoid wasting, and an
abnormal axillary nerve electromyogram. The patient’s pain worsened during the Lang maneuver (with hyperabduc-
tion and external rotation of the arm while the head was turned contralaterally). Arteriogram obtained at DSA with
the arm in a neutral position (b) shows a kink in the posterior circumflex humeral artery (arrow) caused by external
compression. Arteriogram obtained at DSA during the Lang maneuver (c) shows occlusion of the posterior circum-
flex humeral artery (arrow). (d) Sagittal oblique T1-weighted MR image in another patient shows fatty atrophy of
the teres minor muscle (arrow). (Fig 4d reprinted, with permission, from reference 19.)

with contralateral rotation of the head). The ipsi-
lateral shoulder is raised, and a weight is placed
in the hand. Occlusion of the posterior humeral
circumflex artery in the dynamic position (21),
the main finding of quadrilateral space syndrome,
is considered diagnostic; however occlusion of the
posterior humeral circumflex artery was also re-
ported in 80% of asymptomatic control subjects
in one study (22).

MR Imaging.—MR imaging may demonstrate
a distinctive appearance of selective teres minor
fatty atrophy (23) (Fig 4d). In addition, MR
imaging can improve diagnostic specificity by
helping rule out conditions such as rotator cuff
tear and labral abnormality, which can cause
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Figure 5. Median arcuate ligament syndrome in a 45-year-old woman with postprandial abdominal pain, intermit-
tent nausea, and weight loss. (a) Sagittal maximum intensity projection image obtained at contrast-enhanced CT
shows the proximal celiac artery with acute upward angulation, abnormal indentation over its proximal aspect, and
severe poststenotic dilatation (arrow). (b) Lateral superior mesenteric arteriogram obtained at DSA at end inspira-
tion shows a severe, persistent focal stenosis (arrow) near its origin, with poststenotic dilatation and absence of filling
of the common hepatic artery. (¢) Lateral superior mesenteric arteriogram obtained at DSA during simple breath
holding shows a marked reduction in the severity of the stenosis (arrow) but persistent poststenotic dilatation.

symptoms mimicking those of quadrilateral space
syndrome (18). Hence, some authors favor MR
imaging over DSA for the diagnosis of quadrilat-
eral space syndrome (24).

Management

Initial treatment is usually conservative and in-
cludes analgesics, physiotherapy, and avoidance
of athletic activities (18). Surgery is reserved for
acute or chronic cases that fail to respond to con-
servative management and includes neurovascu-
lar release with resection of fibrous bands located
in the quadrilateral space.

Median Arcuate

Ligament Syndrome
Median arcuate ligament syndrome, also known
as celiac artery compression syndrome, is caused
by compression of the celiac artery by the median
arcuate ligament. The median arcuate ligament is a
fibrous arch that connects the diaphragmatic crura
on both sides of the aortic hiatus. The ligament
normally passes superior to the celiac axis at the
level of the L1 vertebra. In 10%—-24% of the gen-
eral population, the ligament passes inferior and
anterior to the celiac artery. In people with this
anatomic variant, the proximal part of the celiac
artery may be compressed by the abnormally low

ligament, resulting in hemodynamically significant
symptoms (25,26). Contributing anatomic factors
may be a higher than normal celiac origin or lower
than normal diaphragmatic crura.

Controversy surrounds the diagnosis of this
syndrome, because imaging studies may yield
false-positive findings in approximately half of
normal subjects, and surgical treatment has had
limited success in the past (25,27-29). Some au-
thors deny the existence of this syndrome (28).
Correlation of imaging findings with clinical
findings is therefore crucial. Isolated compres-
sion of the celiac axis during end expiration is not
necessarily a clinically significant event, and it
may be observed in 10%—-50% of normal subjects
(25,29-31) (Fig 5).

The syndrome is most common in thin women
who are between the ages of 20 and 40 years
(25). Clinical features include postprandial epi-
gastric pain, nausea, and weight loss. At physical
examination, abdominal bruit that increases with
expiration may be audible in the midepigastric
region (25).

Imaging Evaluation
Conventional Angiography.—DSA performed

with the patient in a lateral position has been the
reference standard for diagnosis. The main find-
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Figure 6. Nutcracker syndrome in a 19-year-old woman with hematuria and left-sided flank
pain. Sagittal (a) and axial (b) CT angiograms demonstrate compression of the left renal vein
(arrow in a) between the aorta and superior mesenteric artery, with proximal venous dilatation

and multiple perirenal collateral vessels (dotted circle in b).

ing is a characteristic superior indentation on
the proximal celiac artery (25). When compres-
sion is suspected, imaging should be performed
at expiration as well as end inspiration, when
the celiac axis is in a more caudal position (30).
Compression is considered severe when it per-
sists at end inspiration, when it causes a post-
stenotic dilatation of the celiac artery, or when
there is collateral filling of the celiac artery from
the superior mesenteric artery and the pancre-
aticoduodenal arcade (25,29).

CT Angiography.—Angiography performed with
thin-section multidetector CT, with sagittal re-
constructions and maximum intensity projection
images, may substitute for DSA for diagnosing
median arcuate ligament syndrome. The main
finding at CT angiography, as at DSA, is a char-
acteristic focal narrowing (“hooked” appearance)
of the proximal celiac artery on sagittal images
obtained at expiration. The ligament is visible

as it crosses the artery and may be thicker than
usual (4 mm or more). A protocol suggested by
Horton et al (25) begins with the injection of
120 mL of a nonionic contrast agent at a rate of
3 mL/sec, followed by arterial and venous phase
scanning at 25 and 50 seconds after the injection
with thin (0.75-mm) sections reconstructed every
0.5 mm for three-dimensional imaging.

MR Angiography.—MR angiography can also be
useful for the diagnosis of median arcuate liga-
ment syndrome. MR angiographic studies should
be performed during inspiration and at end expi-
ration (29).

Management

Laparoscopic surgery, with division of the median
arcuate ligament and decompression of the celiac
artery, has been performed with variable success;
therefore it should be reserved for patients with
classic and distinct findings such as postprandial
pain, weight loss, poststenotic dilatation, and col-
lateral vessels (32).

Nutcracker Syndrome
Nutcracker syndrome (also known as renal vein
entrapment syndrome) is caused by entrapment
of the left renal vein between the superior mesen-
teric artery and the aorta, with resultant stenosis
of the left renal vein leading to increased venous
pressure, increased capillary pressure, and he-
maturia. A contributing factor may be a narrow
angle of origin of the superior mesenteric artery
from the aorta (33). The prevalence of nutcracker
syndrome is unknown. It typically occurs in
young, healthy individuals, mostly women in the
3rd—4th decade of life.

Intermittent asymptomatic gross hematuria
is the usual manifestation (34). In men, reflux
from the left renal vein to the left testicular vein
may lead to a varicocele, left testicular pain, and
infertility (35). In women, reflux to the ovar-
ian vein may cause congestion in the ovarian
and parametrial venous plexuses (36) and lead
to pelvic congestion syndrome, which is char-
acterized by genital, pelvic, and thigh varices,
dysmenorrhea, dyspareunia, postcoital ache, and
pelvic pain (37) (Fig 6).
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Figure 7. May-Thurner syndrome. (a) Drawings show compression of the LCIV between the RCIA and the spine.p
(b-h) May-Thurner syndrome in a 44-year-old woman with a history of oral contraceptive use, a recent long flight,
and left lower extremity swelling for 2 weeks before presentation. (b) Axial CT angiograms obtained with oral and
intravenous contrast material at progressively lower levels (left to right) show compression of the LCIV by the RCIA
(left, arrow), causing deep vein thrombosis in the LCIV (middle, arrow) and left common femoral vein (right, ar-

row). (¢, d) Venograms obtained at DSA with the patient prone show deep vein thrombosis of the LCIV (arrow in

¢) and thrombosis of the superficial femoral and popliteal veins (d). (e¢) Prone venogram obtained at DSA 24 hours
after pharmacomechanical thrombolysis shows a critical stenosis of the distal LCIV at the RCIA crossover (arrow),

a finding consistent with May-Thurner syndrome. (f) Supine venogram obtained at DSA after thrombolysis and

LCIV stent placement (arrow) shows restoration of flow. The inferior vena cava filter was subsequently removed. (g,

RadioGraphics

h) Photographs shows severe swelling, erythema, and edema of the left lower extremity at presentation (g) and a
normal appearance 1 week after thrombolysis and LCIV stent placement (h).

Imaging Evaluation

Doppler US.—Doppler imaging can be used to
measure flow velocity and renal vein diameter at
the renal hilum where the superior mesenteric
artery crosses the renal vein (34,38). Flow veloc-
ity should exceed 100 cm/sec at this point (39).
A sensitivity of 78% and specificity of 100% were
reported with the use of Doppler US for diagno-
sis of nutcracker syndrome (38).

CT and MR Angiography.—Sagittal images from
CT angiography and MR angiography demon-
strate the renal venous anatomy between the supe-
rior mesenteric artery and the aorta and may show
the precise compression point of the left renal vein.
CT angiography and MR angiography also may
depict dilated gonadal, periureteral, and perirenal
veins, as well as pelvic venous collaterals (Fig 6).

Conventional Venography.—Retrograde left re-
nal venography performed with DSA is the refer-
ence standard for the diagnosis of nutcracker syn-
drome. Compression of the left renal vein, reflux
into the adrenal and gonadal veins, and the pres-
ence of periureteral and perirenal venous collater-
als may be demonstrated. Venography also allows
the measurement of increased blood pressure

in the left renal vein and the renal venous—caval
pressure gradient, with a gradient of more than

3 mm Hg being considered diagnostic of nut-
cracker syndrome. The renal venous—caval pres-
sure gradient is an important diagnostic criterion
because some degree of anatomic compression
of the left renal vein between the aorta and the
superior mesenteric artery is present in as many
as 72% of subjects in the general population (40).
It is important to correlate clinical and imaging
findings because the anatomic configuration as-
sociated with the nutcracker syndrome is much
more common than the clinical syndrome (41).

Management

The preferred method of treatment for nut-
cracker syndrome depends on the severity of
symptoms. Most cases can be managed con-
servatively, especially those in young patients
undergoing puberty, who have a higher rate of
spontaneous remission (42). However, surgery
may be necessary for severe cases with persistent
hematuria. Several surgical techniques, includ-
ing renal vein transposition, superior mesenteric
artery reimplantation, renal autotransplantation,
and gonadocaval bypass, may be applied, with the
best outcomes reported for left renal vein trans-
position (41). Endovascular stent placement in
the renal vein is an emerging minimally invasive
alternative (43,44). In cases of severe pelvic con-
gestion syndrome and varicocele, gonadal vein
embolization or surgical ligation also may be ef-
fective (45).

May-Thurner (Cockett) Syndrome
In May-Thurner or Cockett syndrome, the left
common iliac vein (LCIV) is compressed be-
tween the right common iliac artery (RCIA) an-
teriorly and the fifth lumbar vertebra posteriorly.
Chronic venous stasis resulting from compres-
sion may lead to deep vein thrombosis in the left
iliac and femoral veins. The overlying RCIA may
affect the LCIV in two ways: (a) by physically
compressing it and (b) by producing intimal hy-
pertrophy with synechiae due to repetitive pulsa-
tile impact (46).

The syndrome is diagnosed in 2%-5% of
people undergoing evaluation for chronic venous
disorders (47). Most patients are women in the
2nd to 4th decades of life (48).

The most frequent symptom is left lower ex-
tremity swelling, which may or may not be due to
deep vein thrombosis. Other symptoms include
varicose veins, venous eczema, hyperpigmenta-
tion, exertional pain, and venous ulcers in the left
leg. In some cases, pulmonary emboli may be the
primary finding at presentation (49) (Fig 7).
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Figure 8. Schemas show the six types of popliteal artery entrapment syndrome. In type 1, the artery follows an
aberrant medial course around the normal medial head of gastrocnemius muscle; in type 2, the artery is displaced
medially by an abnormal head of the gastrocnemius muscle, which inserts laterally on the distal femur; in type 3, the
normally positioned artery is enveloped and entrapped by an aberrant accessory slip from the medial head of the gas-
trocnemius muscle; in type 4, the artery is entrapped by its location deep in the popliteus muscle or beneath fibrous
bands in the popliteal fossa; in type 5, the artery and vein are both entrapped; and in type 6, the functional, normally
positioned artery is entrapped by a normally positioned but hypertrophic gastrocnemius muscle. AS = accessory
slip, LGN = lateral gastrocnemius, MGN = medial gastrocnemius.

Imaging Evaluation

Doppler US.—Doppler US can depict deep vein
thrombosis in the LCIV. However, the iliac ves-
sels may not be adequately demonstrated by US
in an estimated 20% of the general population
(50).

Conventional Venography.—Retrograde ve-
nography performed with DSA is the reference
standard for diagnostic imaging of patients in
whom the presence of May-Thurner syndrome

is suspected. Retrograde venography can show
LCIV stenosis due to compression, and it allows
quantitative assessment of the venous-caval pres-
sure gradient. In addition, it may show tortuous
venous collaterals crossing the pelvis and con-
necting with the contralateral veins (51).

MR Venography.—MR venography can demon-
strate the venous course as well as the external
compression and thrombosis frequently associ-
ated with May-Thurner syndrome. However, MR
examination is expensive and time consuming
and may be negatively affected by artifacts due to
stents in the LCIV.
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Anatomy-based Classification of Popliteal Artery Entrapment Syndromes
Syndrome Type Underlying Anatomic Abnormality
1 Aberrant medial course of the popliteal artery around the normal
medial head of the gastrocnemius muscle
2 Aberrant lateral insertion of the medial head of the gastrocnemius
muscle on the distal femur, with resultant medial displacement of
the popliteal artery
3 Abnormal accessory slip of gastrocnemius muscle
Fibrous band or popliteus muscle
5 Any abnormality causing entrapment of the popliteal vein as well as
the artery
6 Hypertrophy of the gastrocnemius muscle

CT Venography.—CT venography is comparable
to US for the diagnosis of femoropopliteal deep
vein thrombosis (52) but is considered superior
for the diagnosis of thrombosis of the iliac veins
and inferior vena cava (53).

Management

Several surgical approaches have been used in the
management of May-Thurner syndrome. Cathe-
ter-directed thrombolysis followed by angioplasty
with stent placement in the iliac vein is an alter-
native that is used with increasing frequency (54)
and recently was reported to provide long-term
patency (55).

Popliteal Artery

Entrapment Syndrome
Popliteal artery entrapment syndrome is a vascu-
lar compression syndrome of the popliteal artery,
which usually courses between the two heads of
the gastrocnemius muscle in the popliteal fossa. In
popliteal artery entrapment syndrome, the artery
is deviated from its normal course and is repeat-
edly compressed during plantar or dorsal flexion.
Spontaneous thrombosis, distal embolization, and
aneurysm formation may result (56,57).

Six types of popliteal artery entrapment syn-
drome have been described on the basis of the ana-
tomic abnormality causing entrapment (56,58—60)
(Fig 8; Table). Type 3 popliteal artery entrapment
syndrome is the most common, accounting for
30% of cases. Isolated compression of the poplit-
eal vein has been reported rarely (61). Popliteal

artery entrapment syndrome is most prevalent in
healthy young males. An estimated 60% of pa-
tients are younger than 30 years, with a male-to-
female ratio of 15:1 (62).The prevalence of pop-
liteal artery entrapment syndrome is unknown.
However, the syndrome was found in 0.165% of
young males entering military service (63), and
an associated anatomic abnormality was found
in 3.8% of cadavers in a postmortem study (64);
together, these results suggest that the anatomic
anomaly may be much more common than the
clinical syndrome. Popliteal artery entrapment syn-
drome is bilateral in 22%-67% of patients (65).

Claudication and exercise-induced leg pain,
the most common symptoms at presentation, are
seen in approximately 90% of patients. Approxi-
mately 10% of patients report symptoms of acute
or chronic limb ischemia, including paresthesias,
rest pain, or tissue loss, at presentation (66).

At physical examination, arterial compression
during plantar flexion or dorsiflexion of the foot
may cause a decrease in or disappearance of the
normal pulses. In addition, the normal ankle-
brachial index at rest may be decreased during
exercise (56).

Some degree of narrowing of the popliteal ar-
tery with plantar flexion or dorsiflexion may oc-
cur in as many as 50% of the general population
(67); therefore, it is crucial that radiologic imag-
ing features be correlated with clinical manifesta-
tions before treatment is initiated (Fig 9).
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Figure 9. DPopliteal artery entrapment syndrome in a healthy, athletic 30-year-old man with symptoms of claudica-
tion in both calves for several months. (a) Coronal three-dimensional CT angiogram obtained with the extremities in a
neutral position shows complete obstruction of the left popliteal artery and aneurysmal dilatation of the right popliteal
artery. (b) Arteriogram obtained at DSA depicts an aneurysm of the right popliteal artery and an abnormally high ori-
gin of the anterior tibial artery. (¢) Arteriogram obtained at DSA during dorsiflexion of the right foot shows complete
occlusion of the popliteal artery, helping confirm the diagnosis of popliteal artery entrapment syndrome.

Imaging Evaluation

Doppler US.—Doppler imaging may demonstrate
popliteal artery stenosis, increased velocity, or de-
creased peak systolic activity, with dynamic com-
pression (68). Popliteal artery occlusion during
stress maneuvers can occur in as many as 88% of
asymptomatic patients; hence, it is important to
remember that there may be a significant false-
positive rate with duplex Doppler US (69).

CT Angiography.—Because CT angiography is
relatively noninvasive and provides excellent soft
tissue contrast resolution and high spatial resolu-
tion, it may eventually replace DSA as the refer-
ence standard for diagnosis of popliteal artery

entrapment syndrome (39,57). A standard CT
angiography protocol for diagnosis of popliteal
artery entrapment syndrome includes three sepa-
rate intravenous injections of 60 mL of iodinated
contrast material for scanning of the extremity
with the foot in a neutral position, in plantar flex-
ion, and in dorsal flexion. Axial scanning is per-
formed from the middle calf to the middle thigh
with a section thickness of 2 mm, increment of 1
mm, 120 kVp, and 200-300 mA:s.

Multiplanar reconstructions, maximum in-
tensity projections, and volume rendering are
performed at image data reconstruction to aid
the visualization of the entire vessel course and
surrounding anatomy. Dynamic CT angiography
is especially helpful in cases of advanced popliteal
artery entrapment syndrome with thrombosis
(57) (Movies 1, 2).
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MR Angiography.—Like CT angiography, MR
angiography is noninvasive and can demonstrate
stenosis of the popliteal artery during dynamic
compression. In addition, it has a superior capa-
bility for demonstrating the surrounding anatomy
and soft tissue, helping determine the relation

of the popliteal artery to the adjacent muscle in
the popliteal fossa. Diagnostic accuracy with MR
angiography has been reported to be comparable
to that with DSA, with an absolute correlation of
95% between the two methods (70). The main
limitation of MR angiography is its tendency to
underestimate the degree of constriction in cases
with stenosis of less than 50% in peripheral ves-
sels because of the decreased spatial resolution
and related volume averaging effects (39).

Conventional Angiography.—DSA is the stan-
dard imaging modality for detecting popliteal ar-
tery entrapment syndrome. DSA should be per-
formed with the extremity in a neutral position
as well as with dorsi- and plantar flexion during
stress maneuvers. The main finding is narrowing
of the popliteal artery during stress maneuvers.
Both limbs should be examined because of the
high percentage of bilateral disease. DSA also
may show medial deviation, thrombosis, ectasia,
aneurysm formation, vessel wall irregularity, and
distal embolization to the tibial arteries. The dis-
advantage of DSA, apart from its invasiveness,

is its inability to demonstrate the surrounding
tissues.

Management

Catheter-mediated thrombolysis should be per-
formed in patients with acute arterial thrombosis.
However, the definitive treatment for popliteal
artery entrapment syndrome of types 1 through

5 is surgical release of the gastrocnemius muscle.
Once thrombosis or aneurysm develops in the
artery, the damage is irreversible with decom-
pression alone, and surgery must include vascular
reconstruction (57).

Conclusions
Vascular compression syndromes are important
clinical entities that usually affect young, other-
wise healthy adults. They are often underdiag-
nosed because of a lack of physician awareness
and the subtlety of clinical manifestations.

Eliahou et al E47

Because anatomic abnormalities that may
cause intermittent vascular compression are
more common than the vascular compression
syndromes, the diagnosis of a syndrome should
be based on correlation of clinical and radio-
logic findings. Endoluminal treatment is rarely
adequate as the sole approach to management
of a vascular compression syndrome. Since ex-
trinsic compression is usually the cause of the
syndrome, surgical decompression is required to
achieve optimal and durable clinical benefits in
most patients.
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Page E34 (Figure 1 on page E34. Figure 2 on page E35)
There are three distinct types of TOS: neurogenic, arterial, and venous (Figs 1, 2), depending on what ana-
tomic structure is compressed (2).

Page E36
Even with the arm at rest, anatomic anomalies may result in narrowing of the thoracic outlet, a condition
that may be exacerbated during physical maneuvers such as abduction of the arm.
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Nutcracker syndrome (also known as renal vein entrapment syndrome) is caused by entrapment of the
left renal vein between the superior mesenteric artery and the aorta, with resultant stenosis of the left
renal vein leading to increased venous pressure, increased capillary pressure, and hematuria.
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In May-Thurner or Cockett syndrome, the left common iliac vein (ILCIV) is compressed between the

right common iliac artery (RCIA) anteriorly and the fifth lumbar vertebra posteriorly. Chronic venous
stasis resulting from compression may lead to deep vein thrombosis in the left iliac and femoral veins.
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In popliteal artery entrapment syndrome, the artery is deviated from its normal course and is repeatedly
compressed during plantar or dorsal flexion. Spontaneous thrombosis, distal embolization, and aneurysm
formation may result (56,57).



