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This article describes migraine without aura since childhood in a patient with bilateral
cervical ribs. In addition to usual migraine triggers, symptoms were triggered by neck exten-
sion and by arm abduction and external rotation; paresthesias and pain preceded migraine
triggered by arm and neck movement. Suspected thoracic outlet syndrome was confirmed by
high-resolution bilateral magnetic resonance imaging (MRI) and magnetic resonance
angiography (MRA) of the brachial plexus. An unsuspected aberrant right subclavian artery
was compressed within the scalene triangle. The aberrant subclavian artery splayed apart
the recurrent laryngeal and vagus nerves, displaced the esophagus anteriorly, and effaced
the right stellate ganglia and the C8-T1 nerve roots. Scarring and fibrosis of the left scalene
triangle resulted in acute angulation of the neurovascular bundle and diminished blood flow
in the subclavian artery and vein. A branch of the left sympathetic ganglia was displaced as
it joined the C8-T1 nerve roots. Left scalenectomy and rib resection confirmed the MRI and
MRA findings; the scalene triangle contents were decompressed, and migraine symptoms
subsequently resolved. (J Natl Mecd Assoc. 1999;91 :333-341.)
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Migraine is a primary headache condition associated
with blood flow changes in intracranial and extracere-
bral blood vessels. A typical attack of migraine without
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aura as defined by the International Headache Society
consists of unilateral moderate to severe throbbing
headache pain, with associated photophobia, phonopho-
bia, nausea, and vomiting lasting from 4 to 72 hours.1
Neck pain or stiffness often accompanies migraine even
in mild attacks.25 Patients report that neck pain as well
as certain positions of the neck can trigger a migraine
attack. Headache is reported to be one of the common
complaints of thoracic outlet syndrome and may be a
presenting symptom in some patients.6

Thoracic outlet syndrome is a disorder of the cervi-
cothoracic spine caused by compression of the nerves and
blood vessels supplying the upper limb.7'12 Thoracic out-
let disorders may involve dysfunction at the cervicotho-
racic level of the vertebral column, the first rib, the clavi-
cle, the vascular supply, or adjacent soft tissues.'2
Symptoms often consist of upper extremity pain associat-

JOURNAL OF THE NATIONAL MEDICAL ASSOCIATION, VOL. 91, NO. 6 333



BRACHIAL PLEXOPATHY

ed with numbness and tingling, radiating into the hands.
Autonomic symptoms such as temperature and color
changes may occur. Clinical diagnosis of thoracic outlet
syndrome depends on general examination that may
include such provocative tests as Adson's and hyperab-
duction maneuvers. Diagnostic noninvasive laboratory
studies are indirect and involve conventional radiography
and computerized tomography (CT). Computerized
tomography may incorporate special software programs
to display vascular anatomy. However, these CT vascular
displays do not adequately demonstrate soft tissues. In
addition, CT of the thorax is routinely performed with
patient's arms overhead. In this position, the clavicle and
the subclavius muscle compress the subclavian vein on
the first rib (costoclavicular compression). Intrathoracic,
intra-abdominal, and intracranial pressure increase under
these conditions. When contrast is injected, collateral
blood flow is develops at the site of venous compression.
This should be considered in the interpretation of the
results.

In patients with thoracic outlet syndrome, magnetic
resonance imaging (MRI) typically is performed on the
cervical spine to exclude cord lesions and radiculopathy.
Multiplanar MRI and MRA display soft-tissue fascial
planes. Bilateral brachial plexus MRI and vascular three-
dimensional (3D) reconstruction imaging demonstrate
the relationship of nerves and blood vessels to their sur-
rounding landmark anatomy and delineate the sites of
compromise without the need for contrast agent.910'12

In the past two years, more than 50 patients referred
to our outpatient neurology clinic for evaluation of
intractable migraine were found to have thoracic outlet
complaints. In addition to headache symptoms, these
patients reported paresthesias, temperature and color
changes (especially in the hands), and pain in the neck,
shoulder, and upper extremity. Clinical examination with
arm abduction and external rotation resulted in loss of
radial and brachial pulse with patients noting paresthe-
sias, burning, arm pain or heaviness, and temperature
changes. These maneuvers also triggered patients' typical
migraine or headache symptoms.

The patient described in this article was one of the
first cases evaluated by the authors. Her thoracic outlet
syndrome symptoms and typical migraine attacks were
triggered by driving, neck extension, and abduction and
external rotation of the upper extremities.'3",4 This article
demonstrates the sites of brachial plexus compression in
a migraine patient with aberrant right subclavian artery,
cervical ribs, and scarring and fibrosis of the left scalene
triangle. Plain chest radiograph, selected sequential MRI,
and 2D time-of-flight (TOF) MRA are displayed. Images

that represent the landmark anatomy were selected;
entire sequences for each plane could not be included in
this article. The images selected were chosen because
they complement each other as a group. Individual
images were cross-referenced to the other sequences.

MATERIALS AND METHODS
Magnetic Resonance Imaging

Plain chest radiographs (PA and lateral) are obtained
and reviewed prior to the bilateral brachial plexus MRI.
The chest radiograph is obtained to detect osseous
abnormalities and to eliminate the possibility of unsus-
pected metallic objects. Respiratory gating is applied
throughout the procedure to minimize motion artifact
and maximize the contrast of the soft-tissue signal
intensities. The patient is positioned supine in the body
coil with his or her arms down to the side.
A body coil is used because it offers optimal full

field of view for bilateral imaging of the brachial plexus
and provides uniform signal-to-noise ratio across the
imaging field necessary for 3D reconstruction. Surface
coils are limited to depth and field of view and are not
adequate for bilateral imaging of the brachial plexus. A
water bag (500 mL normal saline) is placed on the right
and the left sides of the neck above the shoulder girdle
to increase signal-to-noise ratio for higher resolution
imaging. A full field of view (40-48 cm) of the neck and
the thorax is used to image both supraclavicular fossae.
A minimum of four imaging sequences is obtained:
contiguous (4-5 mm) coronal, transverse (axial), trans-
verse oblique, and sagittal TI-weighted images. If there
is clinical evidence of scarring, tumor, or lymphatic
obstruction, T2-weighted images or FSE (fast spin
echo) pulse sequences are obtained.

The coronal sequence is imaged first. The brachial
plexus envelops the artery, forming a neurovascular
bundle. The nerves are best imaged when the cursors
are aligned to the arterial blood supply. Because the
margins of the axillary artery vary in each patient, the
cursors must be adjusted individually for each bilateral
MRI brachial plexus examination. The cursors are posi-
tioned from the skin surface of the posterior chest wall
to the skin surface of the anterior chest wall for sym-
metry and 3D reconstruction as well as for detecting
abnormalities that may mimic brachial plexopathies.
The superior landmark is set at the base of the skull, and
the inferior landmark is set at the level of the kidneys.
The image that best demonstrates the arterial blood
flow to the upper extremities is selected as the baseline
image for the remaining sequences.

The transverse sequence is set from the baseline
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coronal image at the superior aspect of the third cervi-
cal vertebral body to the carina. The lateral margins of
the shoulder girdle are imaged to insure bilateral, simul-
taneous display of the brachial plexus.

The transverse oblique sequence is set by aligning the
cursors to the arterial blood supply of each upper extrem-
ity using the baseline coronal sequence. The cursors are
centered to the plane of the axillary artery, 2 cm below
the inferior cord of the brachial plexus to the superior
margin of the coracoid process. This sequence is neces-
sary to detect signal intensity, architecture, and efface-
ment of the long axis of the nerves, arteries, and veins.

The sagittal sequence is obtained by aligning the
cursors laterally to the coracoid process and medially to
include the insertion of the anterior scalene muscle on
the first rib and the middle third of the first thoracic ver-
tebral body. The sagittal plane is necessary to detect
effacement of the neurovascular bundle by the coracoid
process, pectoralis minor muscle, clavicle and subclav-
ius muscle, axillary masses, and abnormalities of the
scalene triangle.

Coronal abduction and external rotation sequence dis-
plays the posteroinferior rotation of the clavicles and sub-
clavius muscles on the landmark anatomy of the neck
and shoulder girdle. After completion of the 2D TOF
MRA sequence, the patient is removed from the gantry,
and without changing body position, the patient's arms
are abducted and extended behind the head. The patient
is then returned to the gantry. This sequence is imaged
from the posterior level of the first thoracic nerve roots to
the anterior margin of the manubrium stemi and first ribs
to display the rotation of the clavicles in relationship to
anatomic landmarks. The sagittal abduction-external
rotation sequence is imaged from the lateral margin of
the left coracoid process to the lateral margin of the right
coracoid process. The images are then cross-referenced
to the above imaging sequences. The clavicles and sub-
clavius muscles rotate posterior inferiorly (18°-53°) and
compress the neurovascular bundles against the first ribs.
The coronal and sagittal abduction-external rotation
sequences capture images that demonstrate changes in
the relationship of the neurovascular bundles to the posi-
tion of the clavicles.

When an image sequence is completed, it is trans-
ferred to another screen at an independent workstation
for review and 3D-reformat display. The software for this
3D reconstruction is already in a 1.5-Tesla GE Signa
MRI unit (GE Medical Systems, Milwaukee, WI). The
images are stored on CT and MRI (GE9800) format and
on optical disks for 3D-color reconstruction on the ISG
workstation (ISG Technologies Inc, Mississauga,

Ontario, Canada). The entire study is monitored by the
radiologist and requires 90 minutes. Selected Kodak
color and black-and-white laser prints and transparencies
are obtained for lectures and poster presentations, and
annotated images are preserved on VHS and archived
digital optical disks.

Equipment
Magnetic resonance images are obtained on the 1.5-

Tesla GE Signa MR scanner. The 3D-reformatted
images are videotaped on a separate work console at the
monitoring station, and computerized color is applied to
the images using an ISG console. A 512X256-matrix
format is used. The saline water bags are those supplied
for intravenous use.

CASE REPORT
A 36-year-old, right-handed woman presented for

evaluation of worsening migraine headache. She report-
ed a history of headaches since childhood characteristic
of migraine without aura. After menarche, her
migraines became more frequent and severe, with the
most severe episodes occurring on the left side. No
association with the menstrual cycle occurred until she
started oral contraceptive medication at age 18 years.
The migraine attacks became more severe at the time of
menses and were incapacitating during pregnancy. The
headaches became less frequent and more manageable
after a total abdominal hysterectomy and bilateral salp-
ingo-oopherectomy at age 22.

The patient reported that during the previous three
years, since began training as a physical therapist, the
migraines had increased in frequency and severity, and
were associated with neck pain and tightness. The
migraines were triggered more easily by alcohol, aro-
matic scents such as perfumes and cologne, sunlight
and heat, and lunchmeat. The frequent headaches were
preceded by "pins and needles" and a tingling sensation
in both hands, mainly in the ring and little fingers, as
well as aching in the forearms. These arm symptoms
were brought on by activities such as prolonged sitting
or extending the neck when having her hair washed at
the hairdresser. Symptoms were the most severe after
arm abduction and external rotation, and the worst
headaches were left-sided, occurring 5-20 minutes after
precipitation of arm symptoms by these maneuvers. The
severe attacks also were associated with debilitating
nausea, vomiting, and photophobia.

Both of the patient's parents had a history of
migraines. A physical examination revealed positive
hyperextension and Adson's tests that were greater on the
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Figure 1.
Coned down PA chest radiograph demonstrates bilateral
cervical ribs. The small right cervical rib originates fr-om the
transverse process of C7 and overlies the posterior first rib.
The larger left cervical rib crosses the high transverse process
of the first thoracic vertebra, posterior first rib, and plura. The
right shoulder girdle is low. (5=fifth cervical vertebra; 6=sixth
cervical vertebra; 7=seventh cervical vertebra; 1 T=first tho-
racic vertebra; arrows=right cervical rib [3 arrows] and left
cervical rib [8 arrows]; open arrows=clavicles; A=aorta;
TR=transverse process of C7.)

left than on the right side. These maneuvers produced
obliteration of the radial pulse on the left and diminution
on the right, with sensory complaints in the hands and
pain in the armns. Several minutes after these procedures,
the patient reported headache and nausea. A neurologic
examination revealed mild weakness of finger abduction
(digiti minimi), finger extension, and elbow extension in
both extremities, but greater on the left. Decreased vibra-
tion sense was found on the left compared to the right,
with deep tendon reflexes more forthcoming on the left
than on the right. Chest radiographs demonstrated bilat-
eral cervical ribs, with the left being larger than the right
(Figure 1).

Bilateral MRI and MRA of the brachial plexus were
requested to demonstrate the site of brachial plexus com-
promise. The large left cervical rib crossed the higher
transverse process of the first thioracic vertebral body. An
aberrant right subclavian artery was discovered on the

coronalMR eqec (Fg re) hrter rgiae

Figure 2.
Coronal sequences demonstrating the aberrant subclavian
artery originating from the left descending aorta and
ascending posterior to the esophagus and trachea and effac-
ing the right stellate ganglia. The right and left common
carotid arteries originate from the aorta. (A=aorta;
AC=acromion; C=clavicle; C6-C7=nerve root; D=deltoid;
H=humerus; SA=subclavian artery; SCG=superior cervical
ganglion; SG=stellate ganglion; SPC=spinal cord;
SUP=supraspinatus muscle; SY=sympathetic nerve; T=tra-
chea; V=vagus nerve; 6=sixth cervical vertebra; 7=seventh
cervical vertebra; LM=lateral mass [pillar] of vertebral body.)

from the left descending aorta and ascended obliquely
posterior to the esophagus and trachea, anterior to the
first thoracic and seventh cervical vertebral bodies over
the posterior apex of the pleura. The artery effaced the
stellate ganglia over the posterior aspect of the pleura and
was compressed in the scalene triangle by the large right
anterior scalene muscle. The right C7 cervical nerve root
was displaced anteriorly by the cervical rib. The left sub-
clavian artery entered the scalene triangle over the low
first rib. The large left middle scalene muscle displaced
the C5, C6, and C7 cervical nerve roots anteriorly as they
coursed over the cervical rib into the supraclavicular
fossa. These nerve roots were straightened and their sig-
nal intensity diminished.

Transverse sequence confirmed the aberrant right
subclavian artery originating from the aortic arch. The
artery narrowed within the scalene triangle as it arched
acutely over the first rib. There was acute angulation
and compression of the left neurovascular bundle poste-
rior to the anterior scalene muscle. The left C8-TI nerve
roots were crimped by the dilated subclavian artery. The
left transverse oblique sequence confirmed the acute
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Figure 3.
Sequential right sagittal image demonstrating ascent of the
aberrant sublavian artery as it courses posterior to the
esophagus and trachea, passing the first and second tho-
racic vertebral bodies. The artery is in the retroesophageal
space, impinging the vagus nerve. (6=sixAt cervical vertebra;
7=seventh cervical vertebra; 1 T=first thoracic vertebra;
2T=second thoracic vertebra; CC=common carotid artery;
E=esophagus; T=trachea; SA=subclavian artery; SPC=spinal
cord; RCL=recurrent laryngeal nerve; and V=vagus nerve.)

angulation of the left neurovascular bundle. The left
cervical rib was identified anterior and lateral to the
transverse process of C7 as it coursed anteriorly over
the intercostal nerve of the first thoracic vertebral body.
A branch of the sympathetic ganglia was displaced by
the lung anterior-medially as it joined the C8-TI nerve
roots. The right transverse oblique sequence confirmed
the dilatation of the aberrant subclavian artery and the
effacement of the TI nerve root as it coursed anteriorly.
The C8-T1 nerve roots crossed the pleura binding to the
dilated subclavian artery. The artery was compressed as
it passed between the anterior and middle scalene mus-
cles and narrowed lateral to the anterior scalene.

The right sagittal sequence demonstrated the retroe-
sophageal position of the narrowed aberrant subclavian
artery (Figures 3 and 4). The artery bisected the vagus
and right recurrent laryngeal nerves (Figure 4), descend-
ed into the scalene triangle, and effaced the stellate gan-
glia (Figures 5 and 6). The artery invaginated the lung
and displaced the C8-TI nerve roots superiorly.

Coronal bilateral abduction and external rotation of

59,

Figure 4.
Sequential right sagittal image demonstrating continued
ascent of the aberrant subclavian artery splaying the vagus
and recurrent laryngeal nerves anterior to the first and sec-
ond thoracic vertebral bodies. (C7=seventh cervical verte-
bra; 1 T=first thoracic vertebra; 2T=second thoracic verte-
bra; CC=common carotid artery; E=esophagus; T=trachea;
SA=subclavian artery; RCL=recurrent laryngeal nerve;
V=vagus nerve; SG=stellate ganglion; and STM=sternoclei-
domastoid muscle.)

the upper extremities confirmed the origin of the aber-
rant subclavian artery from the descending left aorta
(Figure 7). The artery was dilated proximal to the sca-
lene triangle and was compressed within the triangle.
The low right clavicle and the subclavius muscle com-
pressed the neurovascular bundle against the hemitho-
rax. On the left, intermediate gray signal intensities
(fibrosis and scarring) marginated the neurovascular
bundle. Two-dimensional TOF-reconstructed MRA
images displayed the origin of the aberrant subclavian
artery from the descending aorta (Figure 8). The images
demonstrated proximal dilatation of the left axillosub-
clavian vein, partial compression of the right axillosub-
clavian vein, and compression of the aberrant subcla-
vian artery within the scalene triangle. An amorphous
high-signal intensity was displayed over the region of
the left scalene triangle consistent with collateral circu-
lation.

With MRI anatomic correlation, the patient under-
went left surgical decompression. This consisted of
transaxillary first dorsal rib resection and resection of the
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Figure 5.
Sequential right sagittal image demonstrating the aberrant
subclavian artery beginning its course over the pleural of
the right lung. The stellate ganglion is effaced and dis-
placed superolaterally. (1 T=first thoracic vertebra; 2T=sec-
ond thoracic vertebra; C8=C8 cervical nerve root;
CC=common carotid artery; LC=longus colli muscle;
RL=right lung; SA=subclavian artery; SG=stellate ganglion;
and V=vagus.; Ti =first thoracic nerve root; 1 =measure-
ment of diameter of subclavian artery [8 mm].)

left cervical rib, subtotal anterior and middle scalenecto-
my, lysis of the left axillosubclavian artery and vein, and
neurolysis of the inferior trunk and TI nerve root of the
brachial plexus. At surgery, extensive abnormalities of
the left thoracic outlet were observed. There was com-
plete intercostalization of the scalene muscles with a
large muscle mass filling the concavity of the first rib
superiorly. The cervical rib arose from the C7 transverse
process and ended at the junction of the TI nerve root
and inferior trunk of the brachial plexus, deviating the
brachial plexus anteriorly and causing a groove in the
nerve components in that region. The cervical rib was
enveloped in the intercostal muscle with a large attach-
ment to the middle scalene muscle. A fibrocartilaginous
band was observed above the cervical rib that appeared to
arise from the transverse process of the C6 body on the
left. This band was attached to the first rib at the termi-
nation of the cervical rib and further deviated the brachial
plexus. Crossing fibers constricted the axillosubclavian

veslht ars fro th inecsaiesaeemsl

Figure 6.
Sequential right sagittal image demonstrating the aberrant
artery compressed anterior to the first thoracic vertebra
body, coursing over and invaginating the pleura on the
right and displacing the stellate ganglion superior laterally.
(C8=C8 cervical nerve root; Rl =first rib; Tl =T1 nerve root;
IP=invaginated pleura; LC=longus colli muscle; RL=right
lung; SA=subclavian artery; SG=stellate ganglion;
SY=sympathetic nerve and trunk; and V=vagus nerve;
1 =measurement of diameter of subclavian artery [7 mm].)

(Figure 7). The cervical rib indented the inferior trunk of
the brachial plexus and had to be elevated from the trunk
prior to resection.

The intercostalized scalene muscle also contributed
constricting bands across the axillosubclavian vessels,
the inferior trunk, and the Ti nerve root, all of which
were lysed after sectioning of the muscle. Surgical
decompression resulted in resolution of the intractable
migraines.

DISCUSSION
The patient described here had a history of headache

since childhood, which fulfilled the International
Headache Society criteria for migraine without aura.'
Of significance was the fact that in addition to usual
triggers, the patient's migraine symptoms were trig-
gered by positions of the neck and arms that caused tho-
racic outlet neurovascular compression. The migraine
was preceded by paresthesias in the hands and pain in
the arms that were greater on the left than the right. On
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Figur-e 7.
Coronal abdluction and external rotation of the upper extrem-
ities demonstrate the aberrant subclavian artery and the left
clavicle and subclavius muscle compressing the neurovascular
bundle on the left. (A=aorta; ABSA=aberrant subclaviian
artery; C=clavicle; CP=coracoid process; D=-deltoid muscle;
H=humerus; LL=left lung; LT=long thoracic nerve; MS--middle
scalene muscle; RL=right lung; SG--stellate ganglion; SK=skin;
SM=subclavius muscle; SPC=spinal cord; STM=-stemnocleido-
mastoid muscle; 5=fifth cervical vertebra; 6=sixt cervical ver-
tebra; 7=seventh cervical vertebra; 1 T=first thoracic vertebra;
C5-C6=junction of fifth and sixth cervical nerve roots;
C6=sixth cervical nerve root; C7=seventh cervical nerve root;
P=pulmonary artery; SA=subclavian artery; SN=suprascapu-
lar nerve; SR=second rib; W=saline water bag; X=site of
fibrosis and scarring of the neurovascular bundle with inter-
mediate gray signal intensifies.)

physical examination, provocative maneuvers including
abduction and external rotation of the upper extremities
triggered a migraine attack.

The chest radiograph demonstrated bilateral cervical
ribs (Figure 1). The MRI and MRA studies demonstrat-
ed abnormalities of the thoracic outlet. These included
bilateral cervical ribs and compression of the neurovas-
cular structures, especially on the left, by the large cervi-
cal and first ribs as well as the middle scalene muscle.
T'he MRI and MRA studies also displayed the presence
and course of an aberrant right subclavian artery. The
abeffant subclavian artery effaced the esophagus and
splayed apart the recurrent laryngeal and vagus nerves in
the retroesophageal space. It effaced the stelate ganglia
and was compressed within the scalene triangle (Figures

Figure 8.
Coronal reconstruction 2D TOF MRA demonstrates proximal
dilatation of the left axillosubclavian vein, partial compres-
sion of the right axillosubclavian vein, collateral flow on the
left side, and the aberrant subclavian artery as it narrows
within the right scalene triangle. (A=aorta; ABSA=aberrant
subclavian artery; AX=axillosubclavian artery; AXV=axillo-
subclavian vein; BRV=brachiocephalic vein; CC=common
carotid artery; J=internal jugular vein; SA=subclavian
artery; SV=subclavian vein; TCV=transverse cervical vein;
VA=vertebral artery; XJ=external jugular vein; X=site of com-
pression of aberrant subclavian artery; CV=cephalic vein;
W=saline water bag.)

3-6). The pressure on the recurrent laryngeal nerve and
esophagus with the impingement in the retroesophageal
space most likely accounted for the patient's reports of
episodes of hoarseness and dysphagia.

The coronal abduction-external rotation sequence
triggered upper bilateral extremity pain and paresthe-
sias that were greater on the left than the right. A
migraine followed the upper extremity symptoms while
the patient was still in the gantry and worsened after she
exited the imaging unit. Abduction-external rotation
MRI demonstrated compression of the neurovascular
bundle bilaterally at the time of the triggered symptoms
(Figure 7). The captured images provided the clinician
with a record of the anatomic dysfunction that correlat-
ed with the patient's presenting symptoms.

Surgical decompression confirned the neurovascular
anomalies displayed on the MRI and MRA. Prior to
surgery, the patient underwent scalene block, which was
positive and consistent with thoracic outlet syndrome.
However, in subsequent patients to be reported, MRI
and MRA of the brachial plexus were used as the sole
anatomic correlation to determine surgical decompres-
sion, in the absence of electrophysiologic studies such as
evoked potentials, electromyography, nerve conduction,
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or other invasive studies such as scalene block.
The relationship of migraine to neurovascular com-

pression associated with structural abnormalities of the
thoracic outlet was documented by MRI techniques. This
was achieved by the radiologist monitoring the entire
bilateral MRI and MRA of the brachial plexus.
Functional anatomic imaging also was possible by
abduction and external rotation of the upper extremities
in the MRI gantry, which duplicated the same symptoms
that occurred in the physician's office. Abduction-exter-
nal rotation of the upper extremities caused the clavicles
and subclavius muscles to rotate posteroinferiorly and
compress the subclavian vein and the soft tissues anteri-
or to the scalene triangles (Figure 7). This pressure was
transmitted to the scalene triangle, triggering the patient's
symptoms (costoclavicular compression).'2 Abduction-
external rotation of the upper extremities increases
intrathoracic pressure, causes venous obstruction, and
increases interscalene triangle compression, which trig-
ger paresthesias, pain, and migraine.12'13

Intracranial and extracerebral blood flow changes
are postulated to contribute to migraine pain.'5'16
Compression of the blood vessels in the thoracic outlet
not only produces local blood flow changes,'7"8 but also
may contribute to impairment of cerebral vascular reac-
tivity and blood flow, with resultant migraine pain and
symptoms. Additionally, autonomic changes also may
contribute to the vascular changes that accompany
migraine. Thoracic outlet patients often present clini-
cally with autonomic changes, especially changes in
sympathetic tone, in the extremities, and MRI demon-
strates compression of the brachial plexus.'8 In the
patient described here, in addition to neurovascular
compression, the stellate ganglia were compromised
and the sympathetic nerves displaced. Stellate ganglion
blockade has been postulated to be associated with
blood flow changes and precipitating migraine pain and
symptoms in certain patients.'9'20

Thus, abnormalities in sympathetic tone may have
contributed to changes in blood vessel reactivity and to
blood flow changes that induced migraine pain. Surgical
first rib resection and scalenectomy to decompress the
neurovascular structures resolved the autonomic symp-
toms and brachial plexus complaints. In this patient, the
surgical procedure also resolved the intractable migraine
symptoms and resulted in less frequent attacks and better
response to migraine medications.

Definitive conclusions about the pathogenesis of
migraine cannot be made from this clinical and MRI
study. It is likely that both vascular and neurogenic
mechanisms are involved in the complex disorder that is

migraine. Since the first presentation of this study in
1997, we have evaluated more than 50 patients with
intractable headache; patients' symptoms were directly
related to neurovascular and autonomic abnormalities
of the thoracic outlet. In these patients, who were sub-
jects of a subsequent study, maneuvers that produce
neurovascular compromise triggered their migraine
complaints.21 In these patients, bilateral abduction
external rotation MRI sequence demonstrated changes
consistent with increased intraabdominal and intracere-
bral pressures as well as increased intrathoracic pres-
sure. Impaired venous flow was demonstrated as
increased signal intensities within the internal jugular,
subclavian, brachiocephalic, and innominate veins, at
the same time that the patients complained of triggered
migraine symptoms while in the MRI gantrly.2'22
Venous obstruction and impaired venous drainage of
the head and neck contributed to migraine symptoms in
these patients.

Knowledge of anatomy is important in understanding
and interpreting MRI and MRA studies in patients.23 An
important anatomic finding in this patient was the course
of the aberrant right subclavian artery from its origin
from the descending aorta to its retroesophageal position,
with splaying apart of the vagus and recurrent laryngeal
nerves and effacement of the stellate ganglia not previ-
ously reported.

CONCLUSION
Neurovascular compression in a migraine patient

with thoracic outlet abnormalities triggered migraine
attacks. Surgical decompression resulted in resolution
of the intractable migraine. High-resolution multiplanar
bilateral MRI and MRA of the brachial plexus provided
definitive diagnostic anatomic modalities in surgical
management of a TOS patient with migraine.21 The use-
fulness of bilateral MRI and MRA in delineating com-
pression abnormalities of the brachial plexus and in sur-
gical management of this patient was evident (even in
the absence of conventional electrophysiologic studies
and invasive studies such as scalene block). Magnetic
resonance imaging displayed the anatomic finding not
previously reported of an aberrant right subclavian
artery splaying apart the vagus and recurrent laryngeal
nerves in the retroesophageal space and effacement of
the stellate ganglia.
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