Innominate artery pseudoaneurysm from a Salter-Harris
fracture of the sternoclavicular joint
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ABSTRACT

Fractures and dislocations of the sternoclavicular joint (SCJ) are uncommon, accounting for <5% of all shoulder girdle
injuries. They are relatively more common in the pediatric population than in the adult population and can often present
concurrently as a posteriorly displaced medial clavicular dislocation with a fracture through the unfused physis. It is
especially important to recognize this injury, because its management and potential sequelae are very different from
those for fractures of the clavicle shaft. This type of injury frequently requires closed or open operative management
because fracture-dislocation of the SCJ can be associated with potentially serious complications such as pneumothorax,
brachial plexus injury, vagus nerve injury, tracheal injury, and vascular compromise. Few case reports describe fracture-
dislocation of the SCIJ resulting in vascular injuries. We describe the case of a 17-year-old boy who sustained a blunt
hockey injury resulting in a right physeal fracture-dislocation of the SCJ causing an innominate artery pseudoaneurysm.
This was treated with excision of the pseudoaneurysm, bovine pericardial patch angioplasty repair of the innominate
artery, and open reduction and internal fixation of the medial clavicular physeal fracture. (J Vasc Surg Cases Innov Tech
2024;10:101405.)
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Injuries to the sternoclavicular joint (SCJ) are rare
among orthopedic injuries but are most commonly
seen in young adults! They often occur due to high-
energy forces to the shoulder, such as blunt trauma or
sports-related activities. SCJ injuries typically present as
an isolated dislocation of the joint without associated
fracture of the clavicle or manubrium. However, in pa-
tients with an unfused medial clavicle physis, SCJ injuries
can present as a fracture-dislocation through the un-
fused physis,”> with a Salter-Harris type fracture. Posterior
displacement of the clavicle is far less common than
anterior displacement with this injury.® These fractures
as a whole are often difficult to diagnose. They can be
occult on radiography and computed tomography (CT),
because the medial clavicle epiphysis does not usually
begin to ossify until ~16 to 19 years of age.* However,
an accurate diagnosis is crucial because (1) closed reduc-
tions are often insufficient to treat the physeal fracture;
and (2) posterior displacement, when it does occur,
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requires investigation of potential concomitant injuries
to mediastinal structures such as the great vessels,
brachial plexus, and trachea.”

Vascular complications from SCJ injuries are rare but
have been reported.®” The proximity of the great vessels
to a posteriorly displaced clavicle can lead to vascular in-
juries, such as bleeding, aneurysm or pseudoaneurysm
formation, compression, transection, or thrombosis. We
describe a case of an innominate artery pseudoaneur-
ysm with thrombus and distal embolization due to a
posteriorly displaced sternoclavicular Salter-Harris frac-
ture-dislocation. The patient’s parent provided written
informed consent for the report of his case details and
imaging studies.

CASE REPORT

A 17-year-old boy presented to our emergency department
with acute onset left upper extremity weakness and left-sided
facial droop that occurred at hockey practice with no immedi-
ately preceding trauma. Two weeks prior, however, he was
body-checked to the right shoulder during a hockey game.
The findings from a chest radiograph at an urgent care center
were reportedly negative, and he returned to playing hockey af-
ter 2 days with no notable symptoms until the day of presenta-
tion to the emergency department. On examination, his
temperature was 36.7°C, pulse rate, 114 bpm, and blood pressure,
124/64 mm Hg. His neurologic examination was notable for a
mild persistent left facial droop with forehead sparing, and his
strength was 5 of 5 for all four extremities. The laboratory blood
test results demonstrated a white blood cell count of 17,500/p.L;
all other values were within normal limits. CT angiography
demonstrated a 1.8-cm maximum diameter amorphous hyper-
density abutting the anterior aspect of the innominate artery,
suggesting a pseudoaneurysm or contained rupture (Fig 1).
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Fig 1. Computed tomography angiogram showing a 1.8-
cm maximum diameter amorphous hyperdensity abut-
ting the anterior aspect of the innominate artery (yellow
circle), suggesting a pseudoaneurysm of the innominate
artery.

Fig 2. Computed
thrombus (yellow circle) within the right subclavian artery
distal to the pseudoaneurysm.

tomography angiogram showing

Additionally, there was thrombus noted at the bifurcation of the
subclavian artery and right commmon carotid artery (Fig 2). Finally,
there was a Salter-Harris | fracture of the right clavicular head
with 1.5 cm of posterior dislocation and evidence of bone resorp-
tion and healing and surrounding contusion/hematoma (Fig 3).

The patient was taken for multidisciplinary operative repair of
his innominate artery pseudoaneurysm with vascular and
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Fig 3. Computed tomography angiogram showing a
Salter-Harris | fracture of the right clavicular head with
1.5 cm of posterior dislocation and evidence of bone
resorption and healing and surrounding contusion/
hematoma.

cardiac surgery. This was performed via a median sternotomy.
The proximal innominate artery was identified and encircled
with a vessel loop. The dissection was difficult due to both the
extensive inflammation and the distortion of the anatomy
from the posteriorly displaced clavicular head. Considerable
effort was required to anteriorly retract the clavicle off the pseu-
doaneurysm; this maneuver disrupted the hemostasis of the
injury. Manual hemostasis with a finger on the injury was
required to continue careful dissection and, ultimately, control
the right common carotid artery and subclavian artery distal
to the injury. It was not possible to identify and control the verte-
bral artery. The site of injury was focal, measuring 3 mm x 2 mm,
just proximal to the bifurcation on the anterior surface of the
innominate artery. A Fogarty embolectomy catheter was passed
into the subclavian artery without return of thrombus. The radial
pulse was confirmed to be palpable at the right wrist. The
innominate artery wall was resected to healthy tissue and
repaired with a small bovine pericardial patch. Orthopedic sur-
gery was consulted intraoperatively to evaluate the Salter-
Harris fracture-dislocation of the SCJ and opted for delayed sur-
gical management. Three chest tubes were placed, and the ster-
num was closed. The patient was extubated in the operating
room and was neurologically intact with a palpable right radial
pulse. Postoperatively, he recovered well with no complications.
He was instructed to take aspirin 81 mg daily. By postoperative
day 3, the chest tubes were removed, and he was discharged
home. His 1-month CT scan demonstrated an intact repair.
Approximately 6 weeks postoperatively, the patient returned
for definitive surgical management of his Salter-Harris fracture-
dislocation of the SCJ. He underwent open reduction and inter-
nal fixation surgery of the SCJ with orthopedic surgery. The
medial clavicle, which was found to be posteriorly and superiorly
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dislocated, was suture anchored to the articular surface. The
entire SCJ was then reapproximated and reinforced with a
tendon allograft. The patient recovered well and was discharged
on postoperative day 1. After a 6-week period of immobilization,
the patient began a course of physical therapy and ultimately
returned to a normal level of activity, including playing hockey,
by 6 months postoperatively. He will continue taking aspirin
81 mg daily for 1 year, and no further imaging surveillance is
planned.

DISCUSSION

The present case describes an innominate artery injury
associated with a Salter-Harris | fracture-dislocation of
the SCJ joint in a 17-year-old boy. This patient developed
an innominate artery pseudoaneurysm, which was
treated by excision of the pseudoaneurysm, bovine peri-
cardial patch angioplasty repair of the innominate artery,
and open reduction and internal fixation of the medial
physeal fracture and dislocation.

SCJ injuries are rare, comprising <1% of all fractures or
dislocations.>* These injuries are caused by blunt trauma
to the shoulder from motor vehicle accidents, sports ac-
tivities, and falls.*® With ligament disruption, the medial
end of the clavicle can dislocate in the posterior or ante-
rior direction. Posterior dislocations are less common but
are more serious due to potential compression and injury
to mediastinal structures such as the subclavian artery,
innominate artery, internal jugular vein, and trachea.”
Approximately 30% of patients with posterior SCIJ in-
juries could have injuries to these mediastinal struc-
tures.®>'© Patients with posterior SCJ injuries often
present with pain in the affected shoulder, with radiation
to the neck," swelling, paresthesia, neurologic deficits,
and hoarseness or dyspnea if tracheal compression
occurs.”'?

The identification and diagnosis of posterior SCJ injuries
often require a high index of suspicion. The epiphysis at
the medial portion of the clavicle is the last to complete
its ossification, fusing with the shaft of the clavicle at 23
to 25 years.” Consequently, younger patients are, overall,
more susceptible to epiphyseal Salter-Harris | or |l
fracture-dislocations rather than a true dislocation.>" In
fact, the Salter-Harris classification is specifically a
method used to grade fractures in children that involve
the growth plate, with five grades describing the exact
involvement of the physis, metaphysis, and epiphysis.'*
The clinical presentation can often mimic a ligamentous
injury. Identifying the degree of injury on imaging studies
can also be difficult. Epiphyseal fractures can be obscure
on CT scans and radiographs, because the medial clav-
icle epiphysis typically begins to ossify at 16 to 19 years.””
Additionally, the exact degree of displacement of the
medial end of the clavicle in the sagittal plane, relative
to the sternal articulation, is difficult to determine on
standard radiographs because standard views of the
SCJ only demonstrate the frontal plane and do not
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demonstrate an adequate three-dimensional (3D) repre-
sentation. Therefore, 3D reconstruction using CT or mag-
netic resonance imaging of the SCJ could help identify
the true degree of clavicle displacement and assess the
integrity of the great vessels and other mediastinal
structures.*'#"

No consensus has been reached in the literature
regarding the optimal treatment of physeal fracture-
dislocation injuries. The treatment options include both
closed reduction and open reduction with internal fixa-
tion, with closed reduction widely favored if there are
no injuries to mediastinal structures. However, closed
reduction can be an ineffective method to realign the
physis because free fragments might not be adequately
managed.” This is particularly true if definitive treatment
is delayed. Thus, early management to stabilize the SCJ is
recommended, followed by a period of immobilization
in a sling.

Several methods for SCJ reconstruction are described
in the literature, including soft tissue reconstruction
with a tendon graft, plate fixation, and the use of suture
anchors.*® The use of Kirschner wires or Steinman pins
for stabilization is not recommended due to the risk of
migration to vital structures.* Many repair techniques
require anterior to posterior drilling at the clavicle and
manubrium, posing the risk of injury to posterior vascular
structures.!" After achieving reduction, joint immobiliza-
tion should occur with the use of a “figure-of-eight” splint
or a shoulder sling for a length of 4 to 8 weeks, depend-
ing on the method of repair.'®

Surgical treatment is indicated for patients with evi-
dence of vascular injury. Midline sternotomy is the most
common exposure technique reported in the literature,”
although a mini-sternotomy can also provide the needed
exposure.'® Approaches for repair of the innominate ar-
tery described in the literature include primary repair
and bypass grafting.'>?° In the present case, the pseu-
doaneurysm left a sizable defect, which was adequately
treated with a bovine pericardial patch. To the best of
our knowledge, this is the first report describing the use
of a bovine pericardial patch for artery repair in the
case of a SCJ fracture-dislocation. Our reasoning for using
a bovine pericardial patch as opposed to a vein patch
were twofold: (1) the injury was a closed fracture with
no concern for infection; and (2) the patient was nearly
a full-grown adult. Therefore, we had less concern for
future stenosis. Thus, although some evidence has shown
that vein grafts accommodate growth better over time in
young children requiring vascular procedures, no long-
term data are available supporting the superiority of a
vein patch over a bovine pericardial patch in an older

age group.”"

CONCLUSIONS
Fracture-dislocations of the SCIJ are rare among shoul-
der girdle injuries and are often misdiagnosed as
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ligamentous sprains or other relatively minor posteriorly
dislocated SCIJ injuries. They can be associated with
serious complications as a result of mediastinal compres-
sion, including vascular injury. Thus, the index of suspi-
cion should be high when the mechanism of injury is
appropriate. Advanced imaging such as 3D CT or mag-
netic resonance imaging could lead to a more accurate
diagnosis. In the present case, a 17-year-old boy devel-
oped an innominate artery pseudoaneurysm as a result
of a posterior SCJ fracture-dislocation, which was suc-
cessfully repaired using a bovine pericardial patch with
delayed fixation of the displaced SCJ fracture-
dislocation.
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