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Delayed presentation of aortic injury by pedicle
screws: Report of two cases and review of the
literature

Stavros K. Kakkos, MD, MSc, PhD, and Alexander D. Shepard, MD, Detroit, Mich

Objectives: Perforation of the aorta by pedicle screws is a rare but serious complication of spine fixation surgery. This
article reviews the clinical presentation and management of this complication.

Methods: Presented are two cases of thoracic aorta perforation by a pedicle screw and a review of the appropriate literature
performed using a MEDLINE search.

Results: Literature review identified eight additional patients. In most cases, aortic perforation was recognized and
managed within 18 months of the spine surgery. Clinical presentation included acute bleeding, necessitating urgent
exploration in two patients, and pseudoaneurysm formation in five cases, two of which were infected. Depending on the
extent of aortic damage and the presence or absence of infection, management ranged from endovascular grafting, to
screw burring with closure of the perforation site, to aortic reconstruction with a tube graft and complete orthopedic
hardware removal. Outcome was favorable in all patients who were operated on.

Conclusions: The small number of reported cases indicates either the rarity of this complication or unawareness of its
existence. The true incidence of this complication is probably under-reported. Orthopedic and vascular surgeons should
be aware of this potentially fatal problem. Prevention remains the best treatment. Once encountered, a variety of

techniques are available to manage this complication with reasonable outcome. (J Vasc Surg 2008;47:1074-82.)

Tatrogenic injury to the aorta is a rare but well-recognized
complication of a variety of procedures, including spine sur-
gery.! Aortic perforation frequently results in bleeding,
which is usually manifested by rapid hematoma formation
or hemodynamic instability, or both.? Aortic trauma can
also result in pseudoaneurysm formation, which presents in
a more delayed fashion. Scattered reports have been pub-
lished during the last 20 years of aortic pseudoaneurysms
resulting from pedicle screw penetration. We describe two
new cases of pedicle screw perforation of the thoracic aorta
and review the relevant literature in regards to diagnosis
and treatment modalities as well as prevention.

PATIENTS AND METHODS

Patient 1. A 55-year-old man presented to the emer-
gency department with a 2-week history of recurrent upper
back pain and chills. He had a history of thoracic spine
osteomyelitis that had been treated with débridement and
internal fixation at another hospital 11 months before
presentation. His medical history also included hyperten-
sion, bipolar disorder, and appendectomy. Social history
included ongoing tobacco, alcohol, heroin, and cocaine
abuse.

From the Division of Vascular Surgery, Department of Surgery, Henry Ford
Hospital.

Competition of interest: none.

Presented at the Thirty-first Annual Meeting of the Midwestern Vascular
Surgical Society (Rapid Fire Session), Chicago, Ill, Sep 6-8, 2007.

Reprint requests: Alexander D. Shepard, MD, Division of Vascular Surgery,
Department of Surgery, Henry Ford Hospital, 2799 W Grand Blvd,
Detroit, MI 48202 (e-mail: ashepar2@hths.org).

0741-5214,/$34.00

Copyright © 2008 by The Society for Vascular Surgery.

doi:10.1016/j.jvs.2007.11.005

1074

On examination the patient appeared in good general
condition, with a normal temperature, a blood pressure of
150,/90 mm Hg, a pulse of 94 /min, and a respiratory rate of
20/min. He had a well-healed right thoracotomy scar and a
scar in the middle of his upper back without evidence of
infection. Laboratory tests included a normal white cell count
of 6800/uL but an eclevated sedimentation rate of 68
mm/h (normal, <10 mm/h) and C-reactive protein of 6
mg/dL (normal, <0.5 mg/dL). Platelets were 720,000/
L and the creatinine level was 1.4 mg/dL (normal, =1.2
mg/dL). Blood cultures grew methicillin-resistant Szaphy-
lococcus aurens (MRSA).

Thoracic spine radiographs revealed lateral migration
of one of the inferior screws of the right lateral paraspinal
plate and focal paraspinal soft tissue bulges in this region
(Fig 1).

A computed tomography (CT) scan of the chest (Fig 2)
demonstrated a focal contrast collection along the medial
aspect of the distal descending thoracic aorta contiguous
with the aortic lumen that was consistent with a pseudoan-
curysm. The CT showed posterior fusion of T6 through
T10 with posterior rods; T6, T7, and T10 bilateral trans-
pedicular screws; a right paraspinal side-plate also extend-
ing from T6 to T10, with vertebral body screws at those
levels; and a vertebral cage extending from T7 to T10. The
anterior-inferior side-plate screw protruded laterally from
the side-plate 13 mm. There was a 15-mm left lateral
protrusion of the superior-most side-plate screw at T6
projecting to the medial margin of the descending thoracic
aorta. The CT showed significant lucency about the verte-
bral cage prosthesis and substantial soft tissue density about
the vertebral bodies from the levels of T6 to T10. Soft tissue
density also tracked along the left posterior pleural space.
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Fig 1. Patient 1. Chest radiograph demonstrates the lateral mi-
gration of one of the inferior transpedicular screws (Glack arrow) of
the right lateral spinal fixation plate (white arrow) as well as focal
paraspinal soft tissue bulge in this region. Two spinal rods (white
arrowheads) and an intervertebral spinal cage (black arrowhead)
are also shown.

An infectious process was suspected, although there was no
classic radiographic evidence of abscess.

Thoracic aortography (Fig 3) showed a 2.0- X 1.8-cm
pseudoaneurysm with a narrow neck arising from the me-
dial aspect of the descending thoracic aorta at the lower
margin of the cage prosthesis. A screw was also abutting the
medial wall of the proximal descending thoracic aorta
above the cage at the T6 level with apparent full-thickness
wall penetration but no evidence of a pseudoaneurysm.

The patient underwent repair of his descending tho-
racic aorta lacerations and screw-tip burring in the operat-
ing room. After intubation with a double-lumen endotra-
cheal tube, an 18-gauge lumbar drain was inserted to
monitor cerebrospinal fluid (CSF) pressure and maintain a
CSF pressure of =10 mm Hg. The left chest was opened
through a sixth intercostal space incision, the inferior pul-
monary vein and the left femoral artery were cannulated,
and the patient was placed on atriofemoral bypass. Screw-
tip perforation of the thoracic aorta at the T6 level was
found. After proximal and distal aortic clamping, just above
and below the injury site, a transverse aortotomy was per-
formed at the level of screw-tip penetration (Fig 4, A).
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Fogarty balloon occlusion catheters were used to con-
trol four back-bleeding intercostal arteries in the occluded
segment of the aorta. The medial wall of the aorta was
dissected oft the screw and retracted to allow unfettered
access. Approximately 1 cm of the screw tip was burred-off
with a Midas Rex drill (Medtronic, Minneapolis, Minn),
and the aortic defect and aortotomy were closed with
interrupted 3-0 polypropylene sutures (Fig 5). After re-
moval of the clamps and a check for hemostasis, attention
was directed distally to the pseudoancurysm at the T10
level.

After segmental aortic clamping, the aorta was again
partially transected at the level of the pseudoaneurysm to
expose its medial wall defect. A moderate-sized cavity ad-
jacent to the aorta was entered and the hematoma was
evacuated. An inflammatory rind was removed from the
aortic wall, and surrounding necrotic debris was excised
and sent for cultures. A screw pointing toward the aortic
defect was identified and burred down, again using a Midas
Rex drill (Fig 4, B).

A small piece of bovine pericardial patch (Vascu-Guard
Vascular Patch, Synovis Surgical Innovations, St Paul,
Minn) was used to close the 8- to 9-mm circular aortic
defect with a running stitch of 4-0 polypropylene suture,
which was continued anteriorly to close the aortotomy. A
36F chest tube was placed in the left hemithorax and the
chest was closed.

Pseudoaneurysm cultures grew MRSA, and the patient
was maintained on intravenous vancomycin and rifampin
postoperatively for 8 weeks. His postoperative course was
uneventful, and he was discharged home in good condition
on day 20. Fifteen months later he remains well. On
follow-up CT scanning the aorta appears without evidence
of recurrence.

Patient 2. A 51-year-old man with a history of tuber-
culous spondylodiscitis (Pott’s disease) with a prevertebral
abscess underwent a thoracolumbar fusion at T11 to L2
level at another hospital 13 months before presentation.
During an evaluation at our facility for chronic cholecysti-
tis, a CT scan of the abdomen revealed penetration of the
distal thoracic aorta by a pedicle screw as an incidental
finding. His medical history was significant for hyperten-
sion, hepatitis C with cirrhosis, Pott’s disease that was
treated surgically and with four-drug antituberculosis ther-
apy for 6 months, bilateral deep vein thrombosis, and
chronic back pain. His surgical history included a 14 to L5
laminectomy in 1988, T11 to L2 thoracolumbar plating 13
months previously, and cholecystectomy. Social history
included current use of tobacco (<1 pack/d), occasional
alcohol consumption, and past use of heroin.

The result of the physical examination of his vasculature
and neurologic system was unremarkable. The spinal sur-
gery wounds were well healed. Radiographs demonstrated
a compression deformity of L1 and nearly complete disc
destruction at T12 to L1 compatible with the sequelae of
infectious discitis. The left T11 pedicle screw was located in
a left paravertebral position. Computed tomography scan-
ning demonstrated penetration of the posterior wall of the



1076 Kakkos and Shepard

JOURNAL OF VASCULAR SURGERY
May 2008

Fig 2. DPatient 1. A, A computed tomography chest scan shows the side-plate screw (black arrow) protruding laterally
from the side-plate associated with a focal contrast collection along the medial aspect of the distal descending thoracic
aorta compatible with a pseudoaneurysm. B, Left lateral protrusion of the superior-most side-plate screw (white arrow)

projecting to the medial margin of the thoracic aorta.

Fig 3. Patient 1. A, Thoracic aortography shows a 2.0- X 1.8-cm pseudoaneurysm lumen (black arrow) arising from
the medial aspect of the descending thoracic aorta at the level of the inferior screw (white arrow). B, Image shows a
screw abutting the medial wall of the proximal descending thoracic aorta above the cage at the level of T6 with
full-thickness wall penetration and associated small extravasation of contrast (white arrow).

aorta by this screw, without evidence of associated pseudo-
aneurysm or dissection (Fig 6).

Patient underwent aortic repair and screw-tip burring
in the operating room. Multiple attempts at placement of a
spinal drain were unsuccessful because of dense scarring
over the lumbar spine at the site of his previous laminec-
tomy. The surgical exposure was through a left eighth

intercostal space thoracoabdominal incision. After partial
circumferential division of the diaphragm and medial vis-
ceral rotation, the distal descending thoracic aorta and
paravisceral abdominal aorta were exposed.

Aortoaortic bypass was established, and the aorta was
clamped just above and below the involved area and mobi-
lized off the screw tip. Division of one pair of intercostal
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Fig 4. Patient 1. A, Operative photo shows screw-tip perforation of the right (medial) wall of the thoracic aorta at the
T6 level through a transverse aortotomy. Four 3F Fogarty catheters are used to control backbleeding from two pairs of
intercostal arteries in the occluded segment of aorta. B, Operative photo shows pseudoaneurysm cavity at the T-10
level, with the screw pointing towards the aortic defect. Again, 3F Fogarty catheters were used to occlude backbleeding

intercostals.

Fig 5. Patient 1. Intraoperative photo shows the proximal (T-6
level) aortotomy closure with interrupted 3-0 polypropylene su-
ture (white arrow) and the distal (T-10 level) aortotomy patch
closure with a running 4-0 polypropylene suture (black arrow).

arteries allowed retraction of the aorta medially to expose
the perforation site in its posterior wall (Fig 7). The hole
was repaired primarily with a figure-of-eight 3-0 polypro-
pylene suture. A 1-cm length of the offending screw tip was
then burred oft using a Midas Rex drill. The aortic clamps
were removed, and the patient was taken off the bypass. A
36F chest tube was placed in the left hemithorax and chest
was closed.

The patient’s postoperative course was uneventful, and
he was discharged home in good condition on day 6. Six
months later, he remains asymptomatic.

Literature search. A MEDLINE /PUBMED search
was performed in April 2007. The key words aortic psendo-
anenrysm and delayed or internal fixation or aortic screw
were used to identify similar cases in the literature. This was
followed by a manual search of the references of the rele-
vant articles.

RESULTS

The literature review identified eight additional cases of
aortic penetration by a pedicle screw or erosion by associ-
ated orthopedic hardware,>!! with one case being pub-
lished twice.®* Cases of acute aortic injury that occurred
intraoperatively or were recognized =30 days postopera-
tively were not included.'? A case of fatal delayed aortic
rupture after surgical evacuation of a postoperative hemo-
thorax and secondary infection that occurred during reop-
eration intended to remove spinal hardware was excluded
because the authors attributed the aortic rupture to infec-
tion and not direct injury.'® A second fatal case was also
excluded because the aorta was eroded by the synthetic
mesh that was used to cover the orthopedic hardware.**

Table I summarizes the presentations and clinical char-
acteristics of these eight patients plus our two. Most pa-
tients were young or middle-aged (mean age, 47; range,
16-77 years). The thoracic aorta was the site of injury in all
but two patients. An anterior approach for spinal fixation
had been used in six of 10 patients. The indications for
spinal fixation were kyphoscoliosis/scoliosis (n = 5), ver-
tebral fracture (n = 3), and osteomyelitis of the thoracic
spine (n = 2, our cases). Most aortic injuries (8 of 10) were
recognized =18 months (median, 11 months; range, 1
month-20 years) after spine surgery. Clinical presentation
ranged from asymptomatic perforation of the aorta to acute
bleeding in two patients that necessitated urgent explora-
tion. Five patients had an associated pseudoaneurysm, and
in two of these, the aneurysm was infected.

Management of the aortic injuries is detailed in Table
II. One patient refused intervention, and the authors had
no information on his outcome. Endovascular manage-
ment was performed in two cases with a 36-mm Talent
(Medtronic, Minneapolis, Minn) and a 28-mm AneuRx
(Medtronic) stent graft, respectively. The remaining seven
patients had open surgical repair. A left thoracotomy was
used in five patients; the approach used was not stated in
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Fig 6. Patient 2. A, Computed tomography chest scan demonstrates a screw penetrating the posterior wall of the aorta
without evidence of associated pseudoanceurysm or dissection. B, Computed tomography angiography.

two cases. Distal aortic perfusion was used in five of these
seven cases. Cerebrospinal fluid drainage was used in only
one case. None of these nine patients presented with com-
plications of spinal cord ischemia.

The aorta was managed with primary repair in three
patients; the remaining four patients required placement of
a patch or tube graft. Complete removal of all orthopedic
hardware was performed in four patients; screw-tip burring
or total screw removal alone was performed in four addi-
tional patients. New hardware was placed in two of the four
patients whose hardware was removed. The procedural
outcome was favorable in all nine patients, with no deaths
or major complications reported.

DISCUSSION

In the current report, we describe two cases of thoracic
aortic perforation by vertebral pedicle screws and present a
review the literature. Vascular trauma is a rare but well-
recognized complication of spine surgery. Most previous

reports have detailed cases of abdominal vascular injuries
after operations on the lumbar spine.*®>” Little has been
written about vascular injuries after operations on the tho-
racic spine. Such injuries may be immediately apparent or
become manifest in the early postoperative period'”; how-
ever, others may not present for months to years after the
spine operation, as documented in the current study.

Pseudoaneurysms are the most common late manifes-
tation of penetrating aortic injuries.’®'? A surprising find-
ing was that there were only four cases of aortic pseudoan-
eurysms in this series, which may be because the offending
screw was still in place and immobile. In our first patient, the
screw responsible for the distal pseudoaneurysm was obvi-
ously loose as a result of vertebral body infection. Clinical
presentation of aortic pseudoaneurysms varies, including ab-
sence of symptoms,”® abdominal or chest pain,>°2* symp-
toms from compression of surrounding structures,'®2%2*
and finally, acute bleeding.?® Sometimes these pseudoan-
eurysms can be infected,?® as in our first patient.
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Fig 7. Patient 2. Operative photo shows the descending thoracic
aorta retracted medially to expose the screw tip and perforation site
(white arrow) in the posterior aortic wall.

Several CT scanning studies after spinal instrumenta-
tion have demonstrated a significant 4% to 25% incidence of
screw malposition.?” 3! Actual screw penetration of the
aorta is not necessary to cause injury. Mere impingement by
a fixation screw can lead to aortic wall thinning and the
potential for eventual erosion.3? Proximity of the screw tip
to aortic wall has been reported in 2% to 12% of cases.®>3®
Because the natural history of screws abutting the aorta
remains unknown, the clinical significance and proper
treatment of this entity are unclear.

The etiology of screw misplacement and aortic per-
foration has been attributed to an altered spatial relation-
ship of the spine to the aorta in patients undergoing
spinal fixation. In some patients with scoliosis, the spine
deformity moves the descending thoracic aorta from a
relatively anterolateral position to a more posterolateral
position relative to the vertebral column. This change
increases the possibility of the aorta being located in the
direct line of screws passed from the right chest.36*°
Even changes in body orientation result in relative posi-
tion changes in the thoracic aorta, mostly at levels T4 to
T8. The aorta is located posterolaterally to the spine in
the supine position and more anterolaterally in the prone
position.*?

Once present, aortic pseudoaneurysms obviously
should be repaired to prevent rupture,'**! but the treat-
ment of asymptomatic aortic screw-tip penetration without
pseudoaneurysm is empiric. Depending on the extent of
the aortic wall defect, repair options include primary clo-
sure,>'?? patch angioplasty,’®?® placement of a stent
graft,*?> and interposition grafting.'®** All these tech-
niques were used in the cases reported in the current
review. The presence of infection can complicate manage-
ment,2%** necessitating use of a homograft or a biologic
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patch in some cases.** Distal aortic perfusion during aortic
cross-clamping, a technique commonly used in thoracoab-
dominal aortic aneurysm repair*® for the purpose of vital
organ protection, was used in several cases.*® This modality
is probably not necessary for easily accessed, simple primary
repairs.

Stent grafts have been previously used to treat aortic
pseudoaneurysms and trauma with results comparable with
open repair.2%2® In cases of screw-tip penetration, how-
ever, removal of the screw tip is probably necessary to
avoid the risk of tearing the stent graft fabric and recur-
rent bleeding. Simple burring of the screw tip is usually
sufficient enough to prevent recurrence. Full hardware
removal is reserved for infected cases, followed by sec-
ondary fixation if spine instability results. Infected hard-
ware is usually associated with vertebral osteomyelitis
and may require extensive débridement and use of myo-
cutaneous flaps.*” Our first patient refused to allow his
hardware to be removed. Finally, observation for small
pscudoaneurysms when repair might represent a techni-
cal challenge has also been suggested.*®

The outcome in this series was universally successful,
with no deaths or spinal cord ischemic complications;
however, this result should not lead to an underestima-
tion of the magnitude of the problem. The need for
thoracic aortic clamping, with resultant vital organ isch-
emia, and the potential for associated infection increase
the risk for major complications and death with this
entity. We know of at least one unreported fatal case, and
it seems likely that other cases with a poor outcome have
not been reported.

To prevent aortic injury, spine surgeons should be
aware of the anatomic changes that occur with scoliosis and
avoid excessive pedicle screw penetration at any level.*°
Preoperative three-dimensional imaging is helpful in plan-
ning surgery.>® Because of the positional changes of the
aorta, Huitema et al'?® suggested that before anterior tho-
racolumbar spine surgery is performed, the position of the
aorta in the prone and supine positions should be deter-
mined to decide the best operative approach. Modification
of operative technique with appropriate change in the entry
angle of pedicle screws has been suggested.* Controlled
screw insertion with the use of a guiding device,* or under
fluoroscopic,” CT,>**3 or robotic guidance,”**” has also
been used.

In 1986 Dunn®® described six cases of “aortic ero-
sion” associated with the use of anterior spine fusion
devices placed from left-sided approaches. Dunn recom-
mended insertion of these devices from the right side,
but if this was impossible, device fixation as far posterior
on the vertebral body as possible and coverage with a
layer or two of cardiovascular felt to prevent direct
impingement on the aorta. The United States Food and
Drug Administration recently approved the use of a
polytetrafluoroethylene cardiovascular patch (Preclude
Vessel Guard, W. L. Gore & Associates, Inc., Flagstaft,
Ariz) for aortoiliac coverage during re-do anterior verte-
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Table I. Presentation of aortic injury by orthopedic hardware in 10 patients described in this review

First Original surgery Time to
author Year Age Indication Procedure presentation Clinical presentation
Jendrisak* 1986 25 1.2 fracture ASF with Dunn prosthesis, 6 weeks  Rupture of suprarenal aorta at L1 with
Woolsey®* 1986 rib grafting retroperitoneal hematoma?®
Sokolic® 1991 16 Scoliosis Anterior spondylosyndesis 5 months Rupture of descending thoracic aorta at T5
of T5-L1 with hemothorax caused by a loosened
device screw
Matsuzaki® 1993 52 Kyphosis PSF with Cotrel-Dubousset 8 months  Thoracic aorta erosion by a screw,
prosthesis of T6-T9 incidental CT scan finding
Lim!! 1999 50 L1-L2 fracture PSF with Harrington 10 months  Aortic pseudoaneurysm causing lower back
distraction rods of pain and bowel habit change and a tender
TI11-L5 abdominal mass®
Ohnishi” 2001 53 T11 fracture ASF with smooth-rod 20 months Thoracic aorta pseudoaneurysm®
Kaneda prosthesis,
T10-T12 bone grafting
Choi® 2001 50 Kyphoscoliosis PSF with Cotrel-Dubousset 14 months  Aortic pseudoaneurysm at T6, infected with
instrumentation of MRSA caused by a device screw
thoracolumbar spine
Minor® 2004 77 Scoliosis Posterior thoracic spinal 1 month  Aortic erosion by a T5 screw, incidental CT
instrumentation scan finding
Been!? 2006 40 Scoliosis Anterior Zielke procedure 20 years 5 c¢m thoracic aorta pseudoaneurysm caused
by a device screw, CT scan finding
performed for shortness of breath
Current
report
Patient 1 2008 55 Thoracic spine Débridement, ASF for 11 months  Aortic pseudoaneurysm at T6 and T10,
osteomyelitis thoracic spine infected with MRSA
osteomyelitis
Patient 2 2008 51 Tuberculous Posterior T11-L2 13 months  Aortic erosion by a T11 screw, incidental
spondylodiscitis thoracolumbar plating CT scan finding

ASF, Anterior spine fusion; CT, computed tomography; PSF, posterior spine fusion.
*Caused by the orthopedic hardware.
PAttributed to injury from a pedicle screw.

Table II. Management of aortic injury by orthopedic hardware in nine patients described in this review

. Management
Cardiopulmonary
First author Approach Aorta Prosthesis Spine Outcome
Jendrisak,* NS No Primary repair Removal Secondary PSF Good
Woolsey®
Sokolic® Left thoracotomy Partial Primary repair Removal Deferred Good
Matsuzaki® Left thoracotomy Yes Resection and repair with ~ Screw burring  NA Good
a tube graft
Ohnishi” NS NK Resection and repair with  Removal Secondary PSF Good
a tube graft
Choi® Left thoracotomy Partial Resection and repair with ~ Removal® Deferred Good
a tube graft
Minor? Hybrid NA Endovascular repair Screw removal  NK Good
Been!? Left common femoral NA Endovascular repair Leftin place ~ NA Good
artery
Current
report
Patient 1 Left thoracotomy Partial, atriofemoral ~ Primary aortic repair (T6) Screw burring NA Good
and repair with a patch
(T10)
Patient 2 Left thoracotomy Partial, aortoaortic ~ Primary repair Screw burring  NA Good

ASF, Anterior spine fusion; PSF, posterior spine fusion; NA, not applicable; NK, not known; NS, not specified.
*Performed 3 weeks before aortic operation.

bral surgery to reduce the risk of potential vessel damage
during a revision surgery. The use of this patch might
reduce the incidence of aortic injury by orthopedic hard-

warc.

In summary, aortic penetration by orthopedic hardware is
a serious, most likely under-reported complication of instru-
mentation on the spine. Because of treatment implications,

orthopedic and vascular surgeons should be aware of this entity.
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