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PURPOSE: To establish the safety, efficacy, and value of preoperative angiography in the surgical
management of thoracic and lumbar spine disease, in which it is important to avoid injury to the
artery of Adamkiewicz or other vessels that supply the spinal cord. METHODS: Sixty-one patients
were evaluated primarily using digital subtraction angiography, low-osmolar or nonionic contrast
agents, selective catheterization limited to the region of disease, and careful angiographic tech-
niques. RESULTS: Two minor (small hematomas of the groin) and no major complications of
angiography were encountered. Arterial supply to the spinal cord was identified in 22 patients. In
17 patients (77%), the arterial supply was in the region of planned surgery. In each of these
patients the surgical approach was altered, either by dictating the use of a posterior surgical
approach (four patients) or by altering the side of the lateral extracavitary approach (13 patients).
CONCLUSION: Spinal angiography is a safe preoperative examination for thoracic and lumbar
spine surgery. It is specifically useful when the lateral extracavitary surgical approach to spinal
cord decompression and fusion (which predictably interrupts the terminal end-arterial blood supply
to the spinal cord, if present) is planned.
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The lateral extracavitary surgical approach to
the thoracic and lumbar spine was described by
Capener in 1954 (1) and reintroduced by Larson
et al in 1976 (2), with further refinements subse-
quently described (3). This surgical technique
involves an approach to the spine that allows
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ventral decompression of the spinal cord, while
simultaneously enabling the placement of dorsal
instrumentation constructs through the same in-
cision (2, 3).

During the lateral extracavitary and other ven-
tral surgical approaches to the spine, segmental
aortic branches can be unavoidably damaged or
sacrificed. This may result in the interruption of
blood flow in the terminal radicular branches at
the level of the neuroforamina (Fig 1), beyond
which collateral arterial connections are sparse.
More proximally, however, collateral channels
exist (Fig 2). Thus, if anterior or anterolateral
surgical approaches are used, a lesser chance of
inducing terminal vascular insufficiency exists.

The lateral extracavitary surgical approach to
the spine, however, places the spinal cord at
ischemic risk, because of terminal radicular ar-
terial interruption. This can be minimized by an
appropriately conceived operation. Spinal angiog-
raphy can assist in this process. In order to
demonstrate the utility and safety of spinal an-
giography as a preoperative diagnostic test, an
experience with 61 patients is reported.
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Fig. 1. Lateral view of the lateral extra-
cavitary approach to the decompression of
a thoracolumbar spine fracture. The pedicle
of the involved spinal segment has been
surgically removed. Note that a trough has
been created in the vertebral body of the
involved segment, undermining the offend-
ing fragment that is impinging on the dural
sac. This fragment will subsequently be re-
moved, thus relieving the dural sac compres-
sion. Of note is the appearance of the seg-
mental arteries entering the spinal canal im-
mediately above and below the involved
segment. Their interruption may result in an
ischemic injury to the spinal cord. I indicates
transection of the terminal branch

Materials and Methods

Sixty-one patients underwent spinal angiography as part
of their radiologic evaluation before decompression and
fusion using the lateral extracavitary approach for thoracic
and lumbar spine disease. These patients were evaluated
and treated at Louisiana State University Medical Center-
Shreveport between November 1981 and June 1989 and
the University of New Mexico Hospital, Albuquerque, be-
tween July 1989 and November 1990. There were 43 men
and 18 women. Ages ranged from 14 to 61 years with a
mean of 31 years. The majority of cases (57 of 61) were
fractures and/or subluxations secondary to trauma. The
mechanisms of trauma were motor vehicle accidents (44
patients), motorcycle accidents (four patients), and falls
(nine patients). Two patients had preoperative evaluations
for herniated thoracic disks. One patient had a pathologic
fracture due to a vertebral metastasis, and one patient had
thoracolumbar scoliosis requiring surgical reconstruction.
All patients were neurologically incomplete (some pre-
served sensory or motor function).

The greatest number of cases involved the region of the
thoracolumbar junction with 18 cases involving thoracic
verterbra 12 (T-12) and 21 cases involving lumbar vertebra
1 (L-1). The following levels were also involved: T-8 (10
patients); T-11 (seven patients); T-10 (six patients), L-2 (six
patients); T-9 (5 patients); T-6 and T-7 (3 patients each);
and T-3, T-4, T-5, L-3, and L-4 (one patient each). The
total number of levels exceeds 61, because of multiple
spinal levels of involvement in several patients. Neurologic
deficits ranged from radicular pain and paresthesia to high-
grade sensorimotor deficits secondary to dural-sac
compression. In all patients arteriograms were performed
preoperatively.

The angiographic technique used in this series was a
modification of the technique described by Djindjian (4).

The intercostal or lumbar arteries were selectively cathe-
terized bilaterally at the level of the injured vertebra as well
as two levels above and two levels below the injury. An
extensive search for the artery of Adamkiewicz outside
these boundaries was not performed, because only the
vascular supply to the spinal cord in the area of intended
surgery was of interest. This limited study was, therefore,
used to minimize the invasive nature of the procedure. All
studies were performed under local anesthesia. Selective
5-F angiographic catheters, including cobra, simmons, and
shepards hook (Meditech, Watertown, Mass), were used
for the procedures. Early in the study, ionic contrast ma-
terial was used. However, as low-osmolar (ioxaglate; Mal-
linckrodt, St Louis, Mo) and nonionic (iopamidol; Bristol
Myers-Squibb, Princeton, NJ; and iohexol; Winthrop Phar-
maceuticals, New York, NY) contrast agents became avail-
able, only these were used. Before the development of
digital subtraction angiography, cut film and manual sub-
traction images were obtained. Subsequently, all cases
were performed using the digital subtraction angiography
technique (512 matrix at Louisiana State University Medical
Center-Shreveport and 1024 matrix at University of New
Mexico-Albuquerque). The maximum volume of contrast
material used was 4 to 6 cc per injection for cut film and
2 to 3 cc per injection for digital subtraction angiography
images. Immediately after the contrast injection, the cath-
eter was removed from the artery. The duration of the
study varied considerably depending on the patient’s age
and degree of atherosclerotic disease. Patients were moni-
tored during the procedure for neurologic, vital sign, or
oxygen saturation changes. Evoked-potential monitoring
was not used because it could not add to the diagnostic
accuracy or safety beyond that achieved by serial neuro-
logic examination of lower extremity function. The latter
included both extensive motor (if present) and sensory
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Fig. 2. I indicates the level of potential surgical interruption of
the artery; A, anterior approach; B, lateral extracavitary approach;
and 2, collateral communication.

testing before the angiographic procedure and frequently
during the procedure, particularly after each injection of
contrast.

Results

The radicular artery of Adamkiewicz with its
characteristic hairpin appearance (Fig 3) was lo-
cated in 20 cases (33%). In eight patients the
artery was fed from the right and in 12 from the
left. The location of the radicular artery was at
the following vertebral levels: T-11 (five patients);
T-10 and L-1 (three patients each); T-9, T-12,
and L-2 (two patients each); T-6 (one patient);
and T9-10 common origin (one patient). In two
additional patients the anterior spinal artery was
seen through small collateral-radicular arteries,
without identification of the artery of Adamkiew-
icz. This supply was demonstrated at two levels,
T-7 and L-1. Spinal cord supply was, therefore,
demonstrated in 22 (20 + 2) patients (36%). Of
these, 17 (77.3%) were in the immediate area of
intended surgery. The surgical procedure was,
thus, tailored in each of these cases either by
using a posterior (rather than the lateral extracav-
itary) approach (four patients) or by performing
the procedure on the side opposite the radicular
artery (13 patients). When a posterior approach
was used, retropulsed ventral bone and disk frag-
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ments were surgically reduced via a costotrans-
versectomy approach, followed by posterior fu-
sion and instrumentation placement.

Angiographic complications consisted of two
small arterial puncture site hematomas. No neu-
rologic complications were encountered.

Discussion

Spinal angiography is not a commonly per-
formed radiologic procedure, although its use in
the workup of spinal arteriovenous malformations
(5-10) and tumors (11-14) has been well docu-
mented. Less common indications include pre-
operative evaluation for scoliosis surgery (15) and
for resection of thoracic-aortic aneurysm (16).
From 1949 to 1967, 84 cases of spinal cord
complications related to angiography were re-

Fig. 3. A magnified digital subtraction angiography image
demonstrating the hairpin appearance of the artery of Adamkiew-
icz (A). This hand injection was made, using ioxaglate at 1 cc/
second for 3 seconds with a film rate of four frames per second,
on the left side at T-10 (B) with filling of both T-9 (C) and T-10
(D) intercostal arteries from this common trunk.
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ported (17, 18). Acetriozoate, used in 43 of those
cases reported by Killen and Foster (19) and
DiChiro (20), is no longer available. Transverse
myelitis after selective bronchial arteriography
has been reported, but its incidence is not known
(18). Kardjiev et al (21) reported neurologic com-
plications in five of 28 patients undergoing selec-
tive injection of the right fifth intercostal artery
during angiography for lung disease. After modi-
fying their technique by decreasing the amount
of contrast and pressure used during injection
into intercostal and bronchial arteries, there were
no complications in their next 60 patients. Forbes
et al (17) reported a prospective study that eval-
uated the complication rate related to spinal an-
giography during radiologic workup of arteriove-
nous malformations and tumors. They concluded
that the frequency of neurologic (2.2%), local
(8.2%), and systemic nonneurologic (3.7%) com-
plications suggested that spinal angiography was
not as hazardous a procedure as previously
reported, particularly if performed with the
above-mentioned concerns in mind.

Spinal arteriography occasionally has been per-
formed in patients with thoracic and lumbar
spinal trauma, but, to our knowledge, outcome
data are scant (2, 3). Gargour et al used this
technique to evaluate possible spinal artery injury
in a patient with incomplete paraplegia 17 days
after a decompression laminectomy for a fracture
dislocation of L-1 (22). Bussat et al and Gage et
al reported the importance of the preoperative
location of the artery of Adamkiewicz for the
decompression and intervertebral spondylodesis
of thoracolumbar vertebral fractures by the an-
terolateral approach (23, 24). The implications of
the presence of the artery of Adamkiewicz, re-
garding the lateral extracavitary approach, were
subsequently reported by Larson et al (2). Djind-
jian (4), however, was the first to suggest that
obstruction of the artery of Adamkiewicz could
result in a serious ischemic insult to the thora-
columbar spinal cord.

When an approach other than the lateral extra-
cavitary surgical approach to the spine is used,
the chance of interrupting the terminal end-arte-
rial feeders to the spinal cord is nil. The need for
spinal angiography in this patient population is,
thus, similarly nil. On the other hand, when the
lateral extracavitary surgical approach to the
spine is used, terminal end-arterial feeders are
obligatorily interrupted if present at the level and
side of the surgical decompression. In these cases,
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spinal angiography may, indeed, predict the po-
tential for catastrophe.

Although the incidence of neurologically sig-
nificant vascular injuries related to surgical inter-
ruption of the artery of Adamkiewicz is not
known, the avoidance of the artery appears pru-
dent. The posterior surgical approach avoids in-
jury to radicular vessels, because of their location
within the nerve-root sleeve and dural sac in the
region exposed by the operation. Because either
the right or left side may be approached via the
lateral extracavitary technique in cases with rel-
atively symmetrical disease, the side opposite the
initially planned side of surgery may be safely
approached if supply to the cord is identified by
preoperative angiography. The use of selective
catheters, digital subtraction angiography, and
low-osmolality contrast agents, as shown by
Kardjiev, Forbes, and this series, has decreased
the morbidity initially associated with this proce-
dure. Consequently, spinal angiography, limited
to the region of planned surgery, has been incor-
porated into the routine radiologic-diagnostic
evaluation at our institutions when a lateral extra-
cavitary surgical approach is planned in order to
prevent possible ischemic injury to an already
damaged spinal cord.
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