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Is a Right Pedicle Screw Always Away From the

Aorta in Scoliosis?

Katsushi Takeshita, MD,* Toru Maruyama, MD,t Shurei Sugita, MD,* Yasushi Oshima, MD,* Jiro Morii, MD,*
Hirotaka Chikuda, MD,* Takashi Ono, MD,* and Kozo Nakamura, MD*

Study Design. Retrospective analysis.
Objective. We evaluated the aorta safety in placement of a right
pedicle screw in scoliotic patients.

Summary of Background Data. Past reports emphasized the
aorta risk in placing pedicle screws on the concave left side in right
thoracic scoliosis. However, risk on the right side has drawn limited
interest.

Methods. Thirty-four scoliotic patients with an average age of
18.0 years were evaluated. The Cobb angle averaged 59.0° = 14.0°.
From computed tomographic data, we evaluated the aorta location
relative to the spine at each level from T4 to L4 and simulated
placement of a right pedicle screw with a direction different from the
ideal trajectory. Sensitivity analysis was performed independently by
variable direction errors and screw length: the maximum error of
trajectory was set to 5° in the medial direction and to 5°, 10°, or
20° in the lateral direction, and a screw length was set at 40, 45 or
50 mm. We defined “aorta-at-risk” when a patient has some level
where a simulated pedicle screw involves the aorta, and compared
the curve characteristics (the apical vertebral translation, the Cobb
angle and the Nash-Moe grade) between the aorta-at-risk cases and
the aorta-no-risk cases.

Results. In left thoracic or lumbar curves, the aorta often resided
in front of right pedicles at the periapical level. In a scenario of a
simulated pedicle screw with a maximum error of 20° in the lateral
direction and a screw length of 50 mr, the aorta was at risk in 7
(33%) of 21 left lumbar curves. Curve characteristics of the aorta-at-
risk cases at L1 were a larger apical vertebral translation (P = 0.003),
a larger Cobb angle (P = 0.006), and a larger Nash-Moe grade (P =
0.017) compared with those of the aorta-no-risk cases.
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Conclusien. Surgeons need to pay attention to the position of the
aorta in placing a pedicle screw on the right at the periapical level
of a left curve either in thoracic or lumbar spine.

Key words: scoliosis, aorta, pedicle, screw. Spine 2011;36:
E1519-E1524

ne of the disadvantages of a pedicle screw is the pos-
ibility of aorta involvement. The aorta is located on
he left side of the thoracic spine and stays in front
of the lumbar spine in normal subjects,' and past reports
emphasized the aorta risk in placing a screw on the concave
side, which is usually left in right thoracic scoliosis.”® On the
contrary, risk on the right side in scoliosis has drawn limited
interest. The purpose of this study was to evaluate the safety
of the aorta in placement of a right pedicle screw in scoliosis

surgery.
MATERIALS AND METHODS

A total of 34 patients with scoliosis were evaluated after ex-
cluding congenital scoliosis and soft-tissue related disease
such as Magfan syndrome. The average age at a computed to-
mographic examination was 18.0 years {range = 10--30), and
there were 4 males and 30 females. Scoliosis was idiopathic
in 30 patients, Chiari-syrinx in 2, multiple epiphyseal dyspla-
sia in 1, and Noonan syndrome in 1. There were 29 thoracic
curves and 24 lumbar curves, and the Cobb angle averaged
59.0° £ 14.0° (28° to 100° Table 1).

Computed tomography (CT) was taken for surgical plan-
ning with a thickness of 1.25 mm, and data were transferred
to a personal computer for analysis (ExaView LITE: Ziosoft,
Tokyo, Japan). In the thoracic spine, we selected the middle of
the base of the right superior facet where a pedicle screw is placed
as the point of origin of the coordinate system (Figure 1A). A
line connecting both of the middle points of bases of the supe-
rior facets was defined as the X-axis. In the lumbar spine, we
drew a line between both the medial edges of superior facets as
the X-axis (Figure 1B). The Y-axis was drawn perpendicular to
the X-axis starting from the dorsal edge of the right superior
facet. In thoracic and lumbar spine, the angle formed by the
Y-axis and a line connecting the origin and the center of the
aorta was defined as the right pedicle-aorta angle, and length
of a line connecting the origin and the edge of the aorta as the
right pedicle-aorta distance. From the repeatability test in our
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53 T9 n.d. n.d. n.d.

8 idio 17

F R
11 idio 19 F R 63 T10 n.d. n.d. n.d.
12 idio 19 F R 83 T9 n.d. n.d. n.d.
13 idio 20 F R 51 17 L 28 L1/2
14 idio 16 F n.d. n.d. n.d. R 50 L1
15 idio 19 F R 57 T8 L 49 L2
19 idio 29 F n.d. n.d. n.d. L 71 L1
21 idio 12 F R 87 T9/T10 n.d. n.d. nd.
23 idio 17 F R 57 T8 L 62 L2
24 Chiari 15 F R 62 T4/T5 L 88 L1/2
26 idio 16 F R 54 T7/T8 L 54 L2
27 idio 16 F R 52 T8/T9 L 42 L2
28 idio 20 F R 54 T7 L 37 L2
29 idio 18 M R 50 T8/T9 L 31 L2
30 idio 18 F R 58 T9 n.d. n.d. n.d.
32 idio 13 F R 58 T8/T9 L 40 L2
33 idio 11 F L 79 T5 R 100 L1
34 Chiari 12 M R 52 T8/T9 L 65 14
35 idio 29 F R 54 T8 L 67 L2
37 idio 15 F R 68 19 n.d. n.d. n.d.
39 idio 19 F R 57 T10 n.d. n.d. n.d.
40 icio 23 F R 63 T9/T10 n.d. n.d. n.d.
41 idio 10 F R 61 T10 L 35 L3
44 Noonan 23 F R 78 T9 n.d. n.dl. n.d.
46 idio 13 M R 83 T9/T10 L 63 L2/3
48 MED 16 M R 62 T9 L 42 £2/3
49 idio 21 F n.d. n.d. n.d. L 56 L1
50 idio 19 F L 63 75 R 64 T12
51 idio 17 F R 66 T7 L 67 L1
53 idio 30 F n.d. n.d. n.d. L 55 L2
54 idio 13 F R 57 T8 L 55 L2
56 idio 29 F R 50 T7 L 55 L3
57 idio 16 F R 58 T9 n.d. n.d. n.d.
58 idio 13 F n.d. n.d. n.d. L 60 L3
Dx indicates diagnosis of scoliosis; idio, idiopathic: L side. convex side of a lumbar curve; L Cobb, Cobb angle of a lumbar curve; L Apx, apex level of a lumbar
;;QI/PO f/»;l:;IhD;) ;:éﬁ?’@ffr fgiphysea/ dysplasia; n.d.. not deformed: T side, convex side of a thoracic curve; T Cobb, Cobb angle of a thoracic curve; T Apx, apex

previous study,’ interclass correlation coefficients were 0.922 We evaluated the location of the aorta relative to the spine
to 0.957 in the intraobserver measurement and 0.896 t0 0.929  at each level from T4 to L4 and simulated placement of a
(0.864-0.961) in the interobserver measurement. right pedicle screw with a direction different from the ideal
E1520  www.spinejournal.com November 2011
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()

aorta

0: RtP-Ao angle

aorta

\
RiP-Ao dismnce\\
)
0: RtP-Ao angle 9

Figure 1. Measurement of two aorta parameters: right pedicle-aorta
distance (Rt P-Ao distance) and right pedicle-aorta angle (Rt P-Ao an-
gle). A, Schematic drawing in a thoracic curve, The origin was set at the
middle point of the base of a right superior facet, and the X-axis was
determined by connecting the middle point of the base of a left supe-
rior facet and the origin. B, Schematic drawing in a lumbar curve. The
X-axis was determined first by connecting both the medial edges of the
superior facets; the Y-axis was drawn perpendicular to the X-axis from
the dorsal edge of a left superior facet, and the origin was determined.

Rt

trajectory. Sensitivity analysis was performed by variable di-
rection errors and a screw length independently. We defined
“aorta-at-risk” when a patient has some level where the simu-
lated pedicle screw involves the aorta. As preliminary analysis
had shown that the aorta-at-risk level was observed mostly in
the lumbar spine, the maximum error of trajectory was set to
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Figure 2. Distribution of right pedicle-aorta angles at 385-spine level.
Bar is shaded if a right pedicle-aorta angle was below 5°. A, Histogram
at T4 to T7. Upper: right curves, lower: left curves. B, Histogram at T8
to T11. Upper: right curves, lower: left curves. C, Histogram at T12 to
L4. Upper: right curves, lower: left curves.

www.spinejournal.com  E1521

Copyright © 2011 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

-85 -



@lel DrrORMITY

Is a Right Pedicle Screw Always Away From the Aorta in Scoliosis ¢ Takeshita et al

Right pedicle-aorta distance

5% in the medial direction and to 5°, 10°, or 20° in the lateral
direction, and the length of the screw was set at 40, 45 or
50 mm. We compared the curves between the aorta-at-risk
cases and the aorta-no-risk cases. Analyzed curve character-
istics were the apical vertebral translation (AVT), the Cobb
angle and the Nash-Moe grade.

o 0T .
® o]
L A
° 5 Fooo o Ao
ao 8
w 00
o]
Total | 147 | 21 |21 |21 120 13
30 -
5 40 Y% 0 0 0 0 0
OlLeft
No | 0o | o ojlo]o L el oure
5 45 Yo 0 0 141 5 0 0 ARight curve
No | o jofs3j1]ofo 0
5 50 | % | o |5 |24f20]10]0 o e
No 0 1 5 210 30 20 -0 0 10 20 3 40 50 60
i icle-: {d es)
10 40 % 0 0 0 0 0 Right pedicle-aorta angle egrees;
Figure 3. Scatter graph of the aorta location at 1st lumbar level. A circle
No 0 0 0 0419 denotes a case with a left lumbar curve and a triangle denotes a case
10 45 % 0 o l14110l01o0 with a right lumbar curve.
No 0 0 3 2 010
10 50 Yo 0 5 129133110} 0 RESULTS . .
A total of 385 spines were evaluated to locate the aorta posi-
No 0 16 240 tion relative to the spine. The aorta often resided in front of
20 40 %, 0 5 15 ol o a right pedicle at periapical level in left curves (Figure 2). The
No o : ] o | o number of levels where the right pedicle-aorta angle was be-
low 5° was 1 of 2 left thoracic carves and 7 (33%) of 21 left
20 45 % 0 5 1911010160 lumbar curves (Table 2). On the contrary, there was no level
No 0 11 4 ol o where the right pedicle-aorta angle was below 5° in 27 right
thoracic curves and in three right lumbar curves.
0, ’
20 50 % 0 1013313311010 Distribution of the aorta-at-risk cases in nine simulated
No 0 217171210 scenarios indicated that a simulated pedicle screw with a
The maximum error of medial trajectory of a pedicle screw was 5% in all length Of‘ 50 mm th L1 or L2 posed potential risk (24%—44%)
scenarios. irrespective of trajectory errors among patients with left lum-
Angle indlicates the maximum error of lateral trajectory of a pedicle screw; bar curves (Table 3). Curve characteristics of the aorta-at-risk
Length, simulated screw length; No, number of the aorta-at-risk cases. cases at L1 (Figure 3) were a larger AVT (P = 0.003), a larger

Cobb angle (P = 0.006), and larger Nash-Moe grade (P =
0.017) compared with those of the aorta-no-risk cases. AVT,
the Cobb angle and Nash-Moe grade were highly correlated
with each other: correlative coefficient was 0.814 (P = 0.000)
between AVT and the Cobb angle, 0.737 (P = 0.000) between
AVT and Nash-Moe grade, and 0.602 (P = 0.004) between
the Cobb angle and Nash-Moe grade.

Liljengvist® 32 na 110 1 (0.9%) 1/0
Smorgick’ 25 na 112 2 (1.8%) 2/0
Sarlak® 19 35.9 185 7 (3.8%) na*
Total 76 1442 13 (2.5%) 3/0

na indicates not available.

*Reported with convex/concave. One screw of 7 screws was at the convex side.
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(B)

Figure 4. Representative cases in which the aorta resided laterally to
the right of the spine. Dotted line circles the aorta. A, A 1st lumbar
level in a left 88° Jumbar curve. B, A 6th thoracic level in a left 100°
thoracic curve.

DISCUSSION
We investigated lumbar curves in addition to thoracic curves,
and found that the aorta moved to the right side of the

Spine

vertebral body in a left curve, and the safety of the aorta from
a long pedicle screw decreased either in the thoracic spine or
in the lumbar spine. In a case with a large left curve, the aorta
shifted to the right lateral side of the vertebral body, and a
lateral deviation from an ideal trajectory could result in aor-
ta indentation even by a pedicle screw of a moderate length
{Figure 4).

Many spine surgeons prefer to use pedicle screws in thorac-
ic or lumbar spine because of its easiness of placement inside
the bony structure and its sound capability in correction and
stabilization. However, Kakkos and Shepard® reviewed the
delayed aorta injury by pedicle screws in five patients includ-
ing three deformity cases. They stated, “The true incidence of
this complication is probably under-reported” in their conclu-
sion. We found three past studies,*® which analyzed thoracic
curves exclusively by computed-tomography postoperatively
(Table 3), and the aorta involvement in 6 (2.5%) of the 1442
screws is substantial. Though the true risk of aortic abutment
is unknown, a screw will stay just next to the aorta in such
a young generation and it is impractical to monitor such pa-
tients closely for over tens of years. In fact, 6 of 76 patients of
the past three reports had reoperation.

The aorta resides on the left side of the normal thoracic
spine,' and past reports dealt with a thoracic pedicle screw on
the concave side which is usually the left side of the thoracic
curve.2?” In scoliosis, a three-dimensional spinal deformity
changes the spatial relationship between the aorta and the
spine depending on the severity of scoliosis, and the aorta
might resides on the right side of a vertebral body. Only one
past report by Milbrandt and Sucato® discussed the aorta
risk on the right side. They analyzed left thoracic scoliosis
and stated “the aorta was in a high-risk position for a (right)
posterior screw that exit the lateral border of the pedicle or
body in the largest curve of our series.” Our present study
confirmed the aorta risk by a right pedicle screw in left tho-
racic or lumbar scoliosis. We believe a deliberate planning by
multiplanar reconstructed images of multidetector-CT is most
crucial to prevent an annoying situation. Moreover, we prefer
to use a computer-navigation system by preoperative CT for
safe placement of pedicle screws.

Judging from high correlations between curve characteris-
tics and the aorta risk in the present study, surgeons need to
pay attention to the position of the aorta in placing a pedicle
screw on the right in a left curve either in a thoracic or lumbar
spine.
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