@ J Effermn* Thomas Jefferson University

Jefferson Digital Commons

Rothman Institute Jefferson Medical College

6-20-2012

Anatomical relationships of the anterior blood
vessels to the lower lumbar intervertebral discs:
analysis based on magnetic resonance imaging of
patients in the prone position.

Alexander R Vaccaro
Rothman Institute, Department of Orthopaedic Surgery, Thomas Jefferson University, AlexanderVaccaro@mail.tju.edu

Christopher K Kepler
Rothman Institute, Department of Orthopaedic Surgery, Thomas Jefferson University, Christopher.Kepler@jefferson.edu

Jeftrey A Rihn
Rothman Institute, Department of Orthopaedic Surgery, Thomas Jefferson University, Jeffrey Rihn@jefferson.edu

Hidekazu Suzuki
Rothman Institute, Department of Orthopaedic Surgery, Thomas Jefferson University

John K Ratliff
Department of Neurosurgery, Thomas Jefferson University

L.etusdnewhew access to this document benefits you
Follow this and additional works at: http://jdcjefferson.edu/rothman_institute

b Part of the Neurology Commons, Orthopedics Commons, and the Radiology Commons

Recommended Citation

Vaccaro, Alexander R; Kepler, Christopher K; Rihn, Jeffrey A; Suzuki, Hidekazu; Ratliff, John K;
Harrop, James S; Morrison, William B; Limthongkul, Worawat; and Albert, Todd J, "Anatomical
relationships of the anterior blood vessels to the lower lumbar intervertebral discs: analysis based on
magnetic resonance imaging of patients in the prone position." (2012). Rothman Institute. Paper 19.
http://jdcjefterson.edu/rothman_institute/19

This Article is brought to you for free and open access by the Jefferson Digital Commons. The Jefferson Digital Commons is a service of Thomas
Jefferson University's Center for Teaching and Learning (CTL). The Commons is a showcase for Jefferson books and journals, peer-reviewed scholarly
publications, unique historical collections from the University archives, and teaching tools. The Jefferson Digital Commons allows researchers and
interested readers anywhere in the world to learn about and keep up to date with Jefferson scholarship. This article has been accepted for inclusion in
Rothman Institute by an authorized administrator of the Jefferson Digital Commons. For more information, please contact:

JeffersonDigital Commons@jefferson.edu.


http://jdc.jefferson.edu?utm_source=jdc.jefferson.edu%2Frothman_institute%2F19&utm_medium=PDF&utm_campaign=PDFCoverPages
http://jdc.jefferson.edu/rothman_institute?utm_source=jdc.jefferson.edu%2Frothman_institute%2F19&utm_medium=PDF&utm_campaign=PDFCoverPages
http://jdc.jefferson.edu/jmc?utm_source=jdc.jefferson.edu%2Frothman_institute%2F19&utm_medium=PDF&utm_campaign=PDFCoverPages
http://jeffline.jefferson.edu/Education/surveys/jdc.cfm
http://jdc.jefferson.edu/rothman_institute?utm_source=jdc.jefferson.edu%2Frothman_institute%2F19&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/692?utm_source=jdc.jefferson.edu%2Frothman_institute%2F19&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/696?utm_source=jdc.jefferson.edu%2Frothman_institute%2F19&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/705?utm_source=jdc.jefferson.edu%2Frothman_institute%2F19&utm_medium=PDF&utm_campaign=PDFCoverPages
http://www.jefferson.edu/university/teaching-learning.html/

Authors
Alexander R Vaccaro, Christopher K Kepler, Jeffrey A Rihn, Hidekazu Suzuki, John K Ratliff, James S Harrop,
William B Morrison, Worawat Limthongkul, and Todd J Albert

This article is available at Jefferson Digital Commons: http://jdcjefferson.edu/rothman_institute/19


http://jdc.jefferson.edu/rothman_institute/19?utm_source=jdc.jefferson.edu%2Frothman_institute%2F19&utm_medium=PDF&utm_campaign=PDFCoverPages

1088

COPYRIGHT © 2012 BY THE JOURNAL OF BONE AND JOINT SURGERY, INCORPORATED

Anatomical Relationships of the Anterior Blood
Vessels to the Lower Lumbar Intervertebral Discs
Analysis Based on Magnetic Resonance Imaging of Patients in the Prone Position

Alexander R. Vaccaro, MD, PhD, Christopher K. Kepler, MD, MBA, Jeffrey A. Rihn, MD, Hidekazu Suzuki, MD, John K. Ratliff, MD,
James S. Harrop, MD, William B. Morrison, MD, Worawat Limthongkul, MD, and Todd J. Albert, MD

Investigation performed at the Departments of Orthopaedic Surgery, Neurosurgery, and Radiology,
Thomas Jefferson University, Philadelphia, Pennsylvania

Background: Intra-abdominal vascular injuries are rare during posterior lumbar spinal surgery, but they can result in
major morbidity or mortality when they do occur. We are aware of no prior studies that have used prone patient positioning
during magnetic resonance imaging for the purpose of characterizing the retroperitoneal iliac vasculature with respect to
the intervertebral disc. The purpose of this study was to define the vascular anatomy adjacent to the lower lumbar spine
with use of supine and prone magnetic resonance imaging.

Methods: A prospective observational study included thirty patients without spinal abnormality who underwent supine
and prone magnetic resonance imaging without abdominal compression. The spinal levels of the aortic bifurcation and
confluence of the common iliac veins were identified. The proximity of the anterior iliac vessels to the anterior and
posterior aspects of the anulus fibrosus in sagittal and coronal planes was measured by two observers, and interobserver
reliability was calculated.

Results: The aortic bifurcation and confluence of the common iliac veins were most commonly at the level of the L4
vertebral body and migrated cranially with prone positioning. The common iliac vessels were closer to the anterior aspect
of the intervertebral disc and to the midline at L4-L5 as compared with L5-S1, consistent with the bifurcation at the L4
vertebral body. Prone positioning resulted in greater distances between the disc and iliac vessels at L4-L5 and L5-S1 by
an average of 3 mm. The position of the anterior aspect of the anulus with respect to each iliac vessel demonstrated
substantial variation between subjects. The intraclass correlation coefficient for measurement of vessel position ex-
ceeded 0.9, demonstrating excellent interobserver reliability.

Conclusions: This study confirmed the L4 level of the aortic bifurcation and iliac vein coalescence but also demonstrated
substantial mobility of the great vessels with positioning. Supine magnetic resonance imaging will underestimate the
proximity of the vessels to the intervertebral disc. Large interindividual variation in the location of vasculature was noted,
emphasizing the importance of careful study of the location of the retroperitoneal vessels on a case-by-case basis.

Clinical Relevance: Anatomic relationships between vessels and intervertebral discs on supine magnetic resonance
imaging may differ from relationships during surgery with the patient in a prone position.

atrogenic vascular injury secondary to lumbar disc surgery | injuries predominantly to the aorta and the inferior vena cava,
I has an estimated incidence ranging from 0.017% t0 0.14%'”. | while procedures in the lower lumbar spine (L4-S1) most com-
Additionally, vascular injury during posterior spinal surgery | monly injure the paired common iliac arteries and veins”®. Other
carries a high morbidity and a 10% to 65% mortality rate’. | reported vascular injuries have included the superior rectal artery

9-11

Procedures at upper lumbar levels (L2-L4) are associated with | and bridging veins’".
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any aspect of this work. One or more of the authors, or his or her institution, has had a financial relationship, in the thirty-six months prior to submission of
this work, with an entity in the biomedical arena that could be perceived to influence or have the potential to influence what is written in this work. Also, one
or more of the authors has had another relationship, or has engaged in another activity, that could be perceived to influence or have the potential to
influence what is written in this work. The complete Disclosures of Potential Conflicts of Interest submitted by authors are always provided with the
online version of the article.
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Risk factors for vascular injury include preexisting defects in
the anterior longitudinal ligament and anterior aspect of the anulus
fibrosus, degenerative disc disease, retroperitoneal inflammatory
processes, vascular disease, aggressive discectomy, and repeat disc-
ectomy**”. Changes in the location of the vessels due to changes
in patient position or intra-abdominal pressure with the patient in
the prone position have also been described™”. Increased intra-
abdominal pressure in the prone position may force retroperitoneal
vessels closer to the anterior aspect of the lumbar discs where they
may be more easily injured. Conceivably, the use of a pressure-free
frame prevents this compression and mobilization of the vessels.
Simultaneously, the dependent position of the abdomen in the
prone position may allow anterior structures to move further away
from the spine. To minimize the risk of a vessel injury, careful
positioning with a suspended abdomen, meticulous surgical tech-
nique, and limited depth of instrument placement are essential.

The anatomical relationship of retroperitoneal vessels to
the intervertebral disc has been reported in numerous stud-
ies®*'°, The precise spatial relationship of the vasculature to the
disc while a patient is in the prone position, however, has not
previously been described, to our knowledge. Therefore, the
purpose of this study was to determine the anatomical rela-
tionships of the anterior vessels to the lumbar intervertebral
discs with use of magnetic resonance imaging (MRI) of the
lumbar spine with the patient in the prone position and to
characterize the location of vessels on MRI scans taken in both
the supine and prone positions for each patient.

Materials and Methods

he institutional review board approved a prospective observational imaging

study of thirty patients who required a lumbar MRI for symptoms referable
to the lumbar spine. Thirty patients, twenty-one women and nine men, with an
average age of forty-one years (range, nineteen to eighty-nine years) were enrolled
in the study and underwent MRI in the supine and prone positions. Patients with
prior abdominal, pelvic, or lumbar surgery or with an abnormal condition of the
lumbar spine were excluded. Lumbar MRI (1.5 Tesla) was performed on all study
patients in both the prone and supine positions. To simulate the intraoperative
prone position, patients were positioned in the MRI scanner on chest and pelvic
rolls, leaving the abdomen free of compression. Axial, coronal, and sagittal T1-
weighted and fat-saturated T2-weighted images were obtained. Axial images were
obtained at the L2-13, L3-14, L4-L5, and L5-S1 disc levels, parallel to the disc
space. The levels of the aortic bifurcation and the confluence of the common iliac
veins were identified. While the patient was positioned in the supine then the
prone position, the proximity of the common iliac arteries and common iliac
veins to the anterior and posterior aspects of the anulus fibrosus and the vessel
dimensions were measured by an attending radiologist and a fellowship-trained
spinal surgeon (Fig. 1) at the L4-L5 and L5-SI levels using measurement tools
embedded in the picture archiving and communication systems (PACS) (Sectra
IDSS5, version 11.1; Sectra Imtec, Linkoping, Sweden).

Average measurements from supine and prone MRIs for the same
patient were compared with use of paired Student t tests when continuous
variables were compared and chi-squared tests when ratios were compared.
To provide insight into interindividual variation in measurements, the range
of measurement values across the study population was compared with
population measurement averages for the distance of the common iliac vessels
from the anterior aspect of the anulus, a measurement thought to best
convey the likelihood of vessel injury due to accidental intraoperative breach
through the anterior aspect of the anulus. Interobserver reliability was as-
sessed by calculating the intraclass correlation coefficient (ICC) for repeated
measurements.

ANATOMICAL RELATIONSHIPS OF THE ANTERIOR BLOOD
VESSELS TO THE LOWER LUMBAR INTERVERTEBRAL DISCS

Fig. 1

Schematic showing the measured parameters. RAA = right side, anterior
aspect of anulus to common iliac artery, RAV = right side, anterior aspect
of anulus to common iliac vein, LMAA = left side, distance from midline

anteriorly to common iliac artery, LMAV = left side, distance from midline
anteriorly to common iliac vein, LPA = left side, posterior aspect of anulus
to common iliac artery, LPV = left side, posterior aspect of anulus to
common iliac vein, d = disc, a = artery, and v = vein.

Source of Funding

This study did not have an external funding source.

Results
Aortic Bifurcation and Iliac Vein Confluence

n the supine position, twenty-two (73%) of thirty aortic bi-

furcations were at L4 as compared with eighteen (60%) of thirty
in the prone position, a statistically nonsignificant difference (p =
0.3). In the supine position, five (17%) of thirty aortic bifurcations
were above L4 whereas eleven (37%) of thirty were above L4 in the
prone position, representing a nonsignificant cranial migration in
the prone position (p = 0.08). In the supine position, the most
common location of the iliac vessel confluence was at L5 (sev-
enteen [57%] of thirty) whereas in the prone position the most
common location of the confluence was at L4 (fifteen [50%)] of
thirty). In the supine position, eighteen (60%) of thirty had the
iliac vein confluence at L5 or below as compared with eight (27%)
of thirty in the prone position, representing a significant cranial
migration in the prone position (p < 0.01). At L3-14, the inferior
vena cava was 1 mm (range, 0 to 5) from the anterior aspect of
the anulus at its closest point, 10 mm (range, 1 to 22) to the right
of the midline of the anterior aspect of the anulus, and 38 mm
(range, 29 to 48) from the midline of the posterior aspect of the
anulus. A comparison between the prone and supine positions
with regard to the level of the aortic bifurcation and the confluence
of the common iliac veins is shown in Table I.

Iliac Vasculature Width

All distances are provided as averages and refer to the prone
position most reflective of positioning for posterior surgery un-
less otherwise indicated. The mean width of the right common
iliac artery at L4-L5 and L5-S1 was 10.1 mm (range, 5 to 15 mm)
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TABLE | Level of Aortic Bifurcation and Confluence of the

Common lliac Veins in Prone and Supine Positions*

Confluence of the

Aortic Bifurcation Common lliac Veins

*The data are expressed as the number of patients, with the
percentage in parentheses.

and 9.2 mm (range, 5 to 21 mm), respectively. The mean width of
the right common iliac vein at 14-L5 and L5-S1 was 12 mm
(range, 6 to 20 mm) and 11.4 mm (range, 5 to 22 mm), re-
spectively. The mean width of the left common iliac artery at
[4-L5 and L5-S1 was 9.5 mm (range, 6 to 15 mm) and 8.6 mm
(range, 4 to 24 mm), respectively. The mean width of the left
common iliac vein at L4-L5 and L5-S1 was 9.8 mm (range, 5 to
16 mm) and 13.5 mm (range, 6 to 21 mm), respectively. There
was no significant difference in artery or vein width with prone
or supine positioning (see Appendix).

Distances from the Anterior Aspect of the Anulus

At 14-L5, the right and left common iliac arteries were an average
of 5.4 mm (range, 0 to 16 mm) and 2.9 mm (range, 0 to 9 mm)
anterior to the anterior aspect of the anulus at their closest point
and measured an average of 8.6 mm (range, 0 to 23 mm) and 11.8

ANATOMICAL RELATIONSHIPS OF THE ANTERIOR BLOOD
VESSELS TO THE LOWER LUMBAR INTERVERTEBRAL DISCS

mm (range, 2 to 23 mm) from the midline of the anterior aspect
of the anulus. The right and left common iliac veins were closer to
the disc, at an average of 0.8 mm (range, 0 to 4 mm) and 0.8 mm
(range, 0 to 4 mm), respectively, from the anterior aspect of the
anulus at its closest point and were 13.9 mm (range, 1 to 28 mm)

Level Prone Supine Prone Supine and 4.8 mm (range, 0 to 17 mm), respectively, from the midline.
In comparing supine and prone positioning, there were no sig-
L3 5 (17%) 3 (10%) (3%) 0 nificant differences in the positions of the iliac vasculature with
L3-L4 6 (20%) 2 (7%) 0 1 (3%) reference to the anterior aspect of the anulus (Table II).
L4 18 (60%) 22 (73%) 15 (50%) 9 (30%) At L5-S1, the right and left common iliac arteries were a
LAL5 1 (3%) 2 (7%) 6 (20%) 2 (7%) mean of 8.6 mm (range, 0 to 23 mm) and 12.6 mm (range, 4 to
L5 0 1(3%) 8 (27%) 17 (57%) 23 mm) gnterior to the anterior aspect of the anulus at their
1551 o o o 1(3%) closest point and averaged 18.6 mm (range, 11 to 28 mm) and

19.1 mm (range, 7 to 28 mm), respectively, from the midline.
The right and left common iliac veins were an average of 3.1 mm
(range, 0 to 9 mm) and 2.5 mm (range, 0 to 9 mm), respectively,
from the anterior aspect of the anulus at the closest point and
averaged 23 mm (15 to 30 mm) and 21.1 mm (10 to 47 mm)
from the midline of the anulus. Both the right iliac artery and
vein were significantly more laterally located in the prone posi-
tion than in the supine position (a mean of 3.4 mm and 3.8 mm,
respectively [p < 0.001]). The left iliac vein was significantly
more anterior (mean, 1.1 mm; p = 0.01) and more lateral (mean,
5.1 mm; p = 0.01) while the left iliac artery moved significantly
more lateral (mean, 2 mm; p = 0.03) (Table II).

Distances from the Posterior Aspect of the Anulus

At 14-15, the right and left common iliac arteries were an average
of 43.3 mm (range, 34 to 57 mm) and 40.6 mm (range, 33 to
49 mm) from the midline of the posterior aspect of the anulus.
The right and left common iliac veins were an average of 38.1 mm
(range, 31 to 49 mm) and 39.9 mm (range, 27 to 50 mm) from
the midline of the posterior aspect of the anulus. When supine
and prone positioning were compared (Table III), the average

TABLE Il Distance from the Anterior Aspect of the Anulus to the Common lliac Artery and Vein in the Prone and Supine Positions

at L4-L5 and L5-S1*

L4-L5 L5-S1
Prone Supine P Value Prone Supine P Value

RAA 4 (0-16) 1(0-17) 0.54 8.6 (0-23) 8.8 (3-20) 0.78

RAV 8 (0-4) 6 (0-3) 0.74 3.1 (0-9) 3.3(0-14) 0.60

LAA 9 (0-9) 5 (0-10) 0.06 12.6 (4-23) 11.3 (4-20) 0.24

LAV 8 (0-4) 3(0-3) 0.39 5 (0-9) 1.4 (0-7) 0.01+t

RMAA 8.6 (0-23) 2 (0-47) 0.08 18.6 (11-28) 15.2 (7-26) <0.001¢t

RMAV 13.9 (1-28) 13.1 (0-38) 0.64 23.0 (15-30) 19.2 (9-30) <0.001¢t

LMAA 11.8 (2-23) .0 (0-19) 0.20 19.1 (7-28) 17.1 (7-24) 0.03¢t

LMAV 4.8 (0-17) 2 (0-32) 0.53 21.1(10-47) 16.0 (2-29) 0.01%
*The data are presented as average distance between the structures in millimeters, with the range in parentheses. RAA = right side, anterior
aspect of anulus to common iliac artery; RAV = right side, anterior aspect of anulus to common iliac vein; LAA = left side, anterior aspect of anulus
to common iliac artery; LAV = left side, anterior aspect of anulus to common iliac vein; RMAA = right side, distance from midline anteriorly to
common iliac artery; RMAV = right side, distance from midline anteriorly to common iliac vein; LMAA = left side, distance from midline anteriorly to
common iliac artery; LMAV = left side, distance from midline anteriorly to common iliac vein. tDifference was significant.
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TABLE Il Distance from the Posterior Aspect of the Anulus to the Common lliac Artery and Vein in the Prone and Supine

Positions at L4-L5 and L5-S1*

L4-L5 L5-S1
Prone Supine P Value Prone Supine P Value
RPA 43.3 (34-57) 39.7 (6-58) 0.037F 45.1 (35-61) 41.4 (13-56) 0.04%
RPV 38.1(31-49) 35.1(9-43) 0.01% 39.5 (26-50) 37.1(27-50) <0.0017t
LPA 40.6 (33-49) 39.3(32-52) 0.027F 48.1 (35-63) 44.7 (37-58) 0.01%
LPV 39.9 (27-50) 34.3 (3-44) 0.04% 36.3 (7-563) 34.7 (26-43) 0.20

*The data are presented as average distance between the structures in millimeters, with the range in parentheses. RPA = right side, posterior
aspect of anulus to common iliac artery; RPV = right side, posterior aspect of anulus to common iliac vein; LPA = left side, posterior aspect of

anulus to common iliac artery; LPV = left side, posterior aspect of anulus to common iliac vein. tSignificant difference.

distance from the midline of the posterior aspect of the anulus to
the closest portion of the common iliac artery increased signif-
icantly for both the right and the left common iliac arteries
(3.6 mm and 1.3 mm, respectively; p = 0.03 and 0.02, respec-
tively) and both the right and the left common iliac veins (3 mm
and 5.6 mm, respectively; p = 0.01 and 0.04, respectively).

At 15-S1, the right and left common iliac arteries were a
mean of 45.1 mm (range, 35 to 61 mm) and 48.1 mm (range,
35 to 63 mm) from the midline of the posterior aspect of the
anulus. The right and left common iliac veins were a mean of
39.5 mm (range, 26 to 50 mm) and 36.3 mm (range, 7 to 53 mm)
from the midline of the posterior aspect of the anulus. When
supine and prone positioning were compared, the right and left
common iliac arteries were located significantly farther from
the midline of the posterior aspect of the anulus in the prone
position (mean, 3.7 mm and 3.4 mm, respectively; p = 0.04 and
0.01, respectively), as was also true for the right common iliac
vein (mean, 2.4 mm; p < 0.001) (Table III).

Sex Differences

There were no differences in level of aortic bifurcation or iliac
confluence when the patient cohort was analyzed on the basis of
sex (p > 0.7 for both). Based on the numbers, there were no
significant differences in average distances of the iliac vessels
from the anterior aspect of the anulus at L4-L5 or L5-S1 when
the patient cohort was analyzed by sex (p > 0.34 for all mea-
surements). Mean distances of all four iliac vessels from the
midline of the posterior aspect of the anulus at L5-S1 were sig-
nificantly greater in men than in women by an average of 7 mm
(p < 0.02 for each measurement), and the mean distance from
the midline of the posterior aspect of the anulus to the left
common iliac artery at L4-L5 was significantly larger in men (p <
0.01) by 6.5 mm. Given the absence of differences in the distance
between the anterior aspect of the anulus and the iliac vessels,
these differences likely reflect the larger dimensions of the in-
tervertebral disc in men as compared with those in women.

Interindividual Variation in Measurements
Distances between the anterior aspect of the anulus and the right
and left common iliac veins demonstrated interindividual ranges

more than 2.8 times the average values at both L4-L5 and L5-S1,
suggesting wide variation across subjects in our study in com-
parison with the average value. The position of the right and left
common iliac arteries was similarly variable in their distance
from the anterior aspect of the anulus with measurement ranges
of greater than 1.5 times the average distance for the left com-
mon iliac artery at L5-S1 and greater than 2.7 times the average
distance for all other common iliac arteries.

Interobserver Reliability

Interobserver reliability analysis for measurements of retro-
peritoneal vasculature width and distance from the posterior
aspect of the anulus demonstrated intraclass correlation coef-
ficients of 0.93 for vessel diameter and 0.92 for vessel distance
from the posterior aspect of the anulus, representing excellent
reliability.

Discussion
Information about the effect of positioning on the vascular
anatomy during surgery may be helpful in avoiding iatro-
genic vessel injury, understanding how anatomy in the prone
position differs from supine anatomy seen on MRI, and in-
forming surgeons about the anatomic structures that are at
risk. We performed an a priori prospective study in which
patients served as their own controls after a change in posi-
tioning; in contrast, previous studies that suggested that posi-
tioning affects vasculature position did so without direct proof
of this phenomenon™". While the incidence of injury to major
vascular structures during posterior spinal surgery is low, the
importance of this topic is reflected by the inordinately high
associated morbidity and mortality, which affects 10% to 65%
of patients with these vascular injuries™'”".

Previous studies have sought to illustrate the relationship
of the aortic bifurcation to the lumbar spine. Using lateral-view
radiographs and contrast injections of the great vessels, Nilsonne
and Hakelius® demonstrated the close proximity of the instru-
ments used in discectomy to the lumbar anterior longitudinal
ligament and associated anterior vessels. Pirro et al.* reported in
a cadaver study that the aortic bifurcation was most often found
at the L4 vertebra (50%) followed by the L5 vertebra (39%), a
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Left iliac vein

34.3mm

Fig. 2-A

ANATOMICAL RELATIONSHIPS OF THE ANTERIOR BLOOD
VESSELS TO THE LOWER LUMBAR INTERVERTEBRAL DISCS

O Left iliac vein

39.9mm

Fig. 2-B

Illustration demonstrating that the distance between the left iliac vein and the posterior aspect of the anulus at L4-L5 varied by >5 mm in the supine (Fig. 2-A)
versus the prone (Fig. 2-B) position, making that vessel less susceptible to injury than a supine MRI would suggest, although it remains the vascular
structure at risk compared with other iliac vessels on the basis of its proximity to the posterior aspect of the anulus.

finding that was corroborated by several other studies™”™.

Khamanarong et al.” reported bifurcation of the abdominal aorta
anterior to the L4 vertebra in 131 (70.1%) of 187 cadavers. All
previous studies to date were either cadaveric studies based on the
anterior approach to the spine or conventional imaging studies
and therefore are descriptions of vascular anatomy with the in-
dividual in the supine position. We confirmed that the aortic

Left iliac artery

40.6mm

Fig. 3-A

bifurcation is most often at the L4 vertebra in the supine position
(73%), a percentage that decreased with prone positioning (60%)
due to cranial migration of the bifurcation (Table I).

Variability of the iliocaval junction has also been reported.
Vraney et al.” found that 86% of the patients displayed an iliac vein
confluence at L5, and 14% had a confluence overlying L4. Using
magnetic resonance angiography, Capellades et al.” reported that

Left iliac artery

Fig. 3-B

lllustration demonstrating that the leftiliac artery was 7.5 mm closer to the posterior aspect of the anulus at L4-L5 (Fig. 3-A) than it was at L5-S1 (Fig. 3-B). Surgeons
must be acutely aware of the level at which they are operating because of major variation in vascular anatomy, even at adjacent spinal levels.



1093

THE JOURNAL OF BONE & JOINT SURGERY - JBJS.ORG
VOLUME 94-A - NUMBER 12 - JUNE 20, 2012

@ Left iliac vessels

Fig. 4

Illistration depicting the paramount importance of the orientation of an
instrument in avoiding injury during intradiscal surgery. Working from the
same entry point into the disc and inserted to the same depth, an in-
strument directed toward the midline is confined safely within the anulus
while an instrument directed straight anteriorly breaches the anulus and
risks injury to the common iliac artery and common iliac vein.

the iliocaval junction was most commonly equal at the L4-L5 disc
level (59.4%) followed by the L5 vertebra (26.3%). We found
movement from the supine into the prone position led to signif-
icant (p < 0.01) superior migration of the iliac vein confluence.

All four iliac vessels drifted anteriorly in the prone posi-
tion at L4-L5 in reference to the posterior aspect of the anulus by
an average of 3.4 mm, and by 5.6 mm for the left iliac vein. This
is an important finding because the left iliac vein is the closest
vascular structure to the posterior aspect of the anulus at L4-L5
in the prone position, which may make it more susceptible to
injury (Fig. 2). At the L5-S1 level, both iliac arteries and the right
iliac vein drifted anteriorly in the prone position while the left
iliac vein, again the closest structure to the posterior aspect of the
anulus, did not significantly change position, a finding unex-
plained by any known anatomic constraints. The relative prox-
imity of the left iliac vein to the posterior aspect of the anulus and
its lack of mobility are characteristics that may predispose the left
iliac vein to iatrogenic injury. At L5-S1, all four iliac vessels
shifted away from the midline in the prone position (Table II) to
a position less protected by the thickened anterior longitudinal
ligament in the case of anular breach. Although the iliac vessels
tended to move anteriorly in the prone position, one or both
iliac arteries moved posteriorly by greater than 3 mm in five
patients (17%) and one or both iliac veins moved posteriorly by
greater than 3 mm in three patients (10%). The difference be-
tween men and women in distance from the posterior aspect of
the anulus to the iliac vessels suggests women may be more
prone to iatrogenic vessel injury during disc surgery.

ANATOMICAL RELATIONSHIPS OF THE ANTERIOR BLOOD
VESSELS TO THE LOWER LUMBAR INTERVERTEBRAL DISCS

There were substantial differences in the relationship be-
tween vascular structures and the disc at L4-L5 compared with
that at L5-S1. The average distance in the prone position from
the anterior aspect of the anulus is greater by >4 mm for all
iliac vessels at L5-S1 than at L4-L5, and the average distance from
the posterior aspect of the disc to the left iliac artery is 7.5 mm
greater at L5-S1 than it is at L4-L5 (Fig. 3). The iliac vessels also
move laterally at L5-S1 by more than 10 mm on the average,
potentially moving them outside the protection of the anterior
longitudinal ligament. Clinically, iliac vessel injury can occur
at both the L4-L5 and L5-S1 spinal levels'**; it is incumbent
on surgeons to be attendant to the risks of surgery that stem
from the characteristic vascular anatomy at each level and to take
into account any obvious anatomic variation or transitional
anatomy that is seen on preoperative magnetic resonance images.

It has been recommended that instruments be marked
with distances from the instrument tip so that those distances
can be easily appreciated during disc surgery”, and it has also
been recommended that instrument penetration into the disc
be limited to 25 to 30 mm**. Such recommendations must be
used with caution to avoid a false sense of security; the ori-
entation of an instrument insertion also impacts the depth of
insertion on an anterior to posterior axis (Fig. 4)*. Two patients
in our study had distances of 15 mm or less between the pos-
terior aspect of the anulus and the right common iliac artery at
L4-L5 in the prone position due to far posterolateral iliac artery
position, and five patients (17%) had common iliac veins at the
L4-L5 level that were <30 mm from the posterior aspect of the
anulus in the prone position. The risk of vascular injury during
lumbar disc surgery varies from patient to patient and is highly
dependent on the orientation of instrument insertion. We
caution against reliance on standardized recommendations for
guidance on instrument depth.

Our study has limitations. First, although we attempted
to enroll subjects without lumbar, abdominal, or retroperi-
toneal pathology, it is unknown whether our sampling is
representative or can be generalized. Secondly, our study is
based entirely on MRI measurements; we do not have surgical
or postmortem corroboration of findings. The high interob-
server reliability, however, suggests that our measurements were
highly reproducible.

Appendix

@ A table showing the width of the common iliac artery
and vein in the prone and supine positions at the levels

of L4-L5 and L5-S1 is available with the online version of this

article as a data supplement at jbjs.org. B
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