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Background: An approach to lateral lumbar interbody fusion (LLIF) utilizing an oblique corridor anterior
to the psoas muscle was first described by Mayer in 1997 and subsequently by other authors. The only
consistent structure of note in this corridor is the lumbar sympathetic trunk (LST), which at times must
be mobilized in order to perform a discectomy and interbody fusion, thereby placing the LST at risk. This
study was designed to describe the morphometric anatomy of the LST in relation to surgically relevant
landmarks for the anterolateral approach to the lumbar spine at L.3/L.4 to L5/S1.

Methods: Twenty-four embalmed cadavers (13 males, 11 females, age range, 50-89) were dissected to
expose the LST. Bilateral measurements were recorded using a calliper under direct visualization, using the
midsagittal plane of the lumbar spine as the reference landmark. The points were then marked with radio-
opaque needles, and 14 cadavers were scanned with CT to validate the measurements.

Results: Of 48 LSTs, there was minimal difference in the direction of its course between sides; 14/24
specimens had concordant directions. The majority (n=28) had a medial to lateral cephalocaudal course. If
osteophytes were present at the L4/L5 level, the majority of LSTs (n=7, of 8) were displaced lateral to the
osteophyte. At the L5/S1 level, half of the cases with osteophytes (n=3, of 6) stretched the LST over the top
of the osteophyte. The LST was adherent to the L4/L5 disc space bilaterally in 93% of cases.
Conclusions: With the development of lumbar fusion techniques which utilize an oblique corridor and the
retraction of psoas muscle, LST has become an important neural structure to define, protect and mobilize.
In our morphometric analysis of 24 specimens, the position has been identified and quantified, and this paper
notes variations, particularly distortions caused by degenerative processes. In this study, the LST ran in a

medial to lateral direction from L3 to S1, and osteophytes typically displace and adhere to the LST.
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Introduction

Minimally invasive lateral lumbar interbody fusion (LLIF)
techniques have been associated with fewer complications
than anterior and posterior lumbar approaches (1).
However, the standard lateral approach, which traverses
the psoas muscle (i.e., transpsoas approach), has its own
limitations and complications (2-6). Of most concern is
the potential for injury to the lumbar plexus, minimized
by using intraoperative neuromonitoring (7). An
alternative approach, anterior to psoas (ATP), without
neuromonitoring, has been described (8-11). This approach
is also promoted by Medtronicin a technique called
“OLIF25” (10). Theoretically, ATP approaches have the
benefits of reduced complication rates to the lumbar plexus,
compared with the transpsoas approach. In addition, it has
the benefit of allowing technically easier access to the L4/L5
disc space, which may be obstructed by the iliac crest in the
transpsoas approach (12). Yuan ez 4l. described a similar muscle-
sparing approach, which had a reduced complication rate
compared with a standard transpsoas approach (13). These
techniques traverse a corridor ATP in which the principle
longitudinal anatomical structure is the LST. Segmental vessels
traverse this region in a medial to lateral direction. Other
structures in this space include lymphatics and small sympathetic
fibres, for example grey and white rami communicantes and
post-ganglionic branches to the midline plexus.

As the LST represents a structure at risk, and a potential
impedance to this approach, a more detailed anatomical
appreciation of the position of the sympathetic trunk, especially
in the lower lumbar spine (L4/5 and L5/S1) is required.
Most of the approaches in which the LST is described in the
literature are related to research papers in anesthesiology in
the context of percutaneous ablative procedures, in which the
position of the sympathetic trunk was examined in relation to
psoas, rather than in relation to the disc space.

From experience with over 100 ATP surgical cases (Seex
and Gragnaniello, unpublished results), we have noted that
the LST is always identifiable in the surgical field, and may
require retraction anteriorly during the operation (11).
Unilateral iatrogenic injury to the lumbar sympathetic trunk
(LST) produces a ‘sympathectomy effect’ with vasodilation-
induced warmth and oedema in the affected limb. Other
documented iatrogenic complications have not been observed
in our patients, namely post-sympathectomy neuralgia and
compensatory hyperhidrosis (14-16). A bilateral high lumbar
sympathectomy may lead to retrograde ejaculation because the
sympathetic outflow to the internal vesical sphincter is from
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L1-1.2 (17,18). Topographically, the LST is described as resting
on the anterolateral surface of the lumbar vertebrae, following
the lateral border of the anterior longitudinal ligament (ALL)
and the medial border of the psoas major. Osteophytes
may displace the LS, either laterally, or medially (19).
The LST lies anterior to the lumbar segmental vessels and has
a variable relationship with the tributaries of the iliolumbar
veins in the parasagittal (anteroposterior) plane. On average,
there are four ganglia present in the LST. Some authors have
described specific locations for those ganglia. Others who have
reported topographical variability of the ganglia considered
these specific descriptions impractical (20). The ganglia may
be fused with the lumbar vertebral bodies. Feigl and colleagues
observed that the LST” ‘fixation’ was due to a ‘dense fascia-
like connective tissue’. They postulated that it was associated
with a continuation of the psoas fascia (19). In contrast,
Edwards described the LST as being ‘clothed’ by the ALL (20).

Embryologically, the sympathetic trunk is derived from
truncal neural crest cells which migrate ventrally through
the anterior portion of the sclerotome, to reside in the para-
aortic region dorsolateral to the aorta. Edwards postulated
that the lumbar arteries prevent the sympathetic chain
from migrating medially. This may be correct, not because
the arteries create a physical barrier which prevents the
sympathetic fibres migrating too medially, but because,
during embryonic development, blood vessels produce
neurotrophin N'T-3, which induces developing sympathetic
fibres to grow upon their surfaces as they distribute from,
and to, their smooth muscle targets. In the experimental
setting, it has been shown that the LST, and other
sympathetic fibres, grow along vasculature to reach their
various splanchnic targets, and in the experimental setting,
absence of neurotrophins prevented sympathetic fibres
reaching those targets (21). Furthermore, sympathetic fibres
have been shown to express trophic factors which cause
them to grow and branch during ‘target innervation’ (22).

Previous morphometric studies of the LST have used different
landmarks to locate the LST according to the procedure being
performed. Gu et al. characterised LST morphometry for the
purpose of posterolateral lumbar disc approaches using the
transverse process as the reference landmark (23). Similarly,
Feigl et al. used the medial border of psoas for use in lumbar
sympathetic blocks (24). They reported that osteophytes caused
the LST to be displaced medially, laterally, or anteriorly—
stretched over the surface of the osteophyte.

Our study was performed to characterize the morphometry
of the LST for surgical application in an ATP lumbar
intervertebral (IV) disc approach.
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Figure 1 Axial CT scan showing the radio-opaque pins utilized to
first mark midline and the position of LST. R, right radio-opaque
pin, marking right sympathetic trunk; L, left radio-opaque pin,
marking left sympathetic trunk; M, midline pin, marking reference

point; LST, lumbar sympathetic trunk.

Figure 2 Right anterior to psoas approach. The lumbar
sympathetic trunk has been approached from the right, for
experimental purposes. Cranially, the great vessel space has been
dissected out, and the inferior vena cava is being retracted caudally.
The right lumbar sympathetic trunk can be seen anterior to the
segmental lumbar artery (**), but posterior to the segmental lumbar
vein (*). *, segmental lumbar vein of IVC (note its anterior position
to the right lumbar sympathetic trunk); **, segmental lumbar artery
of aorta (note its posterior position to the right lumbar sympathetic
trunk). CIV, common iliac vein; G, ganglion; GFN, genital branch
of genitofemoral nerve; IVC, inferior vena cava; LST, right lumbar
sympathetic trunk; LV, lumbar vertebra; Psoas, psoas major; Cr,

cranial; Ca, caudal; V, ventral; D, dorsal.
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Methods

Twenty-four embalmed cadavers were selected. Two were
excluded due to significant pathology involving the relevant
anatomy (n=22, 13 males and 11 females, age range: 50-89,
median age: 78). Cadavers were obtained through the Bequest
Program of the Anatomy Department at the University of
New England. Cadavers were embalmed using a ‘formalin-
mix’ solution and prepared by evisceration of abdominopelvic
contents; horizontal section through thoracic vertebra 12
(T12) body; and bilateral oblique section of the lower
limbs in the inguinal region—thus isolating the posterior
abdominopelvic wall. The retroperitoneal ‘great vessel space’
was dissected to expose the LST. All intervening structures
were removed. The position of the LSTs were confirmed
through the identification of their grey rami communicantes.
The midsagittal plane of the lumbar vertebrae was estimated
visually, and 14-gauge needles were placed into the IV discs
at L.3/4, L4/5 and L5/S1 as reference markers. Callipers were
used for direct visual measurement of the distance of the
LST from the reference marker in the midsagittal plane. Size
of the ganglion, adherence of the LST to the disc space, and
any osteophytic pathology were recorded. All measurements
were performed by authors C Gragnaniello and G Rutter,
and verified by K Seex and F Stewart.

Fourteen cadavers were then selected for data validation
by CT imaging. The fourteen-gauge reference marker
needles were left in situ at the midsagittal point of the
IV disc, and others were placed bilaterally along LST
at each level. Those needles were used as radio-opaque
markers (Figure I). Linear distances were measured using
OSIRIX by author G Rutter and confirmed by author C
Gragnaniello.

Data was analyzed using Microsoft Excel. Data validation
was determined by absolute error and precision at each
vertebral level for each side. Error was calculated as the
absolute value of the difference between the calliper and
CT measurements. Precision was calculated using a two-
sample F test for the equivalence of variances (25). The
measurements were considered ‘precise’ if the F test was
statistically insignificant (i.e., the null hypothesis that the
variances are equivalent is true).

Results

In the 24 specimens, we analyzed 48 LSTs approaches from
either the right (Figure 2) or the left (Figure 3). The LST
descended vertically from L4 to S1 in 6 specimens (4 left;
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Figure 3 Left anterior to psoas approach. The lumbar sympathetic
trunk has been approached from the left, as for an operative
anterior to psoas approach. The aorta is being retracted ventrally.
The left lumbar sympathetic trunk is seen anterior to both the
segmental lumbar artery (**), and lumbar vein (*). *, segmental
lumbar vein of IVC (note its posterior position to the left lumbar
sympathetic trunk); **, segmental lumbar artery of aorta (note
its posterior position to the left lumbar sympathetic trunk).
CIV, common iliac vein; G, ganglion; GFN, genital branch of
genitofemoral nerve; IVD, intervertebral disc; IF, iliac fascia;
IVC, inferior vena cava; LST, right lumbar sympathetic trunk; LV,
lumbar vertebra; Psoas, psoas major; Cr, cranial; Ca, caudal; V,

ventral; D, dorsal.

Table 1 Lumbar sympathetic trunk distance from the midline,
measured in millimetres

Variable L3/L4 L4/L5 L5/81
Left 20.63+3.38 20.80+3.96 20.87+6.31
Right 19.60+4.29 23.54+4.84 22.77+5.68

Table 2 Adherence, measured in number and percentage

Variable L3/L4 L4/L5 L5/S1
Left 8 (35%) 18 (78%) 21 (91%)
Right 13 (57%) 19 (83%) 22 (96%)

Table 3 Mean absolute error, measured in millimetres

Variable L3/L4 L4/L5 L5/81
Left 2.3+1.6 2.3+1.2 2.3+2.0
Right 2.0+1.5 1.6+0.9 2.8+2.5
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2 right). In 14 specimens, the LST had a lateral to medial
direction (8 left; 6 right). In the majority of specimens, the
LST ran from medial to lateral (N=28; 13 left; 15 right). The
mean distance of the LST from the midline at the L3/L4
level was 20.63+3.38 mm (left), and 19.60+4.29 mm
(right); at L4/L5 level, 20.80+3.96 mm (left), and
23.54+4.84 mm (right); and at L5/S1 level, 20.87+6.31 mm
(left), and 22.77£5.68 mm (right) (1able 1).

In six specimens, osteophytes were observed at L5/S1.
In three specimens (3/6) the LST was stretched upon the
surface of the osteophyte. In three specimens, the LST was
substantially displaced to one side. In two specimens, the
LST was displaced twelve, and fourteen mm lateral to the
proximal position it occupied at L4/5. In one specimen, the
LST at L5/S1 was 12 mm medial to its proximal position
at L4/5—a deviation from the midline of 25 mm lateral to
midline, to 8 mm lateral to the midline.

Presence of osteophytes was observed at the L4/5 level
in eight specimens. In seven of those, specimens, the LST
deviated laterally. In one specimen the LST was stretched
over the osteophyte. Where LST was lateral to the
osteophyte, the distance between it and the osteophyte was
4-6 mm lateral, when compared to the LST’s position at
the level above in six specimens. In one specimen, the LST’
deviation with respect to the osteophyte was 11 mm.

From intraoperative experience, the LST is at times
loose over the vertebral body and disc, while in other
patients, it is tightly adherent to the disc space, bound by a
dense layer of connective tissue. In the 48 specimen sides
which we inspected, we confirmed that connective tissue
‘fixation’ of the LST occurred (Tizble 2) and we observed
that even when the LST was ‘free’ over the disc spaces of
L3/4 (45%), it tended to be adherent to the L4/L5 (80%),
and L5/S1 (93%) disc spaces.

The mean absolute error was calculated as the
absolute value of the difference between the physical and
corresponding CT measurements. These ranged from
1.6+0.9 to 2.8+2.5 mm, depending on the level (Table 3).
None of the F values (ranging from 1.03 to 2.14) were
statistically significant (P values between 0.11 and 0.48)
(Tible 4).

Discussion

Anterolateral surgical approaches which avoid psoas muscle-
splitting, utilize the natural window created by the anterior
border of psoas, and the lateral extent of the great vessels
which provide the surgical access corridor. This ‘surgical
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Table 4 F values and P values obtained using the two-sample F test
for the equivalence of variances

Variable L3/L4 L4/L5 L5/81

Left F=1.03, P=0.48 F=1.71,P=0.18 F=2.14, P=0.11

Right F=1.28, P=0.33 F=1.07,P=0.45 F=1.39, P=0.28

An F value greater than one suggests there is (statistical)
variance between the CT and physical measurements [24].
However, the statistical power demonstrates that this is not
statistically significant. Thus, there is no statistically significant
variability between CT and physical measurements.

corridor’, oblique to the midsagittal plane of the lumbar
spine, permits the surgeon to place a prosthetic cage into
the disc space. The technique has been described by Seex
(2,11), Aghayev (9), and Kanno (10).

The proposed advantages of the oblique approach allow
for discectomy and cage insertion through the oblique
corridor with lesser manipulation required of the major
vessels and important anatomical structures (26,27). This
corridor is bound by the psoas muscle laterally and aorta and
inferior cava or common iliac vessels medially. Cadaveric
investigations by Davis er al. (28) and Molinares et al. (29)
demonstrate an adequately sized, left-sided oblique corridor
at L2-L5, which could be widened via lateral decubitus
positioning and the use of approach retractor systems.
The prior study (28) reported left oblique corridor sizes
for L2/L3, L3/L4, L4/L5 whilst the latter (29) reported
measurements of these levels in addition to L1/1.2 and L.2/L3.
Both studies were consistent in demonstrating that the
larger corridors were available in the upper lumbar levels,
and has been attributed to the conical morphology of the
psoas muscle. No significant association was found between
corridor sizes with gender. Indeed, these morphometric
studies are in keeping with the clinical experience by initial
ATP/OLIF studies (2,6,11), where a left sided approach
is preferable to all but L5/S1 disc space, as a right sided
approach is more likely to require mobilization of the
inferior vena cava. At L5/S1 a right sided approach may be
preferred as the right common iliac vein is typically more
lateral and unlike the left, rarely adherent to the spine or
disc space. The position of the LST places it at risk in either
left or right sided approaches.

The influence of age should not be underestimated
when considering the position of the lumbar plexus during
mobilization of the psoas muscles. It has been suggested
that in elderly individuals, the atrophied psoas muscle may
alter the position of the lumbar plexus (30), and as such

© Journal of Spine Surgery. All rights reserved.

jss.amegroups.com

423

increased care should be taken when retracting psoas in the
elderly population. Certainly, mobilization of the LST can
be difficult in the more degenerative spine because of its
adherence to the disc space, vertebrae and osteophytes as
seen in this study.

While preservation of the LST is desirable, the
consequences of its inadvertent or deliberate sacrifice is
rarely a problem at least in the elderly. Reports of the
natural history of LST injury in surgical fusion are minimal,
and more clinical information is needed to clarify in whom
and how significant this is likely to be. The consequences of
LST injury or sacrifice in the elderly population appear at
least anecdotally to be less critical, possibly given the likely
reduced effectiveness of the autonomic system with age
and increased rates of diabetic or other neuropathies. By
contrast, preservation of the LST in a younger population is
important, but can be easier given that younger patients are
less likely to have osteophytes. Comparison with alternate
approaches to ATP (e.g., transpsoas or ALIF), which in
theory have less risk of LST injury, but perhaps more
other complications, is desirable. In the authors views, the
advantages to the patient of multiple interbody correction
from an anterolateral approach outweigh the risk and
consequences of LST injury.

Although not the focus of the present morphometric
study, there are other structures of importance close to the
spine when considering the surgery through the oblique
corridor. There have been reported cases where the kidney,
renal vasculature or liver partially obstruct the oblique
corridor. In a morphometric analysis by Liu er 2l (31),
authors assessed imaging data from 60 adults to determine
features of the vascular window at each lumbar level and
proportion obstruction by renal artery and vein positioning.
The authors noted that the renal artery and vein were
overlapping in 51.7% of cases, including 18.3% in front of
the L1/2 IV space. The position of the ureter relative to
the oblique corridor is variable but typically is adherent to
the peritoneum and is like the other structures mentioned
above, retracted with the peritoneum, and not of great
concern during the oblique approach being retroperitoneal.
The genitofemoral nerve arising from L1 and L2 roots,
emerging from psoas around L3 body, is the sensory nerve
most at risk, being on the psoas and immediately under
the retractor blade during surgery. The venous anatomy,
particularly the iliolumbar veins and ascending lumbar
veins, should also be mentioned as potentially at risk in the
anterolateral and transpsoas procedures. The majority of
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patients have a single iliolumbar vein, although multiple
can be found in up to 25.8% of cases (32), which the
operator should be aware of. Typically seen mid body of
L5, occasionally the authors have noted the iliolumbar vein
to cross the disc space. One cadaveric study (33) found that
5% of LLSVs ran superficial to the obturator nerve whereas
66.6% ran superficial to the LST. The common iliac and
both iliac arteries frequently become tortuous with age,
and thus have variable position , passing anterior in 70% of
cases and posterior to the obturator nerve in 30% of cases
in one cadaveric study (34).

Conclusions

With the development of lumbar fusion techniques which
utilize an oblique corridor and the retraction of psoas
muscle, LST has become an important neural structure
to define, protect and mobilize. This paper adds more
specimens (n=24) to the literature. The position has been
identified and quantified, and this paper notes variations,
particularly distortions caused by degenerative processes. In
this study, the LST ran in a medial to lateral direction from
L3 to S1, and osteophytes typically displace and adhere to
the LST.
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