Journal of ANato my

J. Anat. (2018) 232, pp124-133 doi: 10.1111/joa.12721

The anatomy of the infrarenal lumbar splanchnic
nerves in human cadavers: implications for
retroperitoneal nerve-sparing surgery

Tyler S. Beveridge,”" %) Dale E. Fournier,”" Adam M.R. Groh," Marjorie Johnson,' Nicholas E.
Power?3 and Brian L. Allman’

'Department of Anatomy and Cell Biology, Schulich School of Medicine & Dentistry, Western University, London, ON, Canada
2Department of Surgery, Urology Division, London Health Sciences Centre, London, ON, Canada
3Department of Oncology, Surgical Oncology Division, London Health Sciences Centre, London, ON, Canada

Abstract

Injury to the nerves of the aortic- and superior hypogastric plexuses during retroperitoneal surgery often results
in significant post-operative complications, including retrograde ejaculation and/or loss of seminal emission in
males. Although previous characterizations of these plexuses have done well to provide a basis for understanding
the typical anatomy, additional research into the common variations of these plexuses could further optimize
nerve-sparing techniques for retroperitoneal surgery. To achieve this, the present study aimed to document the
prevalence and positional variability of the infrarenal lumbar splanchnic nerves (LSNs) through gross dissection of
26 human cadavers. In almost all cases, two LSNs were observed joining each side of the aortic plexus, with 48%
(left) and 33% (right) of specimens also exhibiting a third joining inferior to the left renal vein. As expected, the
position of the LSNs varied greatly between specimens. That said, the vast majority (98%) of LSNs joining the
aortic plexus were found to originate from the lumbar sympathetic trunk above the level of the inferior
mesenteric artery. It was also found that, within specimens, adjacent LSNs often coursed in parallel. In addition to
these nerves, 85% of specimens also demonstrated retroaortic LSN(s) that were angled more inferior compared
with the other LSNs (P <0.05), and exhibited a unique course between the aorta/common iliac arteries and the
left common iliac vein before joining the superior hypogastric plexus below the aortic bifurcation. These findings
may have significant implications for surgeons attempting nerve-sparing procedures of the sympathetic nerves in
the infrarenal retroperitoneum such as retroperitoneal lymphadenectomies. We anticipate that the collective
findings of the current study will help improve such retroperitoneal nerve-sparing surgical procedures, which may
assist in preserving male ejaculatory function post-operatively.
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sympathetic trunk and suprarenal preaortic plexuses via

Introduction . . .
lumbar splanchnic nerves (LSNs) and intermesenteric nerves,

The major source of sympathetic innervation to the pelvic
organs is provided by the aortic- and superior hypogastric
plexuses. Overlying the infrarenal abdominal aorta, the aor-
tic plexus receives sympathetic supply from the lumbar
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respectively (Motoc et al. 2010; Beveridge et al. 2015a).
After extending branches to form the inferior mesenteric
plexus, the main cords of the aortic plexus converge near
the aortic bifurcation as the superior hypogastric plexus
that descends into the pelvis to innervate the smooth mus-
cle of the urogenital organs, including the internal urethral
sphincter, ductus deferens, prostate gland and seminal vesi-
cles (Learmonth, 1931; Mitchell, 1953; Crosby et al. 1962;
Duncan & Jonck, 1965; Brindley et al. 1989; Coolen et al.
2004; Paraskevas et al. 2008; Beveridge et al. 2015a). Unfor-
tunately, given their seemingly variable positioning in the
retroperitoneum and pelvis, the delicate nerves of the aor-
tic and/or superior hypogastric plexus are at risk of damage
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during retroperitoneal surgery, which can result in signifi-
cant post-operative complications, including loss of seminal
emission and/or retrograde ejaculation in males (Duncan &
Jonck, 1965; Johnson & McGuire, 1981; Flynn & Price, 1984;
Jewett et al. 1988; Jewett & Groll, 2007; Veroux et al. 2010;
Heidenreich & Pfister, 2012; Hsiao et al. 2012). Although
this preventable post-operative complication is well
acknowledged in the surgical literature, additional research
into the common variations of the nerves comprising and
contributing to the aortic- and superior hypogastric
plexuses could further optimize nerve-sparing techniques
for retroperitoneal surgeons.

Based on cadaveric and surgical investigations, most of
our understanding of the LSNs has been derived from quali-
tative observations (Motoc et al. 2010; Beveridge et al.
20154, 2016b). Classical anatomical texts reference four LSNs
on each side with two-four joining the aortic plexus (Mitch-
ell, 1953; Hollinshead, 1971; Gray, 1973; Woodburne & Bur-
kel, 1994; Mirilas & Skandalakis, 2010), and more recent
cadaveric studies have supported this assertion by reporting
two consistent infrarenal LSNs (with the potential for acces-
sory fibers) joining the intermesenteric nerves of the aortic
plexus (Beveridge et al. 2015a, 2016a,b). Moreover, below
the aortic bifurcation, some sources indicate the possibility
of a LSN(s) joining the superior hypogastric plexus (Dwight
et al. 1930; Learmonth, 1931; Mitchell, 1953; Duncan & Jon-
ck, 1965; Hollinshead, 1971; O'Rahilly, 1986; Mirilas & Skan-
dalakis, 2010; Beveridge et al. 2015a); however, details
about their prevalence and/or course are rarely discussed.
Of the reports available, it remains unclear whether these
fibers course: (i) anterior to the common iliac arteries (see
fig. 38.7 from O'Rahilly, 1986; fig. 6-71 from Woodburne &
Burkel, 1994; fig. 9 from Mirilas & Skandalakis, 2010; plate
389 from Netter, 2011); (ii) between the aortic bifurcation
and the left common iliac vein (see fig. 1 from Learmonth,
1931; fig. 110 from Mitchell, 1953; Beveridge et al. 2015a);
or (iii) posterior to the left common iliac vein (see fig. 1140
from Dwight et al. 1930; fig. 1 from Learmonth, 1931; fig. 9
from Mirilas & Skandalakis, 2010; plates 297 and 392 from
Netter, 2011). Furthermore, inconsistencies exist with
respect to whether one (Dwight et al. 1930; Hollinshead,
1971; O'Rahilly, 1986; Mirilas & Skandalakis, 2010; Beveridge
et al. 2015a) or two (Learmonth, 1931; Woodburne & Bur-
kel, 1994) LSNs are present on each side that extend to join
the superior hypogastric plexus. Based on our own observa-
tions (Beveridge et al. 2015a), it is our prediction that LSN(s)
joining the superior hypogastric plexus, when present, will
course behind the aortic bifurcation, yet anterior to the left
common iliac vein.

Given the precise involvement of each LSN in seminal
emission and antegrade ejaculation is not yet understood,
further investigation is warranted to quantify the positional
deviations of the LSNs in order to assist comprehensive
nerve-sparing retroperitoneal surgery. Although the posi-
tion of the LSNs may vary greatly, based on our own
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dissections, we predict that the course of adjacent LSNs will
remain similar within specimens (i.e. each LSN will course in
parallel to one another within an individual). Ultimately, to
complement previous observations and address the afore-
mentioned predictions, the present study endeavored to
provide the first quantification of the prevalence, positional
deviations and course of the infrarenal LSNs adjoining the
aortic- and superior hypogastric plexuses through dissection
and measurement of human cadavers.

Materials and methods

This study was conducted on 26 embalmed human cadavers (16
females, 10 males; [lage at death = 80.4 £ 9.8 years; range 59-97 years)
over a period of two years from the HEART (Haase Education in
Anatomy & Research Technologies) Lab at Western University, ON,
Canada. All data were obtained in accordance with the Anatomy
Act of Ontario and Western’s Cadaveric Use in Research. Specimens
were excluded from the present study if they exhibited evidence of
previous infrarenal retroperitoneal dissection that may have altered
the anatomy (n=10), or retroperitoneal disease that may have
altered the position of the aortic plexus (n = 8; i.e. abdominal aortic
aneurysms greater than 3 cm, local metastases).

Dissection

The preaortic sympathetic nerves were dissected from the left renal
vein to the pelvic inlet. LSNs were carefully isolated where they
intersected the left/right cord of the aortic plexus or the posterior
aspect of the superior hypogastric plexus, and followed posteriorly
to their origin at the lumbar sympathetic trunk. Because all LSNs
joining the superior hypogastric plexus below the aortic bifurcation
coursed posterior to the common iliac arteries, they were referred
to (and grouped for analysis) as retroaortic LSNs. Nerves were
pinned during dissection in preparation for measurement.

Measurement protocol

To quantify the position of each LSN, we measured its origin (proxi-
mal position at the sympathetic trunk) and termination (distal posi-
tion at the cord of the aortic plexus or superior hypogastric plexus)
relative to the aortic bifurcation along the rostrocaudal axis. This
positional metric was adopted based on its successful implementa-
tion in a previous study that examined the position of the lumbar
arteries and veins within the infrarenal retroperitoneum (Beveridge
et al. 2015b). In addition, measurements of the infrarenal abdomi-
nal aortic length, rostrocaudal position of the inferior mesenteric
artery and lateral position of the superior hypogastric plexus were
obtained to standardize and contextualize the data reported in the
study. To determine the lateral positioning of the superior hypogas-
tric plexus, the width of the plexus and its distance from each side
of the aorta were measured at the level of the aortic bifurcation.
Inter- and intra-rater reliability of the measurement protocol was
performed using an intraclass correlation coefficient in a two-way
mixed model assessing absolute agreement. To assess inter-rater
reliability, two raters (Raters A and B) measured the same three
specimens on different days, and were blinded to all previous mea-
surements. Subsequently, Rater A measured a different specimen
on two different days (blinded from all previous measurements) to
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assess intra-rater reliability. An excellent agreement of 0.998 (0.995-
0.999: 95% Cl) and 0.995 (0.984-0.998: 95% Cl) was determined for
inter- and intra-rater reliability, respectively. All measurements used
in this study were obtained by Rater A because his performance
underwent both inter- and intra-rater reliability analyses.

Data analyses and statistics

To assess the variability of the number and positioning of LSNs, we
first needed to implement a strategy that grouped alike LSNs
between individuals. This was a challenging task given the potential
for inaccuracy inherent to the inconsistency of the infrarenal region
(Yeager & Cowley, 1948; Hollinshead, 1971; Mirilas & Skandalakis,
2010; Beveridge et al. 2016a,b). Classically, the LSNs are named by
the sympathetic trunk ganglia to which they are associated
(Fig. 1A). Unfortunately, this method can be unreliable (Hollins-
head, 1971) due to the extreme variability present in the anatomy
of the lumbar sympathetic trunk (Yeager & Cowley, 1948; Gray,
1973; Mirilas & Skandalakis, 2010; Gandhi et al. 2013). Recognizing
this shortcoming of the classical nomenclature, we previously
elected to refer to the LSNs joining the aortic plexus in their order
relative to the left renal vein (i.e. first infrarenal LSN, etc.), as seen
in Fig. 1B (Beveridge et al. 2016a,b). However, this approach proved
problematic for the present study because subtle positional varia-
tions in the left renal vein inappropriately changed how nerves
were grouped for subsequent statistical analysis. Thus, in the pre-
sent study, we instead grouped the LSNs for analysis based on their
position relative to the aortic bifurcation (i.e. the most inferior LSNs
were grouped together, etc.; Fig. 1C). Note that this strategy was
used to describe the LSNs joining the aortic plexus, whereas the

A Classical nomenclature
cn. & > ‘_\.cn w .
- Sy r < <
3 3 3 3 .
o 0% o - o
QO w © [«}] [+ ] w
sz >
~ clz —- = =
HE = =
i’ﬁ 0 w9 O
. "-6‘,1, ol \,%\“\ - — "”%’J o
o HE - — | ‘o iR
o e ’-{ (w] (e} £
Zl3 =
=
)
ﬁ. & 2 .; 1. <,
TN LA S e
= un \ = = és,\'f”af
- = =
. Inferior mesenteric
Ly N plexus
igm o

Superior hypogastric
plexus

B Alternative nomenclature

retroaortic LSNs that joined the superior hypogastric plexus were
identified and grouped based on their unique coursing pattern
posterior to the aorta/common iliac arteries.

Prior to statistical analyses, the positions of the LSNs were normal-
ized to the infrarenal length of the abdominal aorta to limit the
variability associated with size differences between specimens. In
most cases, normalized values were preferentially reported; how-
ever, some raw measurements were also included (see Results). To
examine if the positions of the left and right LSNs were similar, we
calculated the difference between where a pair of LSNs (e.g. the
right and left lowest LSNs) joined the aortic/superior hypogastric
plexus (Ad) using normalized values. A value of Ad equal to zero
indicated perfect positional symmetry. To determine if adjacent
LSNs on the same side coursed in parallel, we calculated the differ-
ence in position between the connections of each LSN with the sym-
pathetic trunk and the aortic/superior hypogastric plexus (Ap) using
normalized values. Subsequently, each side was independently com-
pared using non-parametric one-way analysis of variance tests
(Kruskal-Wallis H-tests, «=0.05). Non-parametric statistics were
used because the calculated values of Ap were not normally dis-
tributed (Shapiro-Wilk, P <0.05). For clarity, an example of Ad and
Ap values can be seen in Fig. 2C.

Data were handled and calculations were completed with Excel
(Version 2016, Microsoft), and all statistical tests were performed
using spss staTisTics (Version 24, IBM). Statistical power was deter-
mined using c*power v3.1.9.2. Graphical figures were generated
with Excel or spss, then stylized and formatted using Apboge pHoTOSHOP
cs6. Photos were obtained using a Nikon D80 DSLR camera, and 3D
modeling of the findings was completed using BLenper (Version
2.78a, Blender Foundation).
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Fig. 1 An illustration of the different nomenclatures used in the literature compared with the grouping method used in this study. (A) Illustrates
how the lumbar splanchnic nerves (LSNs) are classically named as per the sympathetic trunk ganglia from which they originate (Hollinshead, 1971;
Mirilas & Skandalakis, 2010). (B) lllustrates a more contemporary strategy used in the primary literature where LSNs are named in order relative to
the left renal vein (Beveridge et al. 2016a,b); an asterisk (*) indicates portions of the plexus not examined in these studies. To accurately group
alike LSNs for comparison in this study, the retroaortic LSNs were grouped and the remaining (above the aortic bifurcation) were grouped in

ascending order (C).
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Fig. 2 A graphic illustration showing the position of the infrarenal lumbar splanchnic nerves (LSNs) as they join the cord of the aortic plexus and
the lumbar sympathetic trunk relative to the total infrarenal space (100%). (A) Each individual nerve that was measured in the study. (B) The mean
position of each nerve with the associated standard error of that mean. (C) The measurements taken from a typical specimen (#1849) that illus-
trates, at the individual level, the position of LSNs on one side does not always predict the contralateral positions (see the pair of 2" lowest LSNs
coloured in black). Irrespective of this, consistency in the angle of projection (Ap) between ipsilateral LSNs can also be observed in this specimen
(refer to Fig. 7 for statistics). Retroaortic LSN — yellow; most inferior LSN — blue; second inferior LSN — black; third inferior LSN — teal; and fourth

inferior LSN — orange.

Results

Of the 26 human cadavers included in this study, 21 had an
intact retroperitoneum prior to examination; the remaining
five specimens had a partially dissected retroperitoneum as
a result of medical students’ laboratory exercises at our
institution. In these five cases, only the regions of the
retroperitoneal plexuses that remained untouched were
examined. Therefore, the present study examined the vari-
ability in the number and position of the LSNs on the right
(n=24) and left sides (n=25) of the aortic plexus. In our
study population, the mean distance from the aortic bifur-
cation to the inferior mesenteric artery and inferior border
of the left renal vein was 44.0 + 6.6 mm and 91.6 + 12.8
mm, respectively. Of the specimens with bilaterally intact/
untouched anatomy around the bifurcation (n=22), the
diameter of the aorta (at the level of the aortic bifurcation)
was measured to be 30.8 & 6.8 mm. In 17/22 (77%) of these
specimens, the center of the superior hypogastric plexus
was shifted left of the aortic bifurcation 2.7 + 2.4 mm; the
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remaining five were shifted right of the bifurcation 1.8 +
1.4 mm. Irrespective of this predominant left-sided shift, the
superior hypogastric plexus still extended right of the bifur-
cation in 90.9% (n = 20/22) specimens. Overall, the superior
hypogastric plexus extended 4.5 + 3.2 mm right and 7.9 +
4.0 mm left of the bifurcation, exhibiting an average width
of 12.4 + 4.4 mm.

A total of 142 LSNs (n grr= 76, NriguT = 66) were identified
joining the cords of the aortic plexus (Fig. 2A). In most cases
(n =136, 95%), the LSNs existed as a single fiber bundle
coursing at an anteroinferior angle. In a few cases (n=7,
5%; nierr= 3, Nrigut = 4), a variation was observed where a
LSN originated from two points on the lumbar sympathetic
trunk and converged to a common fiber prior to joining
the aortic plexus. In these cases, the larger root was used as
the connection with the sympathetic trunk for statistical
analyses (larger root was superior in 4/7 specimens). The
mean difference between the two roots was 13.1 + 7.3 mm
(range 4.1-25.6 mm). On the right side, the two roots were
often seen coursing on either side of a lumbar vein.
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A variable number of one to four LSNs joined the cords
of the aortic plexus below the level of the left renal vein,
with two most commonly present (prevalence left =52%;
right =63%). The prevalence and location of each LSN is
further reported in Table 1. As shown in Fig. 2A, there was
considerable variability in the rostrocaudal position of the
LSNs. Still, 118/120 (98.3%) LSNs that extended to join the
aortic plexus originated from the sympathetic trunk super-
ior to the level of the inferior mesenteric artery. Of these,
69.5% (n=82) also joined the aortic plexus at a position
superior to the inferior mesenteric artery. No LSNs were
observed joining the aortic plexus along the lower 21.8%
(left) and 24.1% (right) of the infrarenal abdominal aortic
length. The mean position of each LSN is shown graphi-
cally in Fig. 2B, and schematically in three dimensions in
Fig. 3. Although the mean difference in positions between
the left and right sides of each LSN ranged from 2.6% to
2.8% (Fig. 2B), this was rarely observed at the individual
level, as noted by the wide standard deviations associated
with the mean Ad of each pair (mean Adis 1owest LsN=
3.7+ 13.7%, mean Adys jowest Lsn= 1.7 =22.1%, mean
Adzrg  lowest Lsn=2.9 + 13.6%). Figure 2C shows data
obtained from a typical specimen (specimen #1849) that
illustrates how the position of the LSNs on one side did
not often mirror the contralateral positions. This relation-
ship can also be seen in Fig. 4, where the anatomy for this
specimen is shown in three dimensions, panelled in 60°
increments.

In 85% (n=22/26) of specimens, a retroaortic LSN was
present joining the superior hypogastric plexus below the
aortic bifurcation. They were observed bilaterally (n=38),
unilaterally (ngrr=8, Nrigur=3), or were considered to
have inconclusive laterality (nigrr=2, Nrigur=1) due to a
lack of contralateral examination because of exclusion due
to prior trainee dissection. In the remaining 15% (n = 4/26)
of specimens, retroaortic LSNs were bilaterally absent in
three and not examined in one due to previous bilateral
dissection in the region of interest by trainees. In contrast

to the LSNs joining the aortic plexus, retroaortic LSNs
invariably coursed behind the aorta/common iliac artery
and anterior to the left common iliac vein to join the
superior hypogastric plexus below the aortic bifurcation.
Figure 5 demonstrates this relationship in the case of a
right retroaortic LSN, and Fig. 6 shows the anatomy of a
typical left retroaortic LSN. As seen in Fig. 2A, the
retroaortic LSNs (yellow) had scant positional overlap with
the LSNs that joined the aortic plexus (blue, teal and
orange). When bilaterally present, the difference in posi-
tion where each side joined the superior hypogastric
plexus was rarely similar (mean Adietroaortic Lsn=2.6 =
12.9%). Additional descriptive statistics are presented in
Table 1.

To examine our prediction that adjacent LSNs on the
same side course in parallel (i.e. project at the same orienta-
tion angle), the Ap (refer to Fig. 2C) of each LSN was com-
pared. In line with this prediction, the left and right LSNs
were analyzed independent of one another. A significant
difference was observed for both the right [Kruskal-Wallis
H-test; %(3) = 19.8, P=0.00] and left LSNs [Kruskal-Wallis H-
test; 7%(3) = 10.1, P=0.02]. Post hoc analyses indicated the
Ap for the retroaortic LSNs (left mean rank Apretrozortic Lsn =
55.0; right mean rank Apretrozortic Lsn= 55.8) were signifi-
cantly different from all other nerves on the right (mean
rank Apist lowest Lsn = 25.8, mean rank Apang lowest Lsn = 33.3,
mean rank Apsqg jowest Lsn = 26.6), and from the lowest two
LSNs on the left (mean rank Apist jowest Lsn = 32.6, mean rank
AP2nd lowest Lsn = 34.4, mean rank AP3rd lowest LSN= 38.4). The
results of the analysis are shown in Fig. 7. It is important to
note that this trend was also often observed at the individ-
ual level, as illustrated in specimen #1849 (Figs 2C and 4).

Discussion

Variations in the LSNs adjoining the aortic and superior
hypogastric plexuses may complicate complete nerve spar-
ing during retroperitoneal surgery. As such, the present

Table 1 Descriptive statistics for the LSNs joining the infrarenal aortic plexus and superior hypogastric plexus. Nerves grouped inferiorly-superiorly
(1-4) and compared relative to the total infrarenal space (100%). Reported are the total number of splanchnic nerves identified and at which level.

LSN, lumbar splanchnic nerve.

Relative proximal position (%)

Relative distal position (%)

LSN order LSN (%) Mean SD Range Mean SD Range

Left 4™ Lowest 2 (8) 106.0 10.5 98.6-113.4 88.7 8.2 82.0-94.5
3" Lowest 12 (48) 107.7 233 76.6-159.1 79.6 18.7 51.0-115.6
2" Lowest 25 (100) 94.4 19.8 64.2-157.2 70.1 19.6 35.6-103.1
1°* Lowest 25 (100) 69.1 13.9 38.6-94.5 48.7 14.3 21.8-82.4
Retroaortic 12 (48) 12.4 15.1 —4.5-36.8 —-29.9 12.6 —-54.2—- -15.0

Right 3™ Lowest 8 (33) 103.2 1.4 82.9-121.3 77.0 15.4 50.5-94.5
2" Lowest 23 (96) 98.5 19.6 70.7-157.0 67.3 15.2 40.4-94.6
1% Lowest 24 (100) 70.6 11.2 82.9-121.3 46.0 12.2 24.1-68.3
Retroaortic 11 (46) 29.4 16.4 0.0-53.8 -23.7 11.6 —40.8- -5.0

© 2017 Anatomical Society



Fig. 3 A 3D model (click to activate) showing the average position
and course of the infrarenal lumbar splanchnic nerves (LSNs) as deter-
mined from the present study. The rostrocaudal positions of the LSNs
are drawn to scale relative to the infrarenal length. Adobe Acrobat
Reader is required to interact with the 3D model.

study used dissection of cadaveric specimens to quantify the
prevalence, course and positional deviations of the infrare-
nal LSNs. In doing so, our results also clarified the inconsis-
tency that is currently present in the literature regarding
the path of the LSNs that join the superior hypogastric
plexus below the bifurcation.

The LSNs joining the superior hypogastric plexus are
occasionally illustrated in anatomical images, yet the
course of these nerves relative to the common iliac ves-
sels varies between authors (see Introduction). In the pre-
sent study, this quandary was resolved by the fact that
all LSNs joining the superior hypogastric plexus invariably
coursed between the aorta/common iliac arteries and the
left common iliac vein (Figs 3-6). Despite exhibiting a
consistent course, retroaortic LSNs were variably present,

Infrarenal lumbar splanchnic nerves, T. S. Beveridge et al. 129

with confirmed unilateral absence in 11 (44%) specimens
and complete bilateral absence in three (12%) specimens.
However, when present, only one retroaortic LSN was
observed per side. This contrasts drawings by Learmonth
(1931) and descriptions from Woodburne & Burkel (1994)
that suggest both the third and fourth LSNs join the
superior hypogastric plexus. Although this arrangement
was not observed in the present population, the poten-
tial for additional retroaortic fibers could very well exist
in some people considering the acknowledged disorgani-
zation of lumbar sympathetic trunk ganglia that may pre-
dispose such a variation (Yeager & Cowley, 1948;
Mitchell, 1953; Webber, 1958; Hollinshead, 1971; Gray,
1973; Woodburne & Burkel, 1994; Mirilas & Skandalakis,
2010; Gandhi et al. 2013).

Despite the extreme variation of the lumbar sympathetic
nerves described in previous literature, recent qualitative
observations of the aortic plexus have suggested that it is
almost always bilateral in its organization, but not necessar-
ily symmetrical in its positioning (Beveridge et al. 20153,
2016a). Put another way, the aortic plexus often has
the same number of LSNs on its left and right sides, but
the position of these nerves may not be mirrored. Despite
only minor differences between the overall mean positions
of each LSN joining the aortic plexus (range Ad = 1.7-3.7%),
as seen in Fig. 2B, our results show large standard
deviations when averaging the positional differences of the
left- and right-matched LSNs within individuals (mean
Adetroaortic Lsn= 2.6 £ 12.9%, mean Adist lowest Lsn= 3.7 =
13.7%, mean Ad>ng jowest Lsn= 1.7 & 22.1%, mean Ads.q jow-
est Lsn=2.9 + 13.6%). This suggests that, on average, the
positions of the contralateral LSNs are similar yet, within an
individual, the position of a left LSN is rarely the same as
the associated right LSN, and vice versa. These data are con-
sistent with the suggestions and qualitative findings present
in the previous literature (Beveridge et al. 2015a, 2016a).

Given this clear positional variability of the infrarenal LSNs
joining the aortic plexus within individuals, landmarking
these fibers during surgery may be difficult to achieve. With
that said, our findings indicate that there are no LSNs

Fig. 4 A 3D representation of the data acquired from a single representative specimen (#1849). The first panel (0°) represents an anterior view of
the infrarenal region, then each subsequent panel rotates 60° clockwise around the rostrocadual axis (i.e. 180° represents the posterior view) IMA,

inferior mesenteric artery; SMA, superior mesenteric artery.
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Fig. 5 A photograph of the gross dissection of a typical right retroaortic lumbar splanchnic nerve (LSN; specimen #1854). (A) The course of the
retroaortic LSN cannot be clearly observed without moving the vasculature. For reference, the purple pin indicates the bifurcation of the aorta.
(B) Reflecting the right common iliac artery reveals the underlying retroaortic nerve (black arrow) and its connection with the superior hypogastric
plexus. (C) Lateral translation of the inferior vena cava reveals the entire course of the retroaortic nerve from the lumbar sympathetic trunk to the
superior hypogastric plexus. IVC, inferior vena cava.

© 2017 Anatomical Society
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Fig. 6 An anterior view of the infrarenal retroperitoneum showing
the aortic bifurcation and superior hypogastric plexus. The overlaid
superior hypogastric plexus (held up by forceps) is supplied by the
right and left cords of the aortic plexus. In addition, it is supplied
posteriorly by the right (arrowheads) and left (arrows) retroaortic
lumbar splanchnic nerves (LSNs). Note, in this specimen, the bilateral
retroaortic nerves converged into a common nerve immediately prior
to joining superior hypogastric plexus; a unique observation to this
study that has been briefly acknowledged in the previous literature
(Learmonth, 1931). IMA, inferior mesenteric artery; IVC, inferior
vena cava.
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adjoining the aortic plexus within the lower 21.8% (left)
and 24.1% (right) of the infrarenal abdominal aorta, with
98% (n = 118) originating from the sympathetic trunk above
the level of the inferior mesenteric artery. In addition, the
present study saw no evidence of a ‘preaortic’ LSN joining
the superior hypogastric plexus below the bifurcation. This
knowledge may be welcomed by surgeons tasked with
removing caudal interaortocaval masses, or those posterior
to the inferior mesenteric artery. Although the lower aspect
of the abdominal aorta does not have any LSNs adjoining
the aortic plexus, it is important to recognize the presence
of the lumbar sympathetic trunk and retroaortic LSN overly-
ing the anterior longitudinal ligament of the vertebral col-
umn in this region. As detailed above, the present study
clarified the path of these LSNs as they coursed ‘between’
the common iliac arteries and left common iliac vein (Figs 2,
5 and 6). In addition, it was noted that despite the similar
course (Ap) of the rest of the LSNs, the retroaortic LSNs are
significantly longer and course more inferiorly (P<0.05),
perhaps owing to their necessary descent along the anterior
vertebral column before extending to join the superior
hypogastric plexus. On average, the retroaortic LSNs joined
the superior hypogastric plexus 29.9 4+ 12.6% (left) and
23.7+11.6% (right) of the infrarenal abdominal aortic
length ‘inferior’ to the bifurcation. Considering the function
of the retroaortic LSNs remains unknown, surgeons attempt-
ing presacral lymphandectomies should consider sparing
these fibers when possible (in addition to the sacral and pel-
vic splanchnic nerves, more inferiorly). Furthermore, surg-
eries that attempt to circumnavigate the superior
hypogastric plexus should be aware of these fibers given the
aforementioned anatomy and possible risk for iatrogenic
injury when mobilizing the superior hypogastric plexus.

In conclusion, the present study commonly observed two
to three infrarenal LSNs joining the aortic plexus that varied
greatly in rostrocaudal position. Within specimens, the posi-
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Fig. 7 A box-whisker plot showing the difference in rostrocaudal position (Ap) of the origin and termination of each group of infrarenal lumbar
splanchnic nerves (LSNs) on the right (A) and left (B) side of the body. Outliers, calculated by sess, are represented by hollow dots. Significance at
the P<0.05 level is denoted with an asterisk. As shown, the LSNs joining the aortic plexus typically course in parallel, whereas the length and

angle of the retroaortic LSNs on each side are significantly different. Note, the 3rd lowest LSN on the left was not significantly different from any

other nerve.
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tion of the LSNs on one side rarely predicted the position of
the contralateral nerves; however, adjacent nerves on the
same side joining the aortic plexus typically coursed in par-
allel to one another. More inferiorly, retroaortic LSNs were
observed in the majority (85%) of specimens, present both
unilaterally and bilaterally with no obvious predominance
to a particular side. Of note, the retroaortic LSNs exhibited
a significantly different (more inferior) course relative to
the LSNs joining the aortic plexus. Specifically, the retroaor-
tic LSNs coursed between the common iliac arteries and the
left common iliac vein before joining the superior hypogas-
tric plexus below the bifurcation. Because the precise com-
ponents of the retroperitoneal sympathetic plexuses
involved in ejaculation still remain unknown, complete
nerve sparing, when possible, remains the most prudent
surgical approach. Ultimately, we are optimistic that the
collective findings of the present study will further inform
anatomists as well as benefit surgeons tasked with navigat-
ing and sparing these delicate structures during retroperi-
toneal and pelvic surgeries. Further studies are
recommended to explore the specific role of the individual
nerves described in this manuscript as they pertain to semi-
nal emission and antegrade ejaculation to allow further
refinement of nerve-sparing techniques.
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