European Spine Journal (2019) 28:835-841
https://doi.org/10.1007/s00586-018-5803-x

ORIGINAL ARTICLE

@ CrossMark

Anatomic evaluation of retroperitoneal organs for lateral approach
surgery: a prospective imaging study using computed tomography
in the lateral decubitus position

Jun Ouchida’ - Tokumi Kanemura' - Kotaro Satake' - Hiroaki Nakashima' - Naoki Segi’

Received: 7 May 2018 / Accepted: 20 October 2018 / Published online: 30 October 2018
© Springer-Verlag GmbH Germany, part of Springer Nature 2018

Abstract

Purpose The aim of this study is to investigate retroperitoneal organ distribution with the retroperitoneal approach in the
lateral decubitus position.

Methods We enrolled 100 patients scheduled for lateral approach surgery, including LIF and lateral corpectomy. We per-
formed computed tomography with lateral decubitus positioning (L-CT) to assess the position of the organs, including
abdominal aorta, kidney, descending colon, ureter, and gonadal artery. Anteroposterior organ positions were divided into four
zones: A, anterior to the anterior margin of the vertebral body; AL, anterior margin to the middle line of the vertebral body;
PL, middle line to the posterior margin of the vertebral body; and P, posterior to the posterior margin of the vertebral body.
We defined zone PL-P as the “approach zone.” Measurements obtained using L-CT were compared with those obtained in
the conventional supine position (S-CT).

Results Retroperitoneal organs in the approach zone significantly decreased in lateral positioning. Eighty-three percent of
kidney and 20% of descending colon remain in the approach zone in L-CT. Sixty-six percent of disk levels recorded for the
descending colon in zone P in S-CT remained in the approach zone even in L-CT.

Conclusions We observed anterior migration in L-CT in all retroperitoneal organs. However, a considerable percentage of
kidney and that of descending colon remain obstruent while performing LIF. We discuss that the preoperative imaging evalu-
ation is beneficial, and gentle and meticulous surgical detachment is essential for safe and reliable lateral approach surgery,
especially in the case that the descending colon extends outside zone P in S-CT.

Graphical abstract These slides can be retrieved under electronic supplementary material.
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Introduction

Lateral interbody fusion (LIF) is an established lateral
approach surgical procedure for spinal fusion used to treat
patients with instability, deformity, or lumbar canal stenosis
[1-10]. It offers advantages including minimal invasion and
lesser blood loss during surgery, greater surface for fusion,
and higher preparation of the end plate for indirect decom-
pression [2, 3, 5, 7, 9]. However, use of the retroperitoneal
approach may result in critical intraoperative complications
such as injury to the nerves, colon, ureter, great vessels, or
other retroperitoneal organs [4-6, 8, 9, 11-18]. To prevent
nerve injury, directional electromyography neuromonitoring
devices have been used, and they are found to be clinically
effective. Surgeons attempt to prevent organ injury by per-
forming visual checks and palpating with fingers and protect
the organs from surgical instruments and disk manipulation
using retractors. Vascular and visceral injuries represent
severe, life-threatening surgical complications and are some-
times difficult to diagnose intraoperatively [12, 15, 18].

Retroperitoneal organs show considerable anatomical
variation [12, 19-24]. Therefore, evaluation of the position
or malformation using preoperative computed tomography
(CT) scans is useful to estimate intraoperative complica-
tions [20]. Although the surgical procedure is performed in
the lateral decubitus position, few reports have conducted
anatomical measurements of retroperitoneal organs in this
position. This study aimed to investigate the distribution of
retroperitoneal organs with the retroperitoneal approach in
the lateral decubitus position.

Fig. 1 Anterior migration of ret-
roperitoneal organs in computed
tomography (CT) with lateral
decubitus positioning (72-year-
old female with lumbar canal
stenosis). a CT in conven-
tional supine position; b CT in
lateral decubitus position. AA,
abdominal aorta; DC, descend-
ing colon (posterior edge); U,
ureter; and GA, gonadal artery.
b Kidney position was obtained
at the maximum anteroposterior
diameter. K, kidney (posterior
edge)
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Materials and methods
Subjects

A total of 100 consecutive patients scheduled to undergo
lateral approach surgery, including LIF and lateral vertebral
corpectomy, were enrolled from January 2015 to November
2016 at a single institution. We excluded patients who were
unable to maintain a lateral decubitus position during the
examination, had undergone surgeries affecting the retro-
peritoneal space (such as colorectal surgery and urologic
surgery), or had degenerative scoliosis (Cobb’s angle > 30°).
Patients under the age of 55 were also excluded from this
series due to concern over gonadal exposures. The following
concomitant diagnoses were present: lumbar canal stenosis
(n=49), spondylolisthesis (n=138), osteoporotic late col-
lapse (n=9), and burst fracture of the vertebral body (n=4).

We performed a contrast-enhanced CT with supine posi-
tioning (S-CT) to detect vascular malformations and ana-
tomical features of the major and minor vessels, ureter, and
other organs for this surgical approach. A plane CT with left
side up lateral decubitus positioning (L-CT) was also per-
formed to assess the position of retroperitoneal organs with
the retroperitoneal approach. CT settings were optimized to
reduce the effective dose of radiation during the examina-
tion. These measurements, which were obtained using L-CT,
were compared with those obtained using conventional S-CT
(Fig. 1). The study was approved by our hospital’s Institu-
tional Review Board, and each participant signed a written
consent form after admission.

Methods for CT scan in lateral decubitus position

In L-CT, patients were placed in a position with 30° hip
flexion and 30° knee flexion to ensure the posture could
be easily maintained on the CT table. A pillow was placed
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to support the patient’s head, and they were instructed to
place their forearm under their head to prevent artifacts. A
64-line multi-slice CT (Light Speed VCT; GE Healthcare
Bio-Sciences, Piscataway, NJ, USA) was used for the CT
examination in both S-CT and L-CT.

Evaluation of retroperitoneal organs

Distribution of retroperitoneal organs was evaluated by both
S-CT and S-CT in a reconstructed axial view at each disk
level. The examination included the abdominal aorta, kid-
ney, descending colon, ureter, and gonadal artery. Anter-
oposterior positions of these organs were divided into four
zones with regard to the vertebral body: Zone A was ante-
rior to the anterior margin of the vertebral body; zone AL
extended from the anterior margin to the middle line of the
vertebral body; zone PL extended from the middle line to the
posterior margin of the vertebral body; and zone P was pos-
terior to the posterior margin of the vertebral body (Fig. 2).
Except for the kidney, organ positions were evaluated at each
disk level (L.1/2-L.4/5). Kidney position was obtained at the
maximum anteroposterior diameter. Measurement points
were set at posterior margin of the abdominal aorta, kidney,
and descending colon and at the center of the ureter and
gonadal artery. We defined zone A—AL in L-CT, in which
these organs are normally extracted from the surgical field
using the retractor, as the “safety zone” and zone PL-L in
L-CT as the “approach zone.”

Statistical analysis

StatMate software (ATMS Co., Ltd, Tokyo, Japan) was
used for statistical analyses. All values are expressed as
mean + standard deviation. The Chi-square test was used to
determine any significant differences in the deviations of
organs between S-CT and L-CT. Statistical significance was
set at P<0.05.

Fig.2 Measurement of retrop-
eritoneal organs. a Anteropos-
terior organ positions were
divided into four zones (A, AL,
P, and PL) with regard to the
vertebral body. AA, abdominal
aorta; DC, descending colon
(posterior edge); U, ureter; and
GA, gonadal artery. b Kidney
position was obtained at the
maximum anteroposterior diam-
eter. K, kidney (posterior edge)

Results

Patients consisted of 42 males and 58 females, with an
average age of 71.8 years (55-85 years) at the time of sur-
gery. Mean body mass index (BMI) was 23.8 + 3.4 kg/m>.
We observed anterior migration of retroperitoneal organs
in L-CT (Table 1). In all measurements in both S-CT and
L-CT, the abdominal aorta was located in zone A. The
descending colon showed individual variation in S-CT.
While the frequency of occurrence of the descending colon
in zone A increased, 20% of all measurements remained in
the approach zone even in L-CT. For the ureter and gonadal
artery, deviations measured in the approach zone in L-CT
were quite low. The occurrence of almost all retroperito-
neal organs which are the descending colon, the ureter, the
gonadal artery, and the kidney in the approach zone was sig-
nificantly lower in L-CT than in S-CT (Table 2). However,
the frequency of the descending colon and kidney in the
approach zone in L-CT was 20% and 82%, respectively. In
terms of the migration of the descending colon in each zone,
66% of the descending colon recorded in zone P in S-CT
remained in the approach zone, even in L-CT (Table 3).

Discussion

LIF is an established surgical procedure for spinal fusion
to treat patients with trauma, degenerative, or deformity
diseases. Additionally, using a specially designed retrac-
tor, LIF offers advantages, including less tissue trauma and
lesser blood loss during the surgery [2-5, 7, 9, 10]. Com-
plications associated with lateral approach surgery on the
lumbar spine have been previously reported [4-6, 8, 9,
11-18]. These include vascular, colonic, and ureter inju-
ries, which occur relatively infrequently, but are sometimes
life threatening and negatively influence a patient’s quality
of life. If these complications occur, they require additional
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Table 1 Results S-CT L-CT
A (%) AL (%) PL (%) P (%) A (%) AL (%) PL (%) P (%)

Abdominal aorta
L1/2 44 56 0 0 L1/2 60 40 0 0
L2/3 66 44 0 0 L2/3 70 30 0 0
L3/4 88 12 0 0 L3/4 92 0 0
L4/5 87 13 0 0 L4/5 92 8 0 0
Total 67 33 0 0 Total 77 23 0 0
Descending colon
L1/2 42 23 26 10 L1/2 73 12 8 8
L2/3 33 21 24 21 L2/3 71 16 10 3
L3/4 12 41 21 26 L3/4 66 13 22 0
L4/5 6 29 38 26 L4/5 53 18 26 3
Total 23 29 21 27 Total 65 15 16 4
Ureter
L1/2 23 54 15 8 L1/2 70 20 10 0
L2/3 20 67 13 0 L2/3 90 10 0 0
L3/4 35 62 3 0 L3/4 82 18 0 0
L4/5 59 41 0 0 L4/5 82 18 0 0
Total 37 56 6 1 Total 83 16 1 0
Gonadal artery
L12 100 0 0 0 L1/2 100 0 0 0
L2/3 76 6 3 15 L2/3 97 3 0 0
L3/4 59 41 0 0 L3/4 91 9 0 0
L4/5 56 41 3 L4/5 94 6 0 0
Total 66 28 2 5 Total 94 6 0 0
Kidney

0 3 6 91 3 15 26 56

Table 2 Frequency of retroperitoneal organs in the approach zone (%)
in supine and lateral positioning

Organs S-CT (%) L-CT (%) P
Abdominal aorta 0 0 NS
Descending colon 48 20 <0.001
Ureter 0.07
Gonadal artery 7 0 0.02
Kidney 97 82 <0.01

Statistical analysis was performed by Chi-square test. Lateral, lateral
positioning; NS, nonsignificant; and supine, supine positioning

treatment by a general surgeon, urologic surgeon, or other
professional surgical team and lead to prolonged hospitaliza-
tion and increased cost [7, 12—-15, 17, 18]. Moreover, due to
smaller incisions and a narrow surgical field, these injuries
are often caused by blinded manipulation and are sometimes
escape the surgeon’s notice. Although the surgical procedure
is performed in the lateral decubitus position, few studies
have conducted anatomical measurements of retroperitoneal
organs in this position. To the best of our knowledge, this is
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the first study to investigate the distribution of retroperito-
neal organs with the retroperitoneal approach in the lateral
decubitus position.

We found anterior migration in L-CT of all retroperito-
neal organs. The ureter and gonadal artery moved to the
safety zone in most cases in the lateral decubitus position.
These organs run along the psoas major muscle, and it is
possible that movement of the psoas major muscle accompa-
nied by hip joint flexion shifts the organs forward during LIF
in the lateral decubitus position. As such, using the trans-
psoas approach in the lateral decubitus position is expected
to reduce the risk of injury to the ureter and gonadal artery.

A certain percentage of the kidney and descending colon
remained in the approach zone in L-CT. Two-third of the
disk levels recorded for the descending colon in zone P in
S-CT remained posterior to the anterior margin of the ver-
tebral body (zones AL, PL, or P) even in L-CT. In com-
parison with previous studies, Hopper et al. reported that
the frequency of occurrence of the bowel found posterior
to the kidneys (retrorenal colon) according to a CT scan
was 4.7% in the prone position [22]. They showed that the
retrorenal colon was exclusively found at the level of the
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Table 3 Migration of the L-CT
descending colon in the lateral
decubitus position by zone (A, Zone A AL PL P
AL, PL, P)
A 96 4 0 0
S-CT AL 96 0 4 0
PL 60 27 13 0
P 13 21 56 10
(%)
Safe zone Approach zone ‘

The descending colon in zone P in S-CT remained in the approach zone even in L-CT with high
frequency. L-CT, computed tomography in lateral decubitus position; S-CT, computed tomography
in conventional supine position

lower renal poles. Prassopoulos et al. reported the results of
1203 consecutive CT examinations [23]. They found that the
frequency of occurrence of the descending colon between
the kidney and the psoas muscle was 0.7%, with a higher
frequency in females, young adults, and individuals with
less intra-abdominal fat. In the current study, a total of five
patients (5%) showed the colon posterior to the margin of
the kidneys, which is only 16% of cases that the descending
colon showed low anterior migration and remained in the
approach zone in the lateral decubitus position. Definitively
determining which factors implicate the remaining parts of
the colon in the approach zone in L-CT is beyond the scope
of this study. Further research is needed to determine the risk
factors predicting the colon’s existence in the approach zone
in the lateral decubitus position.

Some spine surgeons may have a misunderstanding that
the peritoneum and its content or retroperitoneal content
should be automatically mobilized anteriorly by the lateral
decubitus position and could create enough retroperitoneal

Fig.3 An illustrative case
(70-year-old female with lumbar
canal stenosis). a Computed
tomography in lateral decubitus
position (L-CT); b intraopera-
tive finding. a The descending
colon remains in the approach
zone even in L-CT (arrow). b
Membrane (*) containing the
descending colon protrudes
between the retractor arms into
surgical line of view

space to allow subsequent lateral access. However, the
results of this study show that in two-third of cases, the
descending colon remained in the approach zone of LIF even
in the lateral decubitus position.

While performing LIF, these organs are evacuated from
surgical instruments using the retractor and/or palpation by
the fingers to avoid injury. In Fig. 3, we present an illustra-
tive case of a 70-year-old female with lumbar canal stenosis.
This case showed that the descending colon remained in
the approach zone even in L-CT, and intraoperative find-
ings indicated that the parietal peritoneum containing the
descending colon protruded between the retractor arms into
the surgical line of view. Due to its fluidity, we believe that
there is a considerable risk of colonic injury due to scratch-
ing by sharp instruments such as curettes and scalpels or
punches to the protruding part of the colon by the retractor.
Being surrounded by fatty tissue, the colon can be difficult
to notice, and surgeons must therefore pay close attention
in cases where retroperitoneal organs exist in the approach
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zone. There is a potential risk of colonic injury in cases
where the descending colon exists in the approach zone
during LIF. In these cases, the decision to use an alterna-
tive method of spinal fusion (e.g., posterior lumbar fusion)
is a possible solution to prevent colonic injuries. Although
colonic injuries occur infrequently, they can be critical and
life threatening [7, 12—15, 17, 18].

To avoid these fetal visceral complications during sur-
gery, individual anatomic assessment and identification of
the pathway for exposure to the posterior pararenal space in
preoperative images is beneficial, and gentle and meticulous
surgical detachment is essential for safe and reliable lateral
approach surgery [24].

There were a few limitations to the present study. First,
we could not discuss the influence of lateral bending. Lateral
bending postures are mainly induced during LIF using the
surgical bed, which can bend. It is possible that retroperito-
neal organs may behave differently when lateral bending is
induced simultaneously in the lateral decubitus position. It
is difficult to investigate imaging under lateral bending using
a non-portable CT system.

Another limitation of this study was that all patients were
Japanese. Mean BMI of the sample was relatively low; thus,
it is unclear whether study results can be generalized to
other populations with thicker fatty tissue in the peritoneal
space. Study results can be more suitably applied to Asian
populations.

In conclusion, we observed anterior migration in L-CT
of all retroperitoneal organs. Placing patients in the lateral
decubitus position during LIF reduces the risk of injury to
the retroperitoneal organs to some extent. However, a con-
siderable percentage of the kidney and that of descending
colon remain obstruent while performing LIF. We empha-
size the importance of preoperative imaging evaluation and
meticulous attention with securing visible surgical field dur-
ing surgery, especially in cases where the descending colon
extends outside zone P in S-CT.
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