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ORIGINAL ARTICLE SPINE SURGERY AND RELATED RESEARCH

Integrated anatomy of the neuromuscular, visceral, vascular, and
urinary tissues determined by MRI for a surgical approach to
lateral lumbar interbody fusion in the presence or absence of
spinal deformity
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Abstract:
Introduction: To comprehensively investigate the anatomy of the neuromuscular, visceral, vascular, and urinary tissues

and their general influence on lateral lumbar interbody fusion (LLIF) surgery in the presence or absence of spinal deform-

ity.

Methods: We retrospectively reviewed 100 consecutive surgery cases for lumbar degenerative disease of patients aged on

average 70.5 years and of which 67 were women. A sagittal vertical axis deviation of more than 50 mm was defined as

adult spinal deformity (ASD: 50 patients). The degenerative disease of the other patients was defined as lumbar spinal

stenosis (LSS: 50 patients). We analyzed the relative anatomical position of the psoas major muscle, lumbar plexus, femoral

nerves, inferior vena cava, abdominal aorta and its bifurcation, ureter, testicular or ovarian artery, kidney and transverse ab-

dominal muscle in patients with ASD or with LSS, using preoperative magnetic resonance imaging (MRI).

Results: For patients with ASD, the L4-5 intervertebral disk was closer to the lumbar nerve plexus than it was in those

with LSS (p < 0.0001), and a rising psoas sign at the L4-5 disk was significantly more frequent in patients with ASD than

in those with LSS (p < 0.05). The aortic bifurcation frequently appeared at the level of L4-5 in patients with either degen-

erative disease, so the common iliac artery may pass near the disk. The inferior vena cava passed closer to the center of the

L4-5 disk in patients with ASD than it did in those with LSS (p < 0.05). The transverse abdominal muscle at L2-3, L3-4,

and L4-5 was closer to and less than 3 mm from the kidneys in many more patients with ASD than was the case for pa-

tients with LSS (p = 0.3, p < 0.05, p = 0.29, respectively).

Conclusions: We recommend careful preoperative MRI to determine the location of organs to help to avoid intraoperative

complications during LLIF surgery, especially for patients with ASD.
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Introduction

Lateral lumbar interbody fusion (LLIF) surgery is increas-

ingly used as an alternative to traditional approaches be-

cause it is a less invasive surgical technique, characterized

by smaller skin incisions, a smaller amount of bleeding, and

direct and wide visualization. The lateral retroperitoneal and

transpsoas approaches to the intervertebral disk are safe and

facilitate quicker access to the target region than traditional

anterior transperitoneal or extraperitoneal approaches,

thereby avoiding lumbar nerve plexus damage and paraverte-

bral muscular and ligamentous disruption by using a dilator

integrated with neuroelectromyographic monitoring1-3). Use

of a large lordosis cage allows the attainment of a solid and

stable intervertebral disk space, providing strong anterior

support for interbody distraction and disk height restoration,

and achievement of favorable sagittal and coronal physi-

ological curvature after appropriate interbody cage place-

ment in LLIF4). In addition, the current procedure results in

correction of spondylolisthesis and rotatory deformity, and
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indirect nerve decompression by ligamentotaxis force, espe-

cially for the anterior longitudinal ligament5). Benefits of

LLIF include decreased postoperative pain, shorter hospital

stay, and faster return to ordinary daily living. However, sev-

eral complications peculiar to LLIF have been reported;

these complications include damage to blood and lymphatic

vessels, nerves, ureters, and viscera, sometimes causing sex-

ual dysfunction, experienced after an anterior approach1,6-8).

To reduce complications correlated with an extreme lateral

approach, careful preoperative anatomical investigation is es-

sential.

During LLIF surgery, the retroperitoneal space is trans-

versed and the psoas major muscle bluntly separated, re-

tracting the muscles and lumbar nerve plexus. The location

of the psoas major muscle and the course of the lumbar

nerve plexus or nerve roots, bowel, ureters, and vessels are

different in each patient, and at each intervertebral disk

level. In addition, the relative anatomical locations of these

structures are changed in the case of spinal deformity. How-

ever, to our knowledge, the relevant anatomy to elucidate

the differences resulting from intervertebral disk level and

the presence of spinal deformity has not been studied in de-

tail. The purpose of current study was to investigate the

anatomy of neuromuscular, visceral, vascular, and ureteral

tissues with respect to the LLIF surgical procedure and to

clarify anatomical variance in cases of spinal deformity.

Materials and Methods

We retrospectively reviewed 100 consecutive surgical

cases of lumbar degenerative disease treated at our univer-

sity hospital from July 2014 to September 2015. We in-

cluded a cohort of 67 female and 33 male patients with a

mean age of 70.5 (range 53 to 85) years in this study. A

sagittal vertical axis (SVA) of less than 50 mm, lumbar lor-

dosis of more than 30°, and a Cobb angle of less than 10°

were defined as lumbar spinal stenosis (LSS)9). In this study,

a SVA of more than 50 mm was defined as adult spinal de-

formity (ASD)10). Surgery for LSS was performed on 50 pa-

tients, whereas the other 50 patients underwent surgery for

ASD. The grouping was determined independently by two

physicians. Patients with previous back surgery, lumbar disk

herniation, vertebral fracture, isthmic spondylolisthesis, tu-

mor, or inflammatory diseases were excluded.

Magnetic resonance imaging (MRI) was obtained via a 3

T system (GE Medical Systems, Milwaukee, WI, USA).

Preoperative axial T1- and T2-weighted continuous images

adjusted to each intervertebral disk space were obtained at

3.5 mm slice intervals. We analyzed the location of the

psoas major muscle, lumbar nerve plexus, femoral nerve,

and inferior vena cava at the level of the L2-3, L3-4, and

L4-5 disks according to Kepler’s method11). In addition, we

analyzed the relative locations of the abdominal aorta and its

bifurcation, testicular or ovarian arteries, kidneys, and trans-

verse abdominal muscle. We determined the anterior-to-

posterior diameter of the psoas major muscle, and the dis-

tance from the anterior edge of the psoas major, anterior as-

pect of the lumbar nerve plexus, anterior aspect of the femo-

ral nerve, posterior edge of the inferior vena cava, ureter,

and testicular or ovarian artery to the anterior edge of the

disks, the distance from the abdominal aorta to the lateral

aspect of the disks, the tendency of bifurcation of the aorta,

and the distance from the posterior edge of the kidneys to

the anterior edge of the transverse abdominal muscle.

Statistical analysis

Data were analyzed using a two-sided Student t test or

Fisher exact test to determine significant differences. All sta-

tistical calculations were performed using Prism version 4.0

(Graph Pad Software, La Jolla, CA, USA). For all tests, p <

0.05 was considered statistically significant.

Results

Distribution of the psoas major muscle

There was no significant difference in the anterior-to-

posterior diameter of the psoas major muscle between pa-

tients with ASD or with LSS. The anterior edge of the mus-

cle was located significantly more forward of the anterior

edge of the L3-4 and L4-5 disks in patients with ASD than

it was in patients with LSS (p < 0.05; Fig. 1A). A rising

psoas sign, which was defined as a more than 10 mm ante-

rior position of the anterior edge of the psoas major from

the anterior edge of the L4-5 disk, was significantly more

frequent in patients with ASD than in those with LSS (p <

0.05; Fig. 1B).

Location of the lumbar nerve plexus and the femoral nerve

The distance from the anterior aspect of the lumbar nerve

plexus to the anterior edge of the disk was significantly

greater in patients with LSS than in those with ASD (L2-3:

p < 0.005, L3-4: p < 0.05, L4-5: p < 0.0001; Fig. 2A). The

distance from the anterior aspect of the femoral nerve to the

anterior edge of the L3-4 disk and to the L4-5 disk was also

significantly greater in patients with LSS than in those with

ASD (L3-4: p < 0.0005, L4-5: p < 0.0001; Fig. 2B).

Location of the aorta

The distance from the abdominal aorta to the lateral as-

pect of the L4-5 disk was significantly greater in patients

with ASD than in those with LSS (p < 0.05), whereas there

was no significant difference in the distance for L2-3 or L3-

4 (Fig. 3A). There was no occurrence of aortic bifurcation at

L3-4, whereas the bifurcation appeared frequently at L4-5 in

patients with either disorder (LSS 60%, ASD 60%).

Location of the inferior vena cava

The distance from the posterior edge of the inferior vena

cava to the anterior edge of the L4-5 disk was significantly

greater in patients with ASD than in those with LSS (Fig. 3

B). However, there were significantly more cases of ASD
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Figure　1.　
A: The diameter and relative location of the psoas major muscle at the levels of the L2-3, 

L3-4, and L4-5 disks were analyzed according to Kepler’s method using preoperative axial 

T1- and T2-weighted continuous magnetic resonance imaging. There was no significant dif-

ference in the anterior-to-posterior diameter of the psoas major muscle between patients 

with ASD or with LSS. The anterior edge of the psoas major was located significantly more 

forward of the anterior edge of the L3-4 and L4-5 disks in patients with ASD than in those 

with LSS.

B: A rising psoas sign, defined as where the anterior edge of the psoas major was more than 

10 mm anterior of the anterior edge of the disk, was found significantly more frequently at 

L4-5 (p<0.05) in patients with ASD than in those with LSS.

than of LSS for which the distance was greater than 10 mm

at L3-4 (LSS 10%, ASD 20%: p < 0.05) and at L4-5 (LSS

8%, ASD 30%: p < 0.05).

Location of the ureter and testicular or ovarian artery

The distance from the ureter to the anterior edge of the

disk was not significantly different between patients with

ASD or with LSS at the level of L2-3, L3-4, or L4-5 (Fig.

4). The distance from the testicular or ovarian artery to the

anterior edge of the disk was not significantly different be-

tween patients with ASD or with LSS at either L3-4 or L4-5

(Fig. 4).

Location of the kidney

The distance from the posterior edge of the kidney to the

anterior edge of the transverse abdominal muscle was not

significantly different between patients with ASD or with

LSS at the level of the L2-3, L3-4, or L4-5 disk (Fig. 5).
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Figure　2.　The locations of the lumbar nerve plexus and femoral nerve in patients with 

lumbar spinal stenosis (LSS) or with adult spinal deformity (ASD).

A: The distance from the anterior aspect of the nerve plexus (diamond) to the anterior edge 

of the disk was significantly greater at the levels of L2-3 (p<0.005), L3-4 (p<0.05), and 

L4-5 (p<0.0001) in patients with LSS than in those with ASD.

B: The distance from the anterior aspect of the femoral nerve (circle) to the anterior edge of 

the disk was significantly greater at L3-4 (p<0.0005) and L4-5 (p<0.0001) in patients with 

LSS than in those with ASD.

However, there were significantly more cases of ASD than

of LSS for which the distance was greater than 3 mm at L2-

3 (LSS 30%, ASD 50%: p = 0.03), at L3-4 (LSS 22%, ASD

32%: p < 0.05), and at L4-5 (LSS 12%, ASD 20%: p =

0.03).

Discussion

Reported complications for the LLIF procedure are reop-

eration at 1.8%, neural deficits at 7%, and total incidents at

6.7% in 600 patients8). Another report presented a complica-

tion rate of 35.1% for LLIF surgery for 160 patients12). Pre-

cise anatomical knowledge is essential to avoid intra- and

postoperative complications.

Anatomical relationships between the lumbar nerve plexus

and major blood vessels, lumbar psoas major muscle and

abdominal large vessels, and lumbar psoas major muscle

and lumbar nerve plexus as related to LLIF procedures have

been investigated separately11,13-15). Cadaveric study revealed

that all parts of the lumbar nerve plexus are located from

the dorsal quarter of the L4 vertebral body and dorsally at

the level of L2-3 and above. The genitofemoral nerve de-

scends obliquely forward through the psoas major muscle,

emerging on the abdominal surface between the cranial third

of the L3 vertebra and the caudal third of the L4 vertebra14).

The safety zone to avoid nerve injury was considered to be

L4-5 and above. Another study examined the course of the

lumbar nerve plexus using magnetic resonance neurography

(MRN) in 35 patients. MRN imaging clearly showed the

lumbar nerve plexus at the dorsal half of L4-5 on the left

and right sides16).

However, a general and comprehensive anatomical investi-

gation including muscles, blood vessels, nerve plexus, femo-

ral nerve, and kidney together has not been reported. In ad-

dition, the relative anatomical locations of these structures

may vary and be located unusually in the case of spinal de-
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Figure　3.　The relative locations of the lumbar aorta and vena cava in patients with lumbar 

spinal stenosis (LSS) or with adult spinal deformity (ASD).

A: The distance from the abdominal aorta (diamond) to the lateral aspect of the disk was 

significantly greater at the level of L4-5 (p<0.05) in patients with ASD than in those with 

LSS, whereas no significant difference was found for L2-3 or L3-4.

B: The distance from the posterior edge of the inferior vena cava (circle) to the anterior edge 

of the L4-5 disk was significantly greater in patients with ASD than in those with LSS 

(p<0.05).

formity. To our knowledge, the present study is the first to

compare the relative location of tissues and organs in the

presence or absence of spinal deformity.

Patients showing a rising psoas sign may be susceptible to

nerve impairment, including that to the lumbar nerve plexus

and femoral nerve, especially at the level of the L4-5 disk17).

We found the anterior-to-posterior diameter of the psoas ma-

jor muscle for the ASD and LSS groups was not signifi-

cantly different, whereas the rising psoas sign was signifi-

cantly more frequent in patients with ASD than in those

with LSS at the level of the L4-5 disk. The distance from

the anterior edge of the psoas major to the anterior edge of

the disk, which is the working space in LLIF procedures,

was significantly shorter in patients with ASD than in those

with LSS. The distance from the anterior edge of the disk to

the lumbar plexus at L2-3, L3-4, or L4-5 or the femoral

nerve at L3-4 or L4-5 was significantly less in patients with

ASD than in those with LSS. Therefore, patients with ASD

may be more susceptible to nerve complications than those

with LSS. It was difficult to specify the location of the geni-

tofemoral nerve from preoperative imaging.

In the present study, we found no significant difference in

the distance from the abdominal aorta to the lateral aspect

of the disk, which is the working space in LLIF procedures,

between patients with LSS and those with ASD at the level

of L2-3 and L3-4, whereas it was significantly closer in

those with LSS at the level of L4-5. There was no signifi-

cant difference in the location of the bifurcation of the ab-

dominal aorta between patients with either disorder. Intraop-

erative vascular injury to the iliac artery and postoperative

thromboembolic events as complications of anterior lumbar

interbody fusion (ALIF) have been reported18,19). There was a
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Figure　4.　The relative locations of the ureter (diamond) and the testicular or ovarian ar-

tery (circle) in patients with lumbar spinal stenosis (LSS) or with adult spinal deformity 

(ASD).

A: The distance from the ureter to the anterior edge of the disk was not significantly differ-

ent between patients with ASD or with LSS at the level of L2-3, L3-4, or L4-5.

B: The distance from the testicular or ovarian artery to the anterior edge of the disk was not 

significantly different between patients with ASD or with LSS at L3-4 or at L4-5.

tendency for major vascular injury during the anterior ap-

proach of 0% to 15.6%, most frequently at L4-520-23). One

case of LLIF-surgery-related perforation of the aorta re-

quired emergency laparotomy and vascular suture repair24).

Many cases of anomalies of the aorta, including the location

of the bifurcation, have been reported24,25). In the present

study, the bifurcation appeared frequently at the level of the

L4-5 disk in patients with either LSS or ASD, so the com-

mon iliac artery may run near the disk. Taken together, pre-

operative imaging is essential to identify the location and

course of the aorta, the location of its bifurcation, and the

location of the more caudally located common iliac artery,

to avoid lethal intraoperative vascular injury.

More common than arterial injuries are venous injuries

when mobilizing or retracting veins and exposing the lum-

bar spine anteriorly26,27). In addition, vascular variations in

veins, including the iliolumbar vein, were found in more

than 25% of patients undergoing anterior lumbar surgery23).

Other venous anomalies, including a duplicated inferior vena

cava in the retroperitoneum, have been reported and can re-

sult in both misdiagnosis and surgical complications28). An

anatomical study of the LLIF approach using a cadaver re-

vealed the distribution of the right common iliac vein at L4-

5 and presence of aberrant veins traversing disk space and

suggested vertically running vascular anastomoses29). Imag-

ing analysis using 3D computed tomography (CT) identified

the location of the major artery and vein at L3-4 and L4-5

and revealed location differences according to sex30). The

present study showed that the distance from the posterior

edge of the inferior vena cava to the anterior edge of the

L4-5 disk was significantly greater in patients with ASD

than in those with LSS. In patients with ASD, this distance

at L3-4 and L4-5 was more often greater than 10 mm than

it was in patients with LSS. The course of the inferior vena

cava in patients with ASD was nearer the center of the disk

at L3-4 and L4-5, thereby providing a narrower working

space for LLIF, than it was in patients with LSS. Therefore,

we strongly recommend preoperative imaging to avoid criti-

cal venous accidents in patients with ASD.

There are some reports of the presence of urinary tract

anomalies in patients undergoing surgery1,32). When ap-

proaching to the pararenal space, there is a possibility of in-

juring the external membrane of the urinary tract. The pre-

sent study demonstrated no significance difference in the

course of the ureter for patients with ASD or with LSS.

Intraoperative colonic injury during percutaneous neph-
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Figure　5.　The relative location of the kidney in pa-

tients with lumbar spinal stenosis (LSS) or with adult 

spinal deformity (ASD).

The distance from the posterior edge of the kidney to 

the anterior edge of the transverse abdominal muscle 

at the level of the L2-3, L3-4, or L4-5 disk was not 

significantly different between patients with ASD or 

with LSS.

rolithotomy (PNL), a common procedure for patients with

renal calculi, has been reported33,34). Among 804 patients who

underwent PNL, 394 with abdominal CT images were retro-

spectively reviewed. The retrorenal colon positioning was

such that the ascending or descending colon was located be-

tween the posterolateral border of the psoas major muscle

and the kidney in 27 cases (6.9%), including 18 (4.6%) on

the left side, 4 (1.0%) on the right side, and 5 (1.3%) on

both sides. Colonic perforation injuries were seen in 2 cases

(0.3%)35). The percutaneous procedures around the inferior

pole of the kidney in PNL may result in retrorenal colon in-

jury. A retrorenal colon accompanied by advanced scoliosis

(a Cobb angle over 45°) was found in 25 of 100 patients.

Only 7 cases (3.5%) were found in 200 control patients

without scoliosis. Patients with advanced scoliosis demon-

strate a significant increase in the frequency of renal colon36).

In the present study, there were significantly more patients

with ASD than with LSS in whom the distance from the

posterior edge of kidney to the anterior edge of transverse

abdominal muscle was greater than 3 mm. There were many

more patients with ASD in whom the transverse abdominal

muscle was nearer the kidney at the level of the L2-3, L3-4,

and L4-5 disk than was the case for patients with LSS.

Complications of bowel injury after LLIF surgery at L3-4

and L4-5 have been reported1). Older patients with a low

BMI favorably show the existence of a retrorenal colon,

possibly because of low adipose tissue content in the retrop-

eritoneal space13,15,16). In these circumstances, it is more diffi-

cult for the bowel to move ventrally and easier to approach

the anterior pararenal extraperitoneal space.

A previous study involving 10 healthy, skeletally mature,

adult volunteers used MRI to examine the positional

changes in the aorta, inferior vena cava, and kidneys at dif-

ferent lumbar levels when the participants moved from a su-

pine to the right or left lateral decubitus position. The aorta,

inferior vena cava, and kidneys moved significantly with the

change in surgical approach from a supine to the lateral po-

sition. In addition, a right-sided approach may be favorable

at the L4-5 disk level because of anterior movement of the

right common iliac vein. Therefore, further investigation is

required to detail the movement of tissues accurately and

precisely when patients are moved from a supine to the ac-

tual surgical position37).

Limitations of this study include the variation in the crite-

ria applied to define ASD and LSS. ASD was defined only

by the SVA, and it included various kinds of spinal deformi-

ties such as idiopathic scoliosis, degenerative scoliosis, and

lumbar degenerative kyphosis. LSS was defined by SVA,

lumbar lordosis, and Cobb angle. In addition, this study was

based on MRI conducted with the patient in a supine posi-

tion; however, patients undergoing LLIF are arranged in a

lateral decubitus position. The current study included only a

small sample and so it was not possible to compare our

findings with consideration of the different sexes and ages

of the patients.

LLIF is promising as a less invasive surgery, and it can

attain a solid intervertebral disk space, strong anterior sup-

port, and physiological curvature. However, detailed and ex-

tensive preoperative anatomical knowledge is essential to

avoid complications during LLIF surgery, especially for pa-

tients with ASD.

Conflicts of Interest: The authors declare that there are no

conflicts of interest.

References
1. Formica M, Berjano P, Cavagnaro L, et al. Extreme lateral ap-

proach to the spine in degenerative and post traumatic lumbar dis-

eases: selection process, results and complications. Eur Spine J.

2014;23(6):684-92.

2. Ozgur BM, Aryan HE, Pimenta L, et al. Extreme Lateral Inter-



dx.doi.org/10.22603/ssrr.2017-0036 Spine Surg Relat Res 2018; 2(2): 140-147

147

body Fusion (XLIF): a novel surgical technique for anterior lum-

bar interbody fusion. Spine J. 2006;6(4):435-43.

3. Youssef JA, McAfee PC, Patty CA, et al. Minimally invasive sur-

gery: lateral approach interbody fusion: results and review. Spine

(Phila Pa 1976). 2010;35(26):S302-11.

4. Oliveira L, Marchi L, Coutinho E, et al. A radiographic assess-

ment of the ability of the extreme lateral interbody fusion proce-

dure to indirectly decompress the neural elements. Spine (Phila Pa

1976). 2010;35(26):S331-7.

5. Malham GM, Parker RM, Goss B, et al. Clinical results and limi-

tations of indirect decompression in spinal stenosis with laterally

implanted interbody cages: results from a prospective cohort study.

Eur Spine J. 2015;24(3):339-45.

6. Knight RQ, Schwaegler P, Hanscom D, et al. Direct lateral lumbar

interbody fusion for degenerative conditions: early complication

profile. J Spinal Disord Tech. 2009;22(1):34-7.

7. Lehmen JA, Gerber EJ. MIS lateral spine surgery: a systematic lit-

erature review of complications, outcomes, and economics. Eur

Spine J. 2015;3(24):287-313.

8. Rodgers WB, Gerber EJ, Patterson J. Intraoperative and early

postoperative complications in extreme lateral interbody fusion: an

analysis of 600 cases. Spine (Phila Pa 1976). 2011;36(1):26-32.

9. Chen PG, Daubs MD, Berven S, et al. Degenerative lumbar

scoliosis appropriateness group. surgery for degenerative lumbar

scoliosis: the development of appropriateness criteria. Spine (Phila

Pa 1976). 2016;41(10):910-8.

10. Schwab F, Ungar B, Blondel B, et al. Scoliosis Research Society-

Schwab adult spinal deformity classification: a validation study.

Spine (Phila Pa 1976). 2012;37(12):1077-82.

11. Kepler CK, Bogner EA, Herzog RJ, et al. Anatomy of the psoas

muscle and lumbar plexus with respect to the surgical approach

for lateral transpsoas interbody fusion. Eur Spine J. 2011;20(4):

550-6.

12. Khajavi K, Shen A, Lagina M, et al. Comparison of clinical out-

comes following minimally invasive lateral interbody fusion strati-

fied by preoperative diagnosis. Eur Spine J.2015;24(3):322-30.

13. Hu WK, He SS, Zhang SC, et al. An MRI study of psoas major

and abdominal large vessels with respect to the X/DLIF approach.

Eur Spine J. 2011;20(4):557-62.

14. Moro T, Kikuchi S, Konno S, et al. An anatomic study of the lum-

bar plexus with respect to retroperitoneal endoscopic surgery.

Spine (Phila Pa 1976). 2003;28(5):423-8.

15. Yusof MI, Nadarajan E, Abdullah MS. The morphometric study of

l3-L4 and L4-L5 lumbar spine in Asian population using magnetic

resonance imaging: feasibility analysis for transpsoas lumbar inter-

body fusion. Spine (Phila Pa 1976). 2014;39(14):E811-6.

16. Quinn JC, Fruauff K, Lebl DR, et al. Magnetic resonance

neurography of the lumbar plexus at the l4-l5 disc: development

of a preoperative surgical planning tool for Lateral Lumbar

Transpsoas Interbody Fusion (LLIF). Spine (Phila Pa 1976). 2015;

40(12):942-7.

17. Voyadzis JM, Felbaum D, Rhee J. The rising psoas sign: an analy-

sis of preoperative imaging characteristics of aborted minimally

invasive lateral interbody fusions at L4-5. J Neurosurg Spine.

2014;20(5):531-7.

18. Nourian AA, Cunningham CM, Bagheri A, et al. Effect of

anatomic variability and level of approach on perioperative vascu-

lar complications with anterior lumbar interbody fusion. Spine

(Phila Pa 1976). 2016;41(2):E73-7.

19. Sasso RC, Best NM, Mummaneni PV, et al. Analysis of operative

complications in a series of 471 anterior lumbar interbody fusion

procedures. Spine (Phila Pa 1976). 2005;30(6):670-4.

20. Baker JK, Reardon PR, Reardon MJ, et al. Vascular injury in ante-

rior lumbar surgery. Spine (Phila Pa 1976). 1993;18(15):2227-30.

21. Brau SA, Delamarter RB, Schiffman ML, et al. Vascular injury

during anterior lumbar surgery. Spine J. 2004;4(4):409-12.

22. Fantini GA, Pappou IP, Girardi FP, et al. Major vascular injury

during anterior lumbar spinal surgery: incidence, risk factors, and

management. Spine (Phila Pa 1976). 2007;32(24):2751-8.

23. Nalbandian MM, Hoashi JS, Errico TJ. Variations in the iliolum-

bar vein during the anterior approach for spinal procedures. Spine

(Phila Pa 1976). 2013;38(8):E445-50.

24. Aichmair A, Fantini GA, Garvin S, et al. Aortic perforation during

lateral lumbar interbody fusion. J Spinal Disord Tech. 2015;28(2):

71-5.

25. Hager E, Isenberg G, Gonsalves C, et al. A new anatomic variant

of the aorta: a case report. J Vasc Surg. 2008;48(1):213-5.

26. Buric J, Bombardieri D. Direct lesion and repair of a common

iliac vein during XLIF approach. Eur Spine J. 2016;25(1):89-93.

27. Wood KB, Devine J, Fischer D, et al. Vascular injury in elective

anterior lumbosacral surgery. Spine (Phila Pa 1976). 2010;35(9):

S66-75.

28. Natsis K, Apostolidis S, Noussios G, et al. Duplication of the infe-

rior vena cava: anatomy, embryology and classification proposal.

Anat Sci Int. 2010;85(1):56-60.

29. Alkadhim M, Zoccali C, Abbasifard S, et al. The surgical vascular

anatomy of the minimally invasive lateral lumbar interbody ap-

proach: a cadaveric and radiographic analysis. Eur Spine J.2015;24

(7):906-11.

30. Sakai T, Tezuka F, Wada K, et al. Risk management for avoidance

of major vascular injury due to lateral transpsoas approach. Spine

(Phila Pa 1976). 2016;41(5):450-3.

31. Ragan DC, Casale AJ, Rink RC, et al. Genitourinary anomalies in

the CHARGE association. J Urol. 1999;161(2):622-5.

32. Tellier AL, Cormier-Daire V, Abadie V, et al. CHARGE syndrome:

report of 47 cases and review. Am J Med Genet. 1998;76(5):402-

9.

33. AslZare M, Darabi MR, Shakiba B, et al. Colonic perforation dur-

ing percutaneous nephrolithotomy: An 18-year experience. Can

Urol Assoc J. 2014;8(5-6):E323-6.

34. Noor Buchholz NP. Colon perforation after percutaneous neph-

rolithotomy revisited. Urol Int. 2004;72(1):88-90.

35. Balasar M, Kandemir A, Poyraz N, et al. Incidence of retrorenal

colon during percutaneous nephrolithotomy. Int Braz J Urol. 2015;

41(2):274-8.

36. Önder H, Dusak A, Sancaktutar AA, et al. Investigation of the ret-

rorenal colon frequency using computed tomography in patients

with advanced scoliosis. Surg Radiol Anat. 2014;36(1):67-70.

37. Deukmedjian AR, Le TV, Dakwar E, et al. Movement of abdomi-

nal structures on magnetic resonance imaging during positioning

changes related to lateral lumbar spine surgery: a morphometric

study. J Neurosurg Spine. 2012;16(6):615-23.

Spine Surgery and Related Research is an Open Access article distributed under

the Creative Commons Attribution‐NonCommercial‐NoDerivatives 4.0 Inter-

national License. To view the details of this license, please visit (https://creative-

commons.org/licenses/by‐nc‐nd/4.0/).


