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Morphometric Analysis of the Ureter with Respect to
Lateral Lumbar Interbody Fusion Using Contrast-Enhanced
Computed Tomography

Chunneng Huang, Zhenyu Bian, Liulong Zhu
Department of Orthopedics, Affiliated Hangzhou First People’'s Hospital, Zhejiang University School of Medicine, Hangzhou, China

Objective : To analyze the anatomical location of the ureter in relation to lateral lumbar interbody fusion and evaluate the
potential risk of ureteral injury.

Methods : One hundred eight patients who performed contrast-enhanced computed tomographic scans were enrolled in
this study. The location of the ureter from L2-L3 to L4-L5 was evaluated. The distances between the ureter and psoas muscle,
intervertebral disc, and retroperitoneal vessels were also recorded bilaterally.

Results : Over 30% of the ureters were close to the working corridor of extreme lumbar interbody fusion at L2-L3. Most of the
ureters were close to working corridor of oblique lumbar interbody fusion, especially at L4-L5. The distance from the ureter to the
great vessels on the left side was significantly narrowing from L2-L3 to L4-L5 (28.8+9.5 mm, 22.0+8.0 mm, 15.5+8.4 mm), and it was
significantly larger than that on the right side (12.3£6.1 mm, 7.4+5.7 mm, 5.4+4.4 mm).

Conclusion : Our findings indicate that the location of the ureter varies widely among individuals. To avoid unexpected damage to
the ureter, it is imperative to directly visualize it and verify the ureter is not in the surgical pathway during lateral lumbar interbody
fusion.

Key Words : Lateral lumbar interbody fusion - Extreme lumbar interbody fusion - Oblique lumbar interbody fusion - Ureteral injury -
Complication.

INTRODUCTION

Lateral lumbar interbody fusion (LLIF), including oblique
lumbar interbody fusion (OLIF) and extreme lumbar
interbody fusion (XLIF), has gained its popularity for the
advantages of smaller incisions, less blood loss and faster

recovery comparing to traditional posterior approach®”. This
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technique utilizes the retroperitoneal space between great
vessels and lumbar plexus as a surgical corridor to access the
intervertebral disc. Therefore, it has a potential risk of causing
direct injury to surrounding structures such as lumbar plexus,
aorta, segmental arteries as well as sympathetic trunk as
4,5,10)

previously reported

Recently, several studies have described the ureteral injury
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due to lateral fusion techniques™®'”. Ureteral injury is a
devastating complication that can lead to postoperative
abdominal pain, hematuria, or even renal atrophy. The ureter
runs laterally to the vertebral body and psoas major. Hence, it
can theoretically be injured at any time during procedure,
including retraction and psoas muscle mobilization". Therefore,
it is necessary to become familiar with the course of the ureter
and relationships between the ureter and adjacent structures to
avoid this adverse event.

In this study, contrast-enhanced computed tomographic
scan was used to visualize and identify the ureter. We aimed
to analyze the anatomical location of the ureter in relation to

LLIF and evaluate the potential risk during this approach.

MATERIALS AND METHODS

Subjects and materials

After acquiring the approval from the Institutional Review
Board (IRB) of Hangzhou First People’s Hospital (IRB No.
HZSY202101102001), we retrospectively reviewed imaging
data from patients who had undergone contrast-enhanced
computed tomography (CT) between January 2020 and Octo-
ber 2021 in our hospital. Patients who had hydronephrosis,
ureteral dilatation, insufficient ureteral enhancement, spinal
deformity and history of abdominal, spinal or ureteral surgery
were excluded. Finally, a total of 108 patients were included,
consisting of 60 males (average age, 54.7£15.9 years) and 48 fe-

males (average age, 54.5%11.2 years). All images were per-

formed on 64 multi-detector rows CT scanners (GE Medical
Systems, Milwaukee, WI, USA). All patients were adminis-
tered 400-500 mL of water orally 20 minutes before the ex-
amination. Unenhanced CT scans of the abdomen and pelvis
were performed. Excretory phase images of the abdomen and
pelvis were obtained 8 minutes after the injection of contrast
material (Omnipaque; Daiichi Pharmacy, Tokyo, Japan). The
scanning parameters were 240 mA tube current, 120 kV tube

voltage, 1.25-mm collimation and 1.5 mm slice intervals.

Radiographic evaluation

All axial excretory phase images were analyzed by the mea-
surement tools in Synapse PACS software (Fujifilm Medical
Systems, Milwaukee, WI, USA). The ureters were identified
bilaterally at L2-1L3, L3-L4 and L4-L5 intervertebral disc levels.
The anatomical location of the ureter was classified using the
psoas muscle and intervertebral disc as reference structures.
The intervertebral disc area was divided into four zones (Fig.
1A). The area between the anterior and middle line of the in-
tervertebral disc was divided equally into two zones II-v, III-v.
The area anterior to the anterior edge and the area posterior to
the middle line of the intervertebral disc were defined as zone
I-v and zone IV-v, respectively. In addition, the psoas area was
also divided into four zones (Fig. 1B). The area between the
lateral edge of the intervertebral disc and lateral edge of the
psoas was divided equally into two zones II-p, III-p. The areas
on the two sides of this zone are defined as I-p and IV-p, re-
spectively.

The distances between the ureter and psoas muscle (UPD),
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Fig. 1. Evaluation of anatomical location of the ureter from contrast-enhanced computed tomography images. A : The axial plane of intervertebral discs
was divided into four zones. B : The psoas area was also divided into four zones. C : Measurements of relevant parameters, ureter-vessel distance (UVD),
ureter-psoas distance (UPD), and ureter-disc distance (UDD), at L2-L3, L3-L4, and L4-L5. Red line : UVD; blue line : UPD; yellow line : UDD.
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ureter and intervertebral disc (UDD), as well as ureter and the
aorta or common iliac vessels (UVD) were also recorded (Fig.
1C). Psoas dimensions in both the antero-posterior and latero-
lateral measured directions were also measured at each level

bilaterally.

Statistical analyses

Continuous variables were presented as meantstandard de-
viation (SD). Independent-samples t-test, one-way analysis of
variance following Bonferroni’s post-hoc test and linear re-
gression with Pearson’s correlation coefficient were performed
using SPSS version 22 (IBM, Armonk, NY, USA). p<0.05 was
considered statistically significant.

Location of the Ureter in LLIF | Huang C, et al.

RESULTS

Location of the ureter according to zone classifica-
tion systems

According to classification of the intervertebral disc zone,
the position of the ureter was variable at L2/3. On the left side,
the ureter located in zone I-v 19 subjects (17.6%), zone 1I-v 38
subjects (35.8%), zone I1I-v 34 subjects (31.5%), and zone IV-v
seven subjects (6.5%) at L2/3. Besides, 10 ureters (9.3%) could
not be detected at this level, indicating the ureteropelvic junc-
tion was lower. The ureter went anteriorly as it migrated down
to the bladder. Most of the ureters located in zone I-v (72 sub-
jects, 66.7%) and zone II-v (33 subjects, 30.6%) at L4/5. Simi-

lar results were also found on the right side (Fig. 2A and B).
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Fig. 2. Location of the ureter in the disc and psoas area. A : Location of the ureter on the left side according to the disc area classification. B : Location of
the ureter on the right side according to the disc area classification. C : Location of the ureter on the left side according to the psoas area classification. D :
Location of the ureter on the right side according to the psoas area classification. K : within kidney.
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Table 1. Measurements of the anatomic parameters of the ureter and surrounding structures at each level

uvD
L2-L3 (mm) 12.3+6.8 3094100 12.3£53 264483 12.3£6.1 28.84£9.5 <0.01
L3-L4 (mm) 84£69 228489 6.2£3.5 20.9+6.8 7457 22.0+8.0 <0.01
L4-L5 (mm) 64+4.3 17.7£9. 4.2+4.2 129+6.7 54+44 15.5+84 <0.01
UPD
L2-L3 (mm) 9.8+6.5 10.7£9.1 54%43 54+51 7.7£59 8.2£8.0 0.593
L3-L4 (mm) 45+6.1 2.8+4.6 2.8+34 1.5+24 37451 2.2+38 0.015
L4-L5 (mm) 39+£39 1.3£3.8 6.3+4.2 2036 5.0%4.2 1.6£3.7 <0.01
ubD
L2-L3 (mm) 19.8+7.7 22.0£8.2 13.7£54 14.3+£5.8 169+7.3 18.5£8.1 0.160
L3-L4 (mm) 15.6+6.2 14.3£7.0 10.8+3.8 94+4.6 13.5+5.8 12.1£6.5 0.108
L4-L5 (mm) 17557 14.7£59 13.8+3.6 10.7£5.0 15.8+5.2 13.0£5.8 <0.01

*Comparison of overall parameters between left side and right side. UVD : ureter-vessel distance, UPD : ureter-psoas distance, UDD : ureter-disc
distance
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Fig. 3. The correlation between UVD and psoas dimensions on the left side. Disc levels of L2-L3 (A-C), L3-L4 (D-F), L4-5 (G-I). The lines were based on the
linear regression with Pearson’s correlation coefficient. UVD : ureter-vessel distance, AP : antero-posterior, ratio : psoas AP dimension : lateral dimension.

According to classification of the psoas zone, the position of
the ureter was more lateral at L2/3. On the sides, the ureter lo-
cated in zone I-p 0 subjects (0.0%), zone 1I-p 14 subjects
(13.0%), zone I1I-p 60 subjects (55.6%), and zone IV-p 28 sub-
jects (25.9%) at L2/3. As the ureter traveled, the ureter was po-
sitioned closer to the medial side. At L4/5, most of the ureters
located in zone I-v (26 subjects, 24.1%) and zone I1-v (80 sub-
jects, 74.1%). Similar results were also found on the right side
(Fig. 2C and D).

Relationship of the ureter to surrounding structures

The mean distance between the ureter-vessel distance
(UVD) of the right side was 12.3%6.1 mm at 1L2-L3, 7.4%£5.7
mm at L3-L4 and 5.4t4.4 mm at L4-L5, whereas on the left
side, it was 28.819.5 mm at L3-L.4, 22.0£8.0 mm at L.3-L4 and
15.5+8.4 mm at L4-L5. Significant differences could be found
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between left side and right side at all levels (p<0.01). The mean
distance between the ureter-psoas distance (UPD) on the right
side was 77459 mm at L.2-L3, 3.745.1 mm at L3-L4 and 5.0
4.2 mm at L4-L5. On the left side, it was 8.2+£8.0 mm at L.2-L3,
2.243.8 mm at L3-L4 and 1.6£3.7 mm at L4-L5. UPD on the
right and left sides were significantly different at both L3-1L4
and L4-L5 levels. The mean distance between the UDD of the
right side was 16.927.3 mm at 1.2-1L3, 13.5£5.8 mm at L3-L4
and 15.8£5.2 mm at L4-L5. On the left side, it was 18.518.1
mm at L.2-1.3, 12.1+6.5 mm at L3-14 and 13.0+5.8 mm at L4-
L5 (Table 1).

Additionally, the relationship between UVD and psoas di-
mensions had been analyzed (Figs. 3 and 4). Unfortunately, we
found correlations between UVD and psoas dimensions were
weak on both sides from L.2-L5.
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Fig. 4. The correlation between UVD and psoas dimensions on the right side. Disc levels of L2-L3 (A-C), L3-L4 (D-F), L4-5 (G-I). The lines were based on
the linear regression with Pearson’s correlation coefficient. UVD : ureter-vessel distance; AP : antero-posterior; ratio : psoas AP dimension : lateral

dimension.

DISCUSSION

The LLIF surgical pathway is via the retroperitoneal space
between the great vessels and the lumbar plexus, which is
considered to be a safer surgical window to reach the
intervertebral disc than posterior approach. Nevertheless,
despite its theoretical benefits for minimally invasive spine
surgery, this procedure is not without potential risk. The
main challenge for LLIF is to access the disc without causing
injury to adjacent structures around the surgical corridor. Of
them, ureteral injury is rare, but the hazards of this complication
can be underestimated. Anand and Baron” reported three
cases of urological complications secondary to lateral lumbar
spine surgery, including one of renal injury and two of
ureteral injury. The renal injury led to brisk venous bleeding

and blood pressure drop after the removal of the retractor,

while hematuria and abdominal pain caused by ureteral
injury were relieved after ureter stent placement. In addition,
the detection of ureteral injury may be delayed because of
nonspecific symptoms and inadvertent injury to it. Yoon et
al" reported a case of delayed ureteral stricture and ipsilateral
kidney atrophy. The length of time until diagnosis can be as
long as 3 months after surgery.

Key to preventing this complication is an understanding of
ureteral anatomic relationships. In this study, we examined
the location of the ureter by using contrast-enhanced CT
scans in 108 healthy participants. Our results revealed that the
ureter ran anteriorly and medially as it went down to the
bladder. With reference to the intervertebral disc, over 30% of
the ureters were located in III-v and IV-v at L2-L3 level.
Therefore, the ureter may be in close proximity to the working
corridor of XLIF with its direct lateral approach. At L3-1.4 and
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L4-L5 level, the majority of the ureters were located in I-v and
II-v. This indicated that during the OLIF procedure, the ureter
is likely to be close to the working corridor. With reference to
the psoas, most of the ureters were located in III-p and IV-p at
L.2-L3 level, and the ureter is far from the working corridor of
the OLIE, theoretically. But at L4-L5, over 90% of the ureters
were located in I-p and II-p, which indicated the locations of
ureter were close to surgical corridor of OLIF at L4-L5 disc
level.

We also analyzed the location of the ureter in relation to
retroperitoneal great vessels. The measurements showed that
UVD was significantly larger at L2-L3 (12.3 mm on the right,
28.8 mm on the left) than that at L4-L5 (5.4 mm on the right,
15.5 mm on the left). Because the surgical corridor is narrowed
at L4-L5", there is an increasing need of using retraction to
keep adjacent structures out of the working space, which will
pose great risk to the ureters. Furthermore, we investigated the
potential relationship between UVD and psoas dimensions, as
ureter was intimate with it. However, we found correlations
between UVD and psoas dimensions were weak on both sides
from L2-L5 with a low coefficient of determination (R’<0.10).
This indicated that the location of the ureter was variable
because the ureter is covered by a fat tissue envelope and lacks
fascial tissue to restrict its movement. Previous studies
suggested that the ureteral injury might occur because of the
limited exposure of the retroperitoneal space and blind
maneuvering””. Therefore, to avoid unexpected damage to the
ureter, it is imperative to directly visualize it and verify the
ureter is not in the surgical pathway during LLIF.

There were a few limitations to the present study. First, the
contrast-enhanced CT was performed on the supine position,
while the lateral approach used the lateral decubitus position,
which may affect the correlation of the ureter to vessels and
psoas muscle™"'”. The study presented by Ouchida et al."”’
demonstrated that the ureter would move anteriorly in the
lateral decubitus position. Another limitation of this study
was that the patients were all healthy participants. Spinal
deformity, especially the vertebral rotation, will cause a
relative change in the position of nerves and vessels”'”. Similar

changes may also be seen in the ureter.

160 https://doi.org/10.3340/jkns.2022.0079

CONCLUSION

Knowledge of the ureters in relation to the lateral spine as
they descend into the pelvis is important for spine surgeons.
Our findings indicate that the location of the ureter varies
widely among individuals. To avoid unexpected damage to
the ureter, it is imperative to directly visualize it and verify the

ureter is not in the surgical pathway during LLIF.
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