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Objective: We introduced a new preoperative method, the “expanded surgical corridor,” to
evaluate the actual safety corridor, which may expand the possibility of performing oblique
lateral interbody fusion (OLIF).

Methods: Axial T2-weighted magnetic resonance images at the L4-5 disc level of 511 lum-
bar degenerative disease patients was evaluated. The distance between the medial edge of
the left-sided psoas muscle and the major artery was measured as the conventional surgical
corridor (CSc). The distance between the major vein and lumbar plexus was measured as
the expanded surgical corridor (ESc).

Results: The mean CSc and ESc were 13.9 +8.20 and 37.43 + 10.1 mm, respectively. No
surgical corridor was found in 7.05% of CSc and 1.76% of ESc, small corridor (<1 cm)
was found in 27.40% of CSc and 0.59% of ESc, moderate corridor (1-2 cm) was found in
42.07% of CSc and 1.96% of ESc, and large corridor ( >2 cm) was found in 23.48% of CSc
and 95.69% of ESc. A total of 33.83% (45 of 133) of whom were preoperatively categorized
as having a limited surgical corridor by conventional measurement, underwent OLIF L4-5
successfully.

Conclusion: By using the ESc, only 2.35% were categorized as having a limited surgical cor-
ridor. The other 97.65% of the patients had an approachable corridor that could be success-
tully operated by experienced spine surgeons who employ meticulous surgical dissection and
thorough understanding of the anatomical structures. The ESc may represent true accessi-
bility to the disc space for OLIF, particularly at the L4-5 level.

Keywords: Oblique surgical corridor, Oblique lateral interbody fusion, Lateral lumbar in-

terbody fusion

which lies between the psoas muscle and the great vessels in the
retroperitoneal space, is the working soft tissue interval for the

Oblique lateral interbody fusion (OLIF) is a minimally inva-
sive procedure that is reported to be safe and effective for lum-
bar degenerative diseases."* In appropriately selected patients,
indirect decompression has been shown to improve both clini-
cal and radiographic outcomes.”® The oblique surgical corridor,
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OLIF procedure. Several studies demonstrated the preoperative
methods, including radiographic and anatomical measurements,
to evaluate the distance between the psoas muscle and the great
vessels in the surgical corridor.”" In clinical practice, during
the operation, a corridor width of at least 18 mm after retrac-
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tion of the psoas muscle is typically required for interbody
placement, aligned with the width of a commonly employed
cage.">" Patients with a corridor less than 18 mm in width might

13-16

not be suitable for the OLIF procedure,” " particularly for the
surgeons who are early adopters of the technique. Regarding
the preoperative radiographic evaluation, a distance of approxi-
mately 10 mm between the psoas muscle and the major vessels
is typically considered the minimum width required for per-
forming OLIE."'® The surgical corridor can be expanded
through psoas muscle retraction up to the minimum corridor
width required during the surgical approach to the targeted in-
tervertebral disc level.">" Although the narrow or no oblique
corridor is not an absolute contraindication for performing OLIE
it does require surgical expertise to manipulate the psoas mus-
cle and widen the corridor for proper exposure of the operated
disc space and cage insertion.

The ability to mobilize the anatomical structures surround-
ing the surgical corridor is one of the key factors in a successful
OLIF procedure. It is usually easier to mobilize and manipulate
arterial than venous structures during the surgical approach. The
venous structures and the lumbar plexus are relatively fixed struc-
tures.”” On the other hand, studies also showed that the psoas
muscle could also be retracted during the OLIE'>" Those struc-
tures can safely be mobilized while approaching the disc space.
So, the accessible surgical corridor for the anterior-to-psoas ap-
proach could be wider than previously described in the litera-
ture.9,l4—l6,l9

The aim of this study is to introduce a new preoperative eval-
uation method, an “expanded surgical corridor,” to define the
potential actual safety corridor, which may expand the possibil-
ity of performing the OLIF surgery, particularly in patients with
a narrow or no surgical corridor, as classified by the convention-
al surgical corridor (CSc).

MATERIALS AND METHODS

The patients’ lumbosacral spinal magnetic resonance (MR)
images from January 2015 to December 2022 in King Chul-
alongkorn Memorial Hospital database were assessed. The axial
T2-weighted MR images of the L4-5 disc level with the patient
in the supine position were studied. Patients aged over 40 years
who were diagnosed with symptomatic L4-5 degenerative lum-
bar diseases, and required surgical intervention were included
in the study. Conditions potentially causing distortion in the
anatomy of the lumbar spine and surrounding structures, such
as spinal trauma, infection, congenital anomalies, tumors, and
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malignancy, were excluded. Patients with prior lumbar spine or
abdominal surgeries, as well as those with lumbar scoliosis and
lumbosacral transitional vertebra (e.g., sacralization of L5 or
lumbarization of S1) leading to significant anatomical altera-
tions, were also excluded. Additionally, patients with a high-ris-
ing psoas muscle, categorized as modified Moro’s AIl, AlIlI, or
AIV17 were excluded due to the potential complexity and risks
associated with surgical approaches to the lumbar spine, includ-
ing tension on the lumbar plexus during psoas mobilization.

The patients who underwent the OLIF procedure were sub-
jected to a subgroup analysis. This methodology was implement-
ed with the intent of mitigating the potential impact of selection
bias on the surgical procedure selection for each included pa-
tient. The OLIF procedure was performed by 2 spine surgeons
who have at least 5 years of experience performing this proce-
dure. The study protocol was approved by the Ethics Commit-
tee of the Faculty of Medicine, Chulalongkorn University, Bang-
kok, Thailand (IRB No. 0862/65). The informed consent was
waived for this study.

The oblique corridor measurements were performed by 2 or-
thopedic surgeons. Each surgeon measured on 2 occasions more
than 2 weeks apart. The measurements were performed on the
T2-weighted axial sections, where the psoas margins and lum-
bar plexus were optimally visualized. The sequence of T2-wei-
ghted axial MR images was systematically examined to accu-
rately ascertain the precise location of the lumbar plexus.”® The
CSc was defined as the shortest distance between the anterome-
dial border of the left-sided psoas muscle and the posterolateral
border of the major artery, which could be either the aorta or
the left-sided common iliac artery. The “expanded surgical cor-
ridor” (ESc) was defined as the distance between the postero-
lateral edge of the major vein, which could be either the inferior
vena cava or the left-sided common iliac vein, and the anterior
edge of the left-sided lumbar plexus, as illustrated in Fig. 1.

The surgical corridor was categorized into 4 types: no corri-
dor; small (<1 cm); moderate (1-2 cm); and large (>2 cm) ac-
cording to the recently proposed oblique corridor grading sys-
tem by Ng et al.' in 2020. The authors had categorized cases with
no measurable corridor as “no corridor” type.'® Furthermore,
for the ESc, we also identified cases in which the vein aligned
along the anterior border of the vertebral body, contiguous to
the psoas muscle, as had no corridor. The differences between
surgical and ESc types were analyzed.

Categorical data are expressed as frequencies and percentages
and were compared using the chi-square test or Fisher exact test.
Continuous variables were compared using the Student t-test
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Fig. 1. (A) Illustration of the L4-5 intervertebral disc level with the 2 measurement methods. Axial T2-weighted magnetic reso-
nance images of the L4-5 intervertebral disc level showing: (B) a small conventional surgical corridor (1 head arrow) versus a
large expanded surgical corridor (2 head arrow), and (C) no conventional surgical corridor (1 head arrow) versus a small expand-

ed surgical corridor (2 head arrow). IVC, inferior vena cava.

Table 1. Demographic and descriptive data from a total of
511 patients (L4-5 level)

Variable Value

Age (yr) 65.35+9.6 (40-88)
Conventional surgical corridor (CSc) (mm) 13.88£8.2*
Expanded surgical corridor (ESc) (mm) 37.43+10.07*
Amount of expansion (mm) 23.55+8.78

Values are presented as mean + standard deviation (range).
*Significant difference between the CSc and ESc was observed (p <0.001).

or the Wilcoxon rank-sum test. The intraclass correlation coef-
ficient was used to evaluate the intrarater, and interrater reliabil-
ity analyses. IBM SPSS Statistics ver. 23.0 (IBM Co., Armonk,
NY, USA) was used for statistical analysis. A p-value of less than

0.05 was deemed statistically significant.

RESULTS

The axial T2-weighted MR images at L4-5 disc level of 511
lumbar degenerative disease patients were evaluated. The aver-
age age was 65.35+ 9.6 years (range, 40-88 years). Demograph-
ic and descriptive data are shown in Table 1. Of the 511 patients,
136 underwent OLIF surgery, and 133 of the 136 patients un-
derwent a single-level OLIF at L4-5.

The mean conventional and EScs were 13.88 +8.20 mm and
37.43£10.07 mm, respectively. In comparison to the conven-
tional measurement, the average amount of expansion of the
ESc was 23.55+ 8.78 mm, which showed statistical significance
(p<0.001).

According to the oblique corridor grading system, no surgi-
cal corridor was found in 7.05% (34 patients) of the CSc and
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Table 2. Surgical corridor data from a total of 511 patients

Conventional surgical ~ Expanded surgical

Grade . .

corridor corridor
No corridor 34 (7.05) 9 (1.76)
Small 142 (27.40) 3(0.59)
Moderate 213 (42.07) 11 (1.96)
Large 122 (23.48) 488 (95.69)
Total 511 511

Values are presented as number (%).

1.76% (9 patients) of the ESc group. The small surgical corridor
was found in 27.40% (142 patients) of the CSc group and 0.59%
(3 patients) of the ESc group. The moderate surgical corridor
was found in 42.07% (213 patients) of the CSc group and 1.96%
(11 patients) of the ESc group, and the large surgical corridor
was found in 23.48% (122 patients) of the CSc group and 95.69%
(488 patients) of the ESc group. A limited surgical corridor of
less than 1 cm was observed in 34.45% (176 patients) of the CSc
group and 2.35% (12 patients) of the ESc group. The intraclass
correlation coefficients showed intrarater reliability of 0.911 (95%
confidence interval [CI], 0.909-0.915) and 0.899 (95% CI, 0.891—
0.903) for the CSc and ESc groups, respectively. The inter-rate
reliability was 0.878 (95% CI, 0.871-0.883) and 0.813 (95% CI,
0.808-0.817) for the CSc and ESc groups, respectively. The data
are shown in Table 2 and Fig. 2.

Among the 133 patients who underwent OLIF L4-5 success-
tully, no surgical corridor was found in 9.77% (13 patients). The
small surgical corridor was identified in 24.06% (32 patients).
The moderate surgical corridor was recognized in 39.10% (52
patients), and the large surgical corridor was found in 27.07%
(36 patients) according to the CSc measurement (Table 3). A
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Table 3. Surgical corridor data from patients who underwent

OLIF L4-5

Grade Conventior.lal surgical Expanded surgical
corridor corridor

No corridor 13 (9.77) 4(3.01)

Small 32 (24.06) 0 (0)

Moderate 52 (39.10) 5(3.76)

Large 36 (27.07) 124 (93.23)

Total 133 133

No corridor Small Moderate Large
| CSc 34 142 213 122
" ESc 9 3 11 488
Corridor grading

Fig. 2. Comparison of conventional (CSc) and expanded sur-
gical corridor (ESc) in 511 patients.

Values are presented as number (%).

Fig. 3. Preoperative (A) and postoperative (B) axial T2-weighted magnetic resonance images of oblique lateral interbody fusion

L4-5 in a patient with no conventional surgical corridor.

total of 33.83% (45 of 133) of these patients were preoperatively
categorized as having a limited surgical corridor by the CSc mea-
surement. Examples of these cases are shown in Fig. 3. Howev-
er, approximately 3.01% of the population had a corridor mea-
suring less than 1 cm when classified according to the ESc.

Our study did not observe any major approach-related vas-
cular complications. There were no cases of major lumbar plex-
us injuries noted, and no significant weakness or persistent an-
terior thigh symptoms were found in this series.

DISCUSSION

Evaluation of the surgical corridor in the OLIF procedure is
usually performed by measuring the corridor from the preop-
erative lJumbar spine MR images. The commonly used method
of surgical corridor assessment is measuring the distance from
the lateral edge of the aorta or the left-sided common iliac ar-
tery to the medial edge of the left-sided psoas muscle.”"" How-
ever, several authors proposed that the limitation of the lateral
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approach to the lumbar spine lies between the proximity of the
lumbar plexus and the major vessels.” '

The width of the surgical corridor at the L4-5 intervertebral
disc level, which was measured using the preoperative MR im-
ages, was reported in the literature to be 8.92-12.1 mm."**"* A
width of at least 10 mm is widely acknowledged as the minimum
requirement for the OLIF procedure, particularly for novice sur-
geons.""® During surgical dissection, the surgeon could create
adequate surgical access to the targeted intervertebral disc space
by retracting the surrounding structures away from the surgical
corridor.”*" In a cadaveric study conducted by Davis et al,” it
was found that retraction of the psoas muscle can increase ac-
cessibility to the lumbar spine by approximately 6.9-9.45 mm.
The psoas muscle retraction could increase the surgical corri-
dor’s width at the L4-5 level by an average of 58.97%, or approxi-
mately 9.45 mm." Molinares et al."* discovered an adequate sur-
gical corridor of access to the L4-5 discs in up to 91% of the stud-
ied MR images. Razzouk et al.”* measured the corridor at the
L4-5 level and observed corridors less than 10 mm in 18% of
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the studied sample. Several authors suggested that the surgeon
should consider alternative fusion techniques in less than 10
mm of the oblique corridor.”**

Tao et al.** have described the trajectory width from the main
artery to the lumbar plexus as 24.36 +7.87 mm on the L4-5 lev-
el. However, during the surgical approach, the arterial structures
could be more easily and safely mobilized than the venous struc-
tures, which are usually firmly attached to the spine and surroun-
ding area and less resistant to stretching than the arterial struc-
tures.” It was also reported that the venous structure is also en-
larged when lying in the decubitus position.** Therefore, there
is a greater risk of venous injury during surgery than to the ar-
terial structures. The surgeon should be aware of this risk and
perform a meticulous dissection and gentle retraction of the sur-
rounding structures to safely expand the oblique surgical corri-
dor.

According to all our knowledge, our study described a new
radiographic method to evaluate the approachable oblique cor-
ridor by measuring the distance between the vein and the lum-
bar plexus. A limited surgical corridor of less than 1 cm was
observed in 34.45% of our entire study population using con-
ventional measurement. In contrast, when employing an ESc,
only 2.35% of the population exhibited a limited surgical corri-
dor. This idea is confirmed by a number of successful OLIF L4-5
cases in patients with a limited surgical corridor categorized with
the conventional measurement. In our study, 33.83% of patients
who were diagnosed with lumbar degenerative diseases were
defined as having a limited surgical corridor (the corridor’s width
being smaller than 1 cm) at the L4-5 level, as determined by
conventional measurement. The other 39.10% exhibited a cor-
ridor’s width ranging from 1 to 2 cm (moderate corridor), which
was potentially necessitating vascular manipulation and psoas
retraction during surgical dissection to access the L4-5 inter-
vertebral disc. However, only 3.01% of this population were cat-
egorized as having an ESc smaller than 1 cm in width. In theo-
ry, having no surgical corridor might not be suitable for OLIF
surgery.">'*'® Nevertheless, from the authors’ experiences of per-
forming the OLIF procedure for more than 5 years (WL and
WS), the thorough anatomical understanding accompanied by
meticulous dissection and gentle retraction of the surrounding
structures could provide safe surgical access to the targeted disc
and adequate working space in the oblique corridor. For surgeons
who early adopt the OLIF procedure in their practice, it is rec-
ommended to begin with cases that offer a spacious surgical cor-
ridor. Collaborating with a highly-experienced spine surgeon or
an access surgeon is also advocated.
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Intraoperatively, every surgical step is essential, and surgeons
should carefully perform the procedure to ensure procedural
safety, even for patients that have an adequate oblique corridor
on the preoperative MR images. The process begins with the
proper skin incision, aimed at establishing an adequate surgical
passage to the targeted intervertebral disc space without sub-
jecting the surrounding structures to extensive retraction, par-
ticularly the venous structures. Avoidance of direct venous re-
traction is crucial to minimize the risk of substantial bleeding
resulting from potential vascular injury.® If any degree of the
venous structures’ manipulation becomes necessary, meticulous
attention is required to retract the veins while avoiding attempt-
ing to mobilize them from the underlying structures. The venous
structures should not be directly manipulated; instead, they may
be mobilized indirectly by gently shifting the surrounding loose
soft tissue attached to them.” In the event of vascular wall dis-
ruption, adequate exposure of the bleeding site, bleeding con-
trol, and seeking assistance are the pivotal steps. Firm compres-
sion of the bleeding vessels against the firm surface of the surgi-
cal field, such as the vertebral body, can temporarily halt the
bleeding. Frequent release of the compression to check for ces-
sation of bleeding may exacerbate the situation and result in in-
creased blood loss. Endeavoring to perform vascular repair in-
dependently could lead to complications due to the surgeon’s
heightened state of anxiety and lack of experience. It is advisable
for a vascular surgeon or even the assistant surgeon to manage
the situation, as they might be better equipped to handle it than
the primary surgeon.”

Aggressive manipulation of the surrounding structures could
cause complications ranging from a minor one to a life-threat-
ening condition. The incidence of anterior thigh symptoms was
reported at a rate of 1.3%-13.5% after the OLIF procedure.”*”
The amount of psoas muscle retraction is also reported to be
associated with the anterior thigh symptom in OLIF at the L4-5
level.”® Aggressive and prolonged retraction may cause more
severe postoperative anterior thigh symptoms. Care should be
taken during the psoas muscle manipulation in order to expose
the targeted intervertebral disc. The rate of vascular injury in
OLIF was reported to be 0.3%-3.9%. Major vascular injuries
could cause a lethal complication; an intraoperative fatal injury
to the great vessel in a lateral transpsoas approach has been re-
ported.” However, segmental vessel injuries were more com-
mon during the OLIF procedure.’****** Awareness of the po-
tential vascular injury during the operation, combined with
surgical skill in vascular control, could minimize the risk of
these complications during the operation.
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This study had several limitations. The distances measured
in the MR images might not represent actual distances achiev-
able during the OLIF surgery. The discrepancy may arise from
several factors that are not accounted for in the preoperative ra-
diographic evaluation. For instance, the images are typically tak-
en with the patient in a supine position, which may not accurate-
ly represent the anatomical conditions encountered during lat-
eral position surgery. Additionally, variations in the psoas mus-
cle morphology, a factor not studied in this research, might im-
pact corridor measurements and the surgical approach. Intra-
operative measurement of the corridor should be conducted to
validate this measurement method. Furthermore, it's important
to note that the authors exclusively focused on the L4-5 level.
Lastly, data regarding the duration of psoas muscle retraction
during the procedure were lacking.

CONCLUSION

Our study introduced a new preoperative method for evalu-
ating the OLIF surgical corridor. Through the utilization of the
ESc, approximately 2.35% of the patients were categorized as
having a limited surgical corridor. In contrast, 97.65% of the
patients had an accessible corridor that could be successfully
operated by experienced spine surgeons who employ meticu-
lous surgical dissection and thorough understanding of the an-
atomical structures. The expanded oblique surgical corridor
may represent true accessibility to the disc space for the OLIF
procedure, particularly at the L4-5 level.
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