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Abstract Objective The objective of this study was to share our early experience with oblique
lumbar interbody fusion (OLIF), with emphasis on the perioperative complications and
determine clinical outcomes following OLIF.
Materials andMethods It was a retrospective prospective study performed at a single
institute from March 2019 to August 2023. A total of 56 consecutive patients who had
undergone OLIF for degenerative spine disorders were enrolled in the study. Pre-, intra-,
and postoperative data on these patients were collected. All the patients were followed
up at regular intervals with an evaluation of Visual Analog Scale (VAS), Oswestry
Disability Index (ODI), neurological parameters, and X-rays to look for fusion, screw
loosening, pseudoarthrosis, and cage slippage. Statistical analysis was done with the
odds ratio, chi-square test, and Student’s t-test. A p-value of<0.05 was considered
significant.
Results The overall incidence of complications was 25%, with no mortality. Intra-
operative complications were noted in 10.7% of cases. This included endplate fractures
(n¼3), peritoneal lacerations (n¼ 2), and ureteric injury (n¼1). The most common
early postoperative complications were postoperative ileus (n¼6), followed by
anterior thigh or groin numbness (n¼3), ipsilateral psoas weakness (n¼2), and
superficial surgical site infection (n¼2). Of the late postoperative complications,
cage subsidence was the most common, which occurred in 4 patients, followed by
adjacent segment degeneration (n¼2) and loss of indirect decompression (n¼1). The
mean ODI and VAS scores showed significant improvement (p<0.05) at the final
follow-up.
Conclusion OLIF is a promising surgical technique with the potential to treat a variety
of degenerative conditions of the lumbar spine with a good clinical outcome. Despite
its various benefits, OLIF can lead to complications in rare instances, which every spine
surgeon should be aware of.
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Introduction

Spinal fusion has become one of the most performed spine
surgery since it was first described by Dr. Russell A. Hibbs in
1911 for scoliosis1,2 and then by Dr. Fred H. Albee for
tuberculosis.3 There has been a global increase in the overall
number of spinal fusion procedures over the last few deca-
des.4 Initially, developed as an alternative to posterolateral
fusion, Briggs and Milligan in 1944, described a posterior
approach to lumbar interbody fusion.5 Since then, many
other methods using different approaches have been devel-
oped, such as anterior lumbar interbody fusion (ALIF)6 and
transforaminal lumbar interbody fusion (TLIF).5,7–9 Further
advances have been made to access disc space through the
retroperitoneal approach, circumventing the challenges and
morbidities of the anterior and posterior approach for inter-
body fusion, named lateral lumbar interbody fusion
(LLIF).10,11 Since then, many modifications of this technique
have been described.

In 2012, Silvestre et al described a newminimally invasive
technique called oblique lumbar interbody fusion (OLIF),12

which uses the anatomical corridor between anterior great
vessels and psoas muscle to access disc space. With less
muscle damage, bleeding, decreased rate of nerve injury, and
faster recovery compared with posterior surgery, OLIF has
attracted much attention from spine surgeons.

Despite its above-mentioned advantages, it has a unique
set of complications like hip flexion weakness, neurological
injury, vascular injury, visceral injury, and pseudohernia
(paresis and bulging of the abdominal wall). Hence, it is
essential to also analyze the complications also, whichwould
not only help the surgeon adopt adequate preventive meas-
ures but also aid in proper patient selection and counseling
regarding the expected outcomes and possible complica-
tions. In this study, we share our early experience with OLIF,
with emphasis on the perioperative complications of OLIF.

Materials and Methods

It was a retrospective prospective study performed at a single
institute fromMarch 2019 to August 2023.We conducted this
study in compliance with the principles of the Declaration of
Helsinki. The study’s protocol was reviewed and approved by
the Institutional Review Board. Written informed consents
were obtained from all study participants.

A total of 56 patients had undergoneOLIF for degenerative
lumbar spine disorders (degenerative lumbar canal stenosis
and/or degenerative/isthmic spondylolisthesis, degenerative
scoliosis) during this study period. Three fellowship-trained
spine surgeons with more than 15 years of experience in the
field performed all the surgeries included in the study while
following the same preoperative evaluation and postopera-
tive mobilization protocols.

Data from 56 patients were analyzed. Preoperative infor-
mation like demographic (age, sex, bodymass index), level of
fusion, clinical (Visual Analog Scale [VAS] and Oswestry
Disability Index [ODI], neurology), medical comorbidities,
and radiological datawas evaluated and recorded (►Table 1).

Intra- and postoperative parameters like operative time,
blood loss, intra- and postoperative adverse events, and
hospital stay were collected from medical records and
reviewed. All the complications were evaluated by two
independent observers, other than the operative surgeon,
who have more than 10 years of experience in spine surgery.
All the patients with and without complications were fol-
lowed up with an evaluation of VAS, ODI, and neurological
parameters at regular intervals of 1, 3, 6, 12, and 24 months.
During their follow-up visit X-rays were done to look for
fusion, screw loosening, pseudoarthrosis, and cage slippage.

Surgical Technique
After proper preoperative evaluation, under general anes-
thesia, the patient is positioned in the right lateral decubitus
position on a radiolucent table. After C-arm confirmation of
level, a 3- to 4-cm oblique down and forward skin incision
centered on the target disc level and parallel to the external
oblique muscle is made. Blunt dissection of the external and
internal oblique and transverse abdominis muscle fibers is
performed along the direction of its fibers.

Once the transverse abdominis muscle is crossed, the
retroperitoneal fatty tissue is visible and is pushed back
toward themidline alongwith the peritoneal sac by tampons
until the psoas becomes visible. After blunt dissection, the
peritoneumandvascular structures aremobilized anteriorly,
and the psoas is retracted posteriorly. The spine is visualized
on the medial side of the psoas. Care is taken to protect the
genitofemoral nerve in the angle between the spine and the
psoas. Electrocoagulation is not used on the anterolateral
side of the spine to protect the sympathetic plexus that
descends along this region.

The intervertebral disc space is then exposed through the
corridor between the aorta and the psoas, and the retractor
system is docked. The incision is given on the anterolateral
side of the annulus, followed by discectomy and endplate
preparation. A cage of appropriate size is then inserted in the
frontal plane, perpendicular to the disc space. A sliding
window technique was applied to access the disc spaces
for multilevel fusion without any major expansion of the

Table 1 Patient demographic data

Parameters OLIF (N¼ 56)

Age (in years), mean� SD 48.5� 12.2

Sex (M/F), n 34/22

BMI, kg/m2, mean� SD 28.5� 3.4

Duration of symptoms (in months),
mean� SD

8.4� 2.6

Mean follow-up (in months), mean� SD 28� 5.7

Comorbidities, n

Single 6

Two or more 8

Abbreviations: BMI, body mass index; F, female; M, male; OLIF, oblique
lumbar interbody fusion; SD, standard deviation.
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initial incision. Wound closed and the patient is positioned
prone and percutaneous posterior instrumentation was per-
formed under fluoroscopic guidance.

Statistical Analysis
Statistical analysis was donewith odds ratio, chi-square test,
and Student’s t-test. All tests were tested for p<0.05 for
significance. The tests were done using NCSS statistical
software.

Results

General Characteristics
The mean age was 48.5�12.2 years which comprised 34
male and 22 femalewithmean bodymass indexof 28.5�3.4.
The mean duration of symptoms was 8.4�2.6 months. The
most common indication was lumbar canal stenosis (42.8%),
followed by degenerative spondylolisthesis (33.9%), isthmic
spondylolisthesis (17.8%), and degenerative scoliosis (5.3%).
The most operated level was L4-L5 (50%), followed by L3-L4
(39.2%). The mean operative time was 150�40minutes, and
the mean blood loss was 98.5�30mL. The mean period of
hospital stay was 3.7�1.7 days (►Table 2).

Complications
The overall incidence of complications was 25% with no
mortality (►Table 3). The initial period for the learning curve
included 20 patients with a complication rate of 42.1% and
the past 2 years comprised 36 patients with a complication
rate of 15.7%. Note that 42.8% (6/14) patients had developed
single complications, 28.5% (4/14) had developed two com-
plications, and 28.5% (4/14) had three complications. The
complications were classified as intraoperative and postop-
erative. Postoperative complications were classified as early
(� 1 month postsurgery) and late (> 1 month postsurgery).

Intraoperative complicationswere noted in 10.7% of cases.
This included endplate fracture (n¼3), peritoneal lacera-
tions (n¼2), and ureteric injury (n¼1).

The most common early postoperative complications
were postoperative ileus (n¼6), followed by anterior thigh
or groin numbness (n¼3), ipsilateral psoasweakness (n¼2),
and superficial surgical site infection (n¼2). Groin numb-
ness and psoas weakness were transient and recovered in
3 months, except in one patient the groin numbness per-
sisted beyond 1 year. Superficial surgical site infections were
managed with regular dressing and antibiotics without any
further morbidity. None had deep infections.

Of the late postoperative complications, cage subsidence
was the most common which occurred in 4 patients. One
patient had an anterior displacement of the cage identified
on a routine follow-up X-ray, which was not symptomatic,
and hence did not require any intervention, and the patient
was kept on regular follow-up (►Fig. 1). One patient had
bilateral foot drop immediately after surgery due to cage
displacement into spinal canal (►Fig. 2). This patient under-
went reexploration and cage was repositioned. However,
patient had complete recoveryofmotor power at 3months in
the right side with partial recovery in the left side.

One patient needed surgery after 1 year due to the
recurrence of symptoms of lumbar canal stenosis. The
patient initially had good symptomatic relief following
OLIF, but later reported a recurrence of symptoms. One-
year follow-up X-ray demonstrated cage subsidence with
loss of indirect decompression. Magnetic resonance imag-
ing showed narrowing of the spinal canal at the same level
(►Fig. 3). Patient was reoperated through a posterior
approach with decompression using laminectomy and lig-
amentum flavum excision at the same level, with good relief
in symptoms. Two patients had radiological adjacent seg-
ment disease (ASD) on follow-up but continued to remain
asymptomatic. The mean ODI and VAS scores showed
significant improvement (p<0.05) at the final follow-up
(►Table 4).

Table 2 Patient clinical data

Clinical parameters Value

Indication for surgery, n

LCS 24

Spondylolisthesis – Degenerative 19

Spondylolisthesis – Isthmic 10

Degenerative scoliosis 3

Fusion level, n

L1-L2 2

L2-L3 4

L3-L4 22

L4-L5 28

Operative time (in minutes), mean� SD 150�40

Operative blood loss (in mL), mean� SD 98.5� 30

Hospital stay (in days), mean� SD 3.7� 1.7

Abbreviations: LCS, lumbar canal stenosis; SD, standard deviation.

Table 3 Perioperative complications related to OLIF

Complications of OLIF Number of cases

Endplate fracture 3

Peritoneal laceration 2

Ureteric injury 1

Postoperative ileus 6

Anterior thigh or groin numbness 3

Superficial surgical site infection 2

Major motor deficit 1

Cage subsidence 4

Cage back out/displacement 1

Adjacent segment degeneration 2

Reoperations 1

Abbreviation: OLIF, oblique lumbar interbody fusion.
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Fig. 1 Two months postoperative anteroposterior (A) and lateral (B) X-rays of a patient who had undergone L3–4 and L4–5 oblique lumbar interbody
fusion (OLIF) with L5-S1 transforaminal lumbar interbody fusion (TLIF) showing inadequate size and anterior positioning of the cage at L4–5 level.
Fourmonths postoperative X-ray image (C,D) showing further anterior displacement of the cage. Computed tomography (CT) done at 8months’ follow-up
(E, F) shows cage malposition and subsidence. This patient remained asymptomatic and hence kept under close follow-up.

Fig. 2 Preoperative T2-weighted image (T2WI) midsagittal (A) and axial sections at L3–4 (B) and L4–5 (C) levels showing severe canal
stenosis. Patient developed bilateral lower limb weakness immediately following the surgery. Immediate postoperative anteroposterior (D)
and lateral (E) X-ray showing a posterior and left lateral position of the cage.
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Discussion

Many studies have demonstrated satisfactory short-term
clinical and functional outcomes of OLIF but studies evaluat-
ing perioperative complications are still lacking. The study by
Silvestre et al remains the largest cohort study so far describ-
ing the outcomes of the OLIF procedure.12 They reported 20
complications with incisional pain being the most common
followed by sympathetic chain injury. Our series had an
overall incidence of 25% perioperative complication with

no mortality. All these complications occurred over a period
of 5 years with most of the complications occurring during
the initial 2 years of learning curve and afterward therewas a
substantial reduction in complications.

Decreased endplate volumetric bone mineral density and
standalone status without posterior screws experienced
subsidence nearly 2.5 times higher than patients with no
risk factors.13 Despite all patients having undergone poste-
rior instrumentation in our series, we had a high number of
cage subsidence with one patient developing recurrence of

Fig. 3 Preoperative lateral X-ray (A) and T2-weighted (T2W) magnetic resonance imaging (MRI)—midsagittal section (B) and axial section
at L4–5 level (C) who underwent L4–5 transforaminal lumbar interbody fusion (TLIF), showing grade 1 degenerative spondylolisthesis
with severe lumbar canal stenosis (LCS). Patient developed recurrence of claudication symptoms after 1 year of surgery. T2-weightedmidsagittal
(D) and axial MRI images at L4–5 level (E) done at 1-year follow-up showing recurrence of stenosis. Revision posterior decompression was
done after 1 year of initial surgery.

Table 4 Clinical outcomes at final follow-up

Outcome Preoperative Postoperative p-Value

Visual Analog Scale 7.8� 1.8 2.7� 1.5 0.036

Oswestry Disability Index 77.18�8.16 16.82�8.62 0.027
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symptoms due to loss of indirect decompression necessitat-
ing reoperation at 1 year. This significant difference in the
reported incidence of this complication may be due to
multiple factors like differences in the duration of follow-
up in the available studies, difficulty in identifying subsidence
of polyetheretherketone cages comparedwith titanium cages,
and differences in the criteria for assessing subsidence. Subsi-
dence depends on multiple factors related to bone quality,
implant material, and technique. We recommend against
aggressive endplate preparation and using an appropriate
size cage to prevent such complications.

Neurological deficit was noted in 6 patients. It includes
anterior thigh or groin numbness; ipsilateral psoasweakness
and bilateral foot drop due to cage displacement. All but two
recovered in 3 months. Groin numbness in one patient and
foot drop in one patient due to cage displacement persisted
beyond 1 year.

We have encountered one case of ureteric injury which
was diagnosed in the postoperative period. The patient had a
clear watery collection in the drain in the postoperative
period. However, we had a differential diagnosis of cerebro-
spinal fluid leak due to dural injury or urine leak due to
ureteric injury. To differentiate this, pyridium tablet, an
analgesic with azo dye, was given which caused the urine
to stain orange and this confirmed our diagnosis of ureteric
injury (►Fig. 4). Computed tomography urography further
highlighted our diagnosis. Urinary diversion was done ini-
tially followed by ureteric repair with graft after 1 month.
After this instance, we place ureteric catheters in patients
undergoing revision surgeries where massive adhesions are
expected, to easily identify ureter intraoperatively and also
in multilevel procedures. Some surgical strategies to avoid a
ureter injury could be the complete retraction of the retro-
peritoneal fatty tissue before starting the discectomy, the
anterior mobilization of the ureter, and the thorough inspec-
tion of the intervertebral space through the tubular retractor.
Lastly, the possibility of a ureter lesion should be considered
when faced with perioperative hematuria or nonspecific

signs and symptoms in the postoperative scenario, such as
abdominal pain, fever, vomiting, ileus, leukocytosis, or ab-
dominal distention distension, and clear discharge from the
surgical wound.

ASD is a well-known complication of any spinal fusion
procedure and OLIF is no exception to this. Though the inci-
dence of radiographic adjacent segment pathology is reported
tobeashighas44% in lumbar fusionsurgeries, clinical adjacent
segment pathology (ASP) is much lower and only 6% needed
reoperation.14 Incidence of both clinical and radiographic
adjacent segment pathology is theoretically lesser in OLIF as
compared with TLIF, since the posterior elements are not
exposed or damaged. In our series, the incidence of ASD
followingOLIF is 3.5% andnone required surgical intervention.
If ASD is symptomatic andwarrants surgery, reoperationwith
an extension of instrumentation and fusion to include the
newly degenerated symptomatic level may be required.15

Other complications described in the literature include
sympathetic chain injury, vascular injury, iliac or iliolumbar
vein laceration, postoperative lower limb ischemia, lateral
femoral cutaneous nerve injury, transient intercostal neu-
ralgia, symptomatic pseudoarthrosis, pleural laceration,
anterolateral ligament rupture, wound complication, psoas
abscess, retrograde ejaculation, and ventral dural injury.16

Themain limitationofour study is the low sample sizewith
midterm follow-up. Thus, we recommend further research
with longer clinical and radiographic follow-upwith increased
sample size which can help delineate the complication rates
and the more delayed complications of the procedure.

Conclusion

OLIF is a promising surgical technique with the potential to
treat variety of degenerative conditions of the lumbar spine,
with considerable advantages over the posterior surgical
approaches in properly selected patients. But despite its
various benefits, OLIF can lead to serious complications in
rare instances. A good understanding of the complications of

Fig. 4 Computed tomography (CT) urography (A) showing nonvisualization of left ureter in a patient who sustained ureteric injury during multilevel
oblique lumbar interbody fuison (OLIF). Postoperative clinical images (B) showing separate drainage tubes for the surgical wound and drainage of
urine (note the color of the urine due to pyridium tablet) from the ureter. Delayed repair of the ureter was performed after 1 month.
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this procedure is essential not only to help the surgeon
exercise adequate preventive measures but also to counsel
the patient regarding the outcomes and complications.
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