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Background: Oblique lumbar interbody fusion (OLIF) is a minimally invasive technique performed
through the antero-oblique trajectory to address a wide range of lumbar pathologies. However, it can
lead to complications. We reviewed the results of OLIF and discussed the effective methods to avoid such
complications.

Methods: Seventy-nine consecutive patients who underwent OLIF between May 2016 and July 2019 were
retrospectively analyzed. They were divided into three groups: stand-alone, posterior, and lateral fixation,
according to whether they were followed up with auxiliary internal fixation as well as the fixation methods.
Preoperative and last follow-up visual analog scale (VAS) and Oswestry Disability Index (ODI) scores
were used to assess the improvement in the lower back and leg pain as well as neurological conditions. We
analyzed intervertebral disc height (DH), segmental lumbar lordotic angle (SLL), lumbar lordotic angle
(LL), pelvic tilt (PT), pelvic incidence-lumbar lordosis (PI-LL) mismatch, and the cross-section area (CSA)
on axial magnetic resonance imaging (MRI) image in different groups. Complications, including thigh
symptoms, cage subsidence, neurological injury, and vascular injury, were also noted.

Results: Seventy-nine patients were followed up postoperatively for 23.2«11.5 (range, 12-48) months.
Forty-eight (61%) patients underwent stand-alone surgery (without fixation), 15 (19%) patients underwent
supplemental percutaneous pedicle screw fixation (posterior fixation), and 16 (20%) patients underwent
lateral vertebral instrumentation (lateral fixation). In all three groups, the VAS score and the ODI score had
significantly decreased at the final follow-up compared to pre-operation. The DH, SLL, LL, CSA, PT, and
PI-LL mismatch had also improved by final follow-up. The most common approach-related complication
was thigh symptoms. Of the 79 patients, ipsilateral transient psoas paresis occurred in 9 (11.4%), ipsilateral
transient quadriceps weakness in 2 (2.5%), and groin/thigh numbness and pain in 17 (21.5%). Cage
subsidence occurred in 8 (10.1%) patients, including five cases of grade 0, one of grade I, and two of grade II.
Three (3.8%) patients in this study had a vascular injury.

Conclusions: OLIF is a minimally invasive and effective technique for dealing with degenerative lumbar

diseases. However, it should also be noted that this approach carries risks of complications.
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Introduction

Lumbar interbody arthrodesis is a safe, effective surgical
procedure to treat lumbar disc herniation, degenerative
disc disease, instability in lumbar spondylolisthesis, spinal
deformity, and discogenic back pain. It can increase fusion
rates and correct coronal and sagittal alignment (1).
Minimally invasive approaches have been increasingly
applied over the years, each with their advantages and
disadvantages. Posterior lumbar interbody fusion (PLIF)
and transforaminal lumbar interbody fusion (TLIF) have
demonstrated reasonable fusion rates and clinical results.
Nonetheless, compared to anterior lumbar interbody
fusion (ALIF), PLIF and TLIF only allow smaller cage
sizes, incomplete anterior release, and also increase the risk
of nerve root traction injury (2). ALIF provides efficient
access to the anterior spinal column, allows comprehensive
intervertebral disc clearance, and permits a large cage to
restore lordosis and disc height (DH). It also increases the
neuroforaminal volume and indirectly decompresses existing
nerve roots (3). However, ALIF is also associated with
comparatively high rates of approach-related complications,
such as injury to the ureters, major retroperitoneal vessels,
peritoneum, ilioinguinal and iliohypogastric nerves, and
autonomic nervous system. It also involves a risk of causing
retrograde ejaculation associated with superior hypogastric
plexus injury (4). Extreme lateral interbody fusion (XLIF)
was first introduced by Pimenta and later popularized by
Ozgur ez 4l. in 2006 (5). XLIF avoids the paraspinal muscle
and longitudinal ligament dissection required by TLIF and
PLIF and does less direct harm to the abdominal viscera
than ALIF (6). XLIF allows less vascular injury, better
access, shorter operation time, larger cage placement, less
bleeding, and faster recovery (7). Nevertheless, lateral access
is obstructed at L5/S1 owing to the overlap of the iliac crest.
XLIF is also associated with postoperative thigh symptoms
of pain, numbness, or weakness, even with a meticulous
surgical technique and neuromonitoring, as it passes
through the psoas. Moreover, real-time electromyography
monitoring is essential when performing XLIF surgery
owing to the lumbar plexus course through the psoas (8).
The oblique lumbar interbody fusion (OLIF) approach to
the lumbar spine via the corridor between the psoas major
and the aorta has been developed to reduce the procedure-
related complications (5). It avoids the peritoneum
and causes fewer dural injuries compared to anterior
and posterior interbody fusion techniques. It is a well-
accepted alternative to anterior, posterior, and transpsoas
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procedures for lumbar interbody fusion. Additionally,
neuromonitoring is unnecessary because the lumbar plexus
remains intact. OLIF has theoretical advantages such as
indirect decompression of neural structures, preservation of
ligaments, a large footprint to span the apophyseal ring, and
a satisfactory fusion rate. However, no surgical technique is
a panacea for ensuring perfect safety, and this study aims to
explore the clinical effect and associated complications with
OLIF. We have presented the following study in accordance
with the STROBE reporting checklist (available at http://
dx.doi.org/10.21037/atm-20-2159).

Methods

The study was conducted per the Declaration of Helsinki
(as revised in 2013). The study was approved by the
institutional research ethics committee of the Xuanwu
Hospital of Capital Medical University {No.[2018]027},
which waived the requirement for informed patient consent
because of the retrospective nature of the analysis.

We retrospectively analyzed 79 patients who underwent
OLIF surgery (stand-alone or with posterior percutaneous
screws/lateral instrumentation), from May 2016 to July
2019. The stand-alone procedure used no supplemental
posterior instrumentation. Demographic information was
collected for all patients (Tuble 1). The operation time
was measured as the time from initial incision to incision
closure. Patients’ general and neurological conditions
were evaluated at admission and final follow-up using the
visual analog scale (VAS) and the Oswestry Disability Index
(ODI). All patients underwent four-view X-ray, computed
tomography (CT), magnetic resonance imaging (MRI), or
computed tomographic angiography (CTA) examinations
preoperatively and postoperatively.

The inclusion criteria were the following: (I) patients with
chronic back pain and/or leg pain, with worsening neurologic
deficits and neurogenic intermittent claudication; (IT) patients
with diseases including lumbar degenerative disc herniation,
mild spondylolisthesis (grade I or II), spinal stenosis, lumbar
degenerative scoliosis/kyphosis, adjacent segment disease,
and spinal spondylolysis with or without vertebral slippage;
and (III) failure of previous conservative treatment for
a minimum of 6 months. We excluded patients with an
active infection, spinal tumor, trauma, severe osteoporosis,
peritoneal operation history, high-grade spondylolisthesis,
severe lumbar spinal canal stenosis requiring direct
decompression, and spontaneous facet joint fusion of
the addressed segment. Stand-alone OLIF or combined
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Table 1 Demographic characteristics

Characteristics Value
Total 79

Sex (male/female) 34/45
Age (years), mean + SD [range] 67+10 [37-86]

Follow-up (months), mean + SD [range] 23.2+11.5 [12-48]

BMI (kg/m?), mean + SD [range] 25.9+3.6 [16.6-35.9]
EBL (mL), mean + SD [range] 142.5+45.8 [142-300]

Operation time (min), mean + SD [range] 197.7+129 (71+637)

Length of hospitalization (days), mean + 7.8+3.5 [3-28]
SD [range]
Diagnosis
Degenerative disc herniation 36
Degenerative spondylolisthesis 12
Isthmic spondylolisthesis 3
Lumbar stenosis 9
Lumbar degenerative scoliosis/kyphosis 11
Adjacent segment disease 8
Concomitant diseases
Hypertension 43
Diabetes mellitus 15
Coronary artery disease 9
Number of fusion levels
T12/1 2
L1/L2 5
L2/L3 31
L3/L4 49
L4/L5 57
Stand-alone surgeries 48
Instrumented surgeries
Percutaneous pedicle screws 15
Lateral vertebral instrumentation 16

BMI, body mass index; EBL, estimated blood loss; SD, standard
deviation.

OLIF (posterior percutaneous pedicle screw fixation or
lateral instrumentation) was performed. A supplementary
posterior or lateral instrumentation was performed if any of

the following conditions were true: (I) dual-energy X-ray
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absorptiometry (DEXA) indicated 7 value <1.0, (II) a body
mass index >30 kg/m’, (IIT) negligent intraoperative endplate
damage, (IV) grade II spondylolysis (9).

The following complications were considered to be
approach-related: spinal dura mater tear, abdominal vascular
injury, ureteral injury, ipsilateral psoas paresis, ipsilateral
quadriceps weakness, sympathetic chain symptom, screw
malposition, segmental vascular injury, cage sedimentation
or shifting, wound infection, peritoneal laceration, left lower
abdominal pain, incomplete ileus, contralateral nerve root
injury, vertebral fracture, reoperation, right psoas major
hematoma, pseudarthrosis, and pseudohernia. Non-approach-
related complications included urinary system complications,
respiratory complications (pneumonia), and delirium.

Fusion criteria included bony trabeculation across the
intervertebral level and no bony lucency at the vertebral
body junction (10). The subsidence of an interbody fusion
cage was also detected. Subsidence grading is defined as
the percentage of vertebral body or disc space collapse
compared with the immediate postoperative images (11).
Marchi et al. (12) analyzed radiographic graft subsidence
following stand-alone LLIF. They proposed a grading
scale to describe the degree of subsidence, with low-grade
being grades 0 and I (0-24% and 25-49%, respectively) and
high-grade being grades II and III (50-74% and 75-100%,
respectively). The CT scans and standing lateral lumbar
spine radiographs were evaluated by an independent
radiologist and the operation team according to these
criteria.

Surgical technique

The patient was placed in a correct right-sided lateral
decubitus position. The fluoroscopic examination was used
to confirm the disc level, which was marked on the skin.
A 3-4 cm skin incision was made for a single-level fusion,
centered on the target segment and parallel to the external
oblique muscle, followed by blunt dissection of the internal
oblique muscle fascia and transverse abdominis along the
direction of the muscle fibers. For multilevel fusions, a
sliding window technique was applied to access the disc
spaces without expansion of the initial incision. After blunt
dissection of the retroperitoneal space, the peritoneum and
vascular structures were mobilized anteriorly with posterior
retraction of the psoas major. Then, the intervertebral
disc was exposed through a corridor between the aorta
and the psoas, and the retractor system was docked.
Neuromonitoring was not conducted because no dissection
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of the muscular fibers was done. Discectomy was performed
sequentially; the cartilaginous endplate was removed to
expose the subchondral bone. A proper sized cage (DePuy
Synthes, Raynham, MA, USA) was packed with allogeneic
bone graft and hydroxyapatite. The implantation started
from the lateral oblique direction, proceeding through
the true lateral direction using the rotation maneuver.
Fluoroscopy was applied to confirm that the implants
and instruments were in a proper position. To avoid cage
subsidence and loss of intervertebral space, lateral or
posterior supplemental instrumentation was subsequently
applied. Lateral screws were placed into the vertebral
bodies without repositioning or draping, and the entrance
points were kept proximal to the adjacent endplate to
avoid segmental vessel injury. For patients who underwent
posterior percutaneous pedicle screw fixation, they were
repositioned to prone decubitus and then performed based
on the routine procedure.

Statistical analysis

Statistical analyses were performed using the Statistical
Package for the Social Sciences (SPSS Version 24, IBM
Corp., Armonk, NY, USA). The patients were divided into
three groups: stand-alone, posterior, and lateral fixation.
The index of the preoperative and final follow-up clinical
results was compared. For the multilevel cases, the average
score was calculated: VAS, ODI, intervertebral DH (the
average of the anterior and posterior DH: millimeter mm),
segmental lumbar lordotic angle (SLL) and lumbar lordotic
angle (LL), pelvic tilt (PT), pelvic incidence-lumbar lordosis
(PI-LL) mismatch, and the cross-section area (CSA) on axial
MRI image. The continuous data were reported as a mean
+ standard deviation. The categorical data were described
as frequencies and percentages. A Chi-square test was used
to analyze categorical variables. The comparisons between
preoperative and postoperative parameters within groups
were performed by the paired Student’s 7-test, and the
Kruskal-Wallis test was used to compare the three groups.
Statistical significance was set at an alpha level of 0.05.

Results

Seventy-nine patients (34 men, 45 women) were included in
this cohort, and 144 levels were treated. They were followed
postoperatively for 23.2+11.5 (range, 12-48) months.
Patients’ demographic characteristics are shown in Table 1.
Forty-eight (61%) patients underwent stand-alone surgery,
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15 (19%) patients underwent supplemental percutaneous
pedicle screw fixation (posterior fixation), and 16 (20%)
patients underwent lateral vertebral instrumentation
(lateral fixation). Satisfying results were obtained in selected
patients (Figures 1,2). An average of 1.8 levels were treated
per patient (range, T12-L5). The most frequently treated
levels were L4/L5 (29.7%), followed by L3-1L4 (25.2%)
and L2-L3 (16.1%). In the three groups, the mean VAS
scores for back pain and leg pain, as well as the ODI score,
decreased significantly by the final follow-up visit compared
with pre-operation measurements. Meanwhile, there was
no statistical difference in the index among the three groups
(seen Table 2). The DH, SLL, LL, CSA, PT, and PI-LL
mismatch improved after the operation. The improvements
were statistically significant when compared to pre-
operation; however, the indexes showed no statistically
significant differences among the groups in this study (see
Table 3).

The most common approach-related complication
(Table 4) was thigh symptoms: ipsilateral transient psoas
paresis occurred in 9 of 79 (11.4%) patients, ipsilateral
transient quadriceps weakness in 2 of 79 (2.5%) patients,
and groin/thigh numbness and/or pain in 17 of 79 (21.5%)
patients. Most complications disappeared after 3 months,
while in one case of quadriceps weakness, the complication
resolved 6 months postoperatively. In this study, no
retrograde ejaculation, peritoneal laceration, incomplete
ileus, or ureter injuries occurred. Cage subsidence occurred
in eight patients, including five cases of grade 0, and one
case of grade I (three grade 0 and one grade I in the stand-
alone group, one grade 0 in posterior fixation group,
and one grade 0 in the lateral fixation group). These
patients did not undergo reoperation owing to symptom
improvement. There were also two cases of grade II in the
stand-alone group, which occurred in three levels addressed
segments. Their back pain worsened, and they had to
undergo posterior percutaneous instrumentation 6 months
postoperatively.

Three patients in this study suffered a vascular injury.
One patient underwent intervascular embolization for
vascular injury, retroperitoneal bleeding, and subsequent
shock (Figure 3). She also underwent immediate
endovascular interventional treatment and hematoma
evacuation, following which she showed good recovery.
Two segmental vascular lesions were identified during the
operation and were controlled with electrocoagulation
hemostasis. Another patient suffered sharp pain when
turning from prone to supine, and MRI revealed a disc

Ann Transl Med 2021;9(1):16 | http://dx.doi.org/10.21037/atm-20-2159



Annals of Translational Medicine, Vol 9, No 1 January 2021 Page 5 of 13

Figure 1 A female, 56 years old, had the chief complaint of back pain and intermittent claudication for two years. Preoperative images
examination indicated she had segmental lumbar scoliosis and stenosis, manifested as coronal spinal imbalance (A: fluoroscopy results),
smaller central spinal canal diameter from L1-2 to L4-5, and disc height loss (B and C: sagittal global lumbar and L3—4 axial MRI results).
Postoperative images showed that coronal imbalance was modified from 15.61° to 2.87° after applying lateral instrumentation (D). The
inserted proper sized cage from L1-2 to L4-5, four levels total, restored the disc height, amplified the central canal area, and achieved

indirect decompression (E,F,G). Six-month follow-up CT revealed that the trabecular bone was seen between the cage and vertebrates.
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A

Figure 2 A female, 63 years old, suffered back pain for 1 year. Preoperative MRI indicated L3-4 and L4-5 stenosis (A,C,D). X-ray
examination showed L3 spondylolisthesis (B, grade I). After the stand-alone OLIF in the two segments, L3 vertebrae spondylolisthesis got
corrected, intervertebral height was rebuilt (F), and the central canal region was dilated (E,G,H). MRI, magnetic resonance imaging; OLIF,

oblique lumbar interbody fusion.

Table 2 Preoperative and final follow-up low back and leg pain scores and ODI

Variables Stand alone Posterior fixation Lateral fixation P value

Low back pain VAS

Pre-low back pain VAS 5.08+1.91 4.53+2.20 5.19+2.43 0.449
Final follow-up low back pain VAS 2.69+1.32 1.46+1.42 2.01+1.41 0.461
P value <0.001 0.001 <0.001

Leg pain VAS
Pre-leg pain VAS 3.89+2.16 4.13+£2.19 2.81+1.11 0.106
Final follow-up leg pain VAS 1.56+1.12 1.88+1.32 1.13+0.81 0.058
P value <0.001 0.001 <0.001

ODlI
Pre-ODI 30.06+15.32 32.80+10.81 28.06+13.59 0.406
Final follow-up ODI 14.96+9.15 16.87+7.52 15.44+13.96 0.441
P value <0.001 0.001 0.009
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Table 3 Changes in preoperative and postoperative DH, SLL, CSA, LL, PT, PI-LL

Variables Stand alone Posterior fixation Lateral fixation P value

Disc height (DH)
Pre-operation 9.62+6.03 8.31+4.25 8.96+5.83 0.325
Final follow-up 13.21+5.63 12.62+4.29 12.85+4.95 0.482
P value <0.001 <0.001 <0.001

Segmental lumbar lordotic angle (SLL)
Pre-operation 13.89+11.20 11.96+8.37 13.27+9.68 0.479
Final follow-up 16.07+8.63 15.82+10.31 17.12+8.39 0.237
P value <0.001 <0.001 <0.001

Cross section area (CSA)
Pre-operation 107.86+30.22 112.54+28.63 105.36+22.54 0.528
Final follow-up 134.03+31.54 129.65+30.98 127.52+35.11 0.413
P value <0.001 <0.001 <0.001

Lumbar lordotic angle (LL)
Pre-operation 36.55+15.71 39.71+18.11 40.26+13.92 0.537
Final follow-up 42.66+11.28 42.51+10.93 43.53+12.75 0.395
P value <0.001 0.038 <0.001

Pelvic tilt (PT)
Pre-operation 24.96+10.89 26.84+8.91 24.83+9.64 0.415
Final follow-up 18.01+6.96 21.27+6.32 19.92+5.41 0.228
P value <0.001 <0.001 <0.001

PI-LL
Pre-operation 21.85+12.01 23.52+11.96 23.92+10.68 0.261
Final follow-up 11.06+10.47 156.57+9.92 13.84+8.95 0.069
P value <0.001 <0.001 <0.001

PI-LL, pelvic incidence-lumbar lordosis.

residual was compressing the contralateral nerve root
(Figure 4). Psoas hematoma, vertebral endplate injury,
and retroperitoneal effusion were also noted (Figures 5-7,
respectively).

Discussion

OLIF helps preserve the psoas muscle and does not
require dissection. This theoretically reduces postoperative
thigh pain (13,14). This approach has minimal peritoneal
retraction, direct disc space visualization, a larger cage, less
blood loss, combined indirect and direct decompression,
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and no need for neuromonitoring (15). It has been
previously reported that the L4-L5 level could also be
reached in cases with a high-riding iliac crest for a slightly
anterior OLIF approach, and it was also possible to access
L5-S1 in the lateral position (16). Furthermore, OLIF has
broad indications, a low risk of post-treatment trauma,
excellent stability, and short hospitalization time. The
advantage of stand-alone OLIF in reducing operation time
and injury has further promoted its clinical application (17).
However, no technique is a panacea, and the complications
cannot be fully avoided.

In this study, the most frequent complications were
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Table 4 Complications and number of patients

Complications No. of patients (n=79)

Approach-related complications

Abdominal vascular injury 1
Spinal dural tear 0
Ureteral injury 0

Thigh symptoms

Psoas paresis 9

Quadriceps weakness 2

Groin/anterior thigh numbness/pain 17
Sympathetic chain symptom 1
Screw malposition 0
Segmental vascular injury 2
Cage subsidence 8
Wound infection 2
Peritoneal laceration 0
Left lower abdominal pain 3
Incomplete ileus 0
Contralateral nerve root injury 1
Vertebral fracture 0
Right psoas major hematoma 3
Pseudarthrosis 0
Pseudohernia 1

Non-approach-related complications

Urinary system complications 0
Respiratory complication (pneumonia) 2
Delirium 1

groin/thigh numbness and/or pain, and ipsilateral
iliopsoas weakness. The high-rate incidences of groin/
thigh complications in this cohort occurred mainly
in the initial period of learning and applying this new
technique. Thigh symptoms, including thigh weakness
and knee extensor muscle weakness, abnormal sensation
of dysesthesia, paresthesia, burning, and pain reportedly
result from direct nerve injury and/or indirect compressive
neuropathy (18). Transient thigh symptoms are always
experienced postoperatively and could be as high as 62.7%
in XLIF cohorts (19). For OLIF, prior studies reported
rates ranging from 1.3% to 21.4% (1,13,17), but these
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are likely underestimated because only motor dysfunction
was described and not sensory abnormalities. Adverse
postoperative neurological effects are still a significant
concern despite intraoperative nerve monitoring (20).

While OLIF may decrease neurological injury by
preserving psoas and avoiding the lumbar plexus, direct
and/or indirect harm to the lumbar plexus nerves producing
transient or permanent neurological damage can still
occur (21). For example, during the separation of internal
oblique muscle and transverse muscle, the iliohypogastric
nerve or the ilioinguinal nerve may be injured. The
genitofemoral nerve or the sympathetic chain could also
be damaged when pulling or stripping the psoas (22).
If there is an incorrect invasion of the contralateral
canal or the intervertebral foramen after cage insertion,
the caudal nerve or the nerve root can get injured (13).
Moreover, a high degree of prolonged nerve compression
or excessive stretching of the psoas can lead to ischemia of
the involved nerve and functional failure (20). The psoas
major hematoma compresses the ipsilateral or contralateral
lumbar plexus. This combination of neuropathy, mechanical
compression, and stripping, therefore, can lead to thigh
symptoms. Long-term and high-power compression and
retraction of the psoas major muscle can also induce the bad
paresthesia.

According to different lumbar levels, surgeons must be
familiar with the local anatomy and carry out the operation
in neurologically safe zones (9,23,24). The iliohypogastric
and ilioinguinal nerves should be protected while the
abdominal muscle layers are being separated. Clinicians
should also be wary of psoas hematoma and must try to
avoid it during contralateral annulus release. Protection
methods also include intermittent retractor release and cage
insertion orthogonal to the vertebral body in the sagittal
view to prevent it from impinging the contralateral nerve
root or being advanced into the vertebral canal (25,26).

The goal of interbody fusion is complete incorporation of
the fusion and restoration of DH. Subsidence may result in
loss of disc space height and angle correction, jeopardizing
the indirect decompression of nervous structures and
the anatomic quality of the fusion. Furthermore, loss
of lordosis due to anterior subsidence carries the risk of
adjacent segment degenerative disease (27). Factors such
as osteoporosis, improper operative practices, endplate
violation, cage sizes, vertebroplasty, posterior pedicle screw
fixation, and mono or multiple segmental fusion could affect
subsidence and impact the clinical results (28).

Stand-alone OLIF without posterior instrumentation has
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Figure 3 Intravascular embolization and hematoma evacuation were done for a retroperitoneal hematoma and shock case. Digital

subtraction angiography revealed the internal iliac artery and lateral fixation (A); bleeding point at a branch of the internal iliac artery (white
arrow middle); embolization with Onyx (white arrow right) (B).

N

‘Vi

)

Figure 4 Sharp pain occurred when the patient was moved from the operation vehicle to the ward bed about 1 hour after surgery. A residual
intervertebral disc intruded the contralateral foraminal and compressed the nerve root (lumbar T2-weighted MRI white arrow; A,B), then a

revision surgery was applied from the posterior trajectory. MRI, magnetic resonance imaging.

been used in selected patients (29). Our study indicated that over age 50 with suspected osteopenia or osteoporosis.
in 75% of cases, the incidence of cage subsidence was grade OLIF with supplemental posterior or lateral fixation at the
0, and was highest in the stand-alone group. Two cases of initial surgery is preferable in patients with osteoporosis.
grade II required posterior percutaneous instrumentation. Supplemental posterior pedicle screws can provide three-
The DEXA examination was recommended for patients column fixation, maximal load sharing, and support. A
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Figure 5 Right psoas hematoma (white arrow) was found and
accompanied back and groin pain; however, the symptom

remarkably relieved 3 months later with conservative treatment.

Figure 6 The intraoperative vertebral endplate was injured due to

the placement of the intervertebral cage in the wrong direction.

proper sized cage could also be used to increase contact
with the cortical bone and apophyseal ring to prevent
subsidence (30). Meticulous endplate preparation is highly
essential, and gentle blunt force is needed to open the
intervertebral disc; otherwise, endplate violation would
weaken the axial loading stress on the vertebral bone for the

graft directly in contact with the cancellous bone (11). As
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Figure 7 Retroperitoneal effusion (white arrow) accumulated at
the operative corridor and compressed the psoas major, resulted in 3/5
muscle strength of the ipsilateral thigh. Reopened the wound, aspirated
the hydroma, and quickly the muscle strength improved to 4/5.

illustrated in Figure 6, the bony endplate can be injured due
to excessive reaming of the endplate cartilage.

During the operation, the cage should be inserted into
the intervertebral space parallel to the endplate to avoid
endplate violations (28). The lumbar lordosis, scoliosis, and
vertebral rotation can change the original direction of the
intervertebral space. Thus, the fluoroscopy should always be
adjusted to find the exact direction of intervertebral space
and be used to guide cage insertion (31). Furthermore, it
is unclear whether the low-grade cage subsidence is true
subsidence without accompanying symptoms. This needs
to be investigated further when following up or during the
fusion process of the cage and the vertebral bone (10,32).

Operative vascular injury can occur on the ipsilateral or
contralateral side. However, its incidence in our study was
acceptable (3 cases, 3.8%) compared to previous reports.
Silvestre et al. (13) reported iliac vessel injury in 1.1%
of 179 patients who underwent OLIF. Assina et a/. (33)
described a case fatality due to great vessel injury, caused
by the detachable blade following an XLIF approach.
Zeng et al. (28) also reported a 2.98% incidence of vascular
injury in 7 OLIF procedures. Preoperative evaluation of
the major vessels and their anatomical variations is vital
to prevent catastrophic complications. MRI and CTA
examination are recommended to analyze the relationship
between the vessels, the psoas, and the bifurcation of the
aorta iliac vessels. The surgeons should be familiar with
the patients’ anatomy and variations and take care not to
violate the anterior longitudinal ligament to avoid possible
vascular injury. They should also check for bleeding when
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removing the self-retractor, and monitor the blood pressure
postoperatively, especially for the first 24 h.

Right psoas hematoma is another complication that can
often be overlooked (3 cases in our study). The presentation
typically included dull pain on the side contralateral to the
access point, most often insidious and nonspecific, with
or without iliopsoas or femoral weakness. Its etiology was
associated with incorrect placement of tools and contralateral
annulus fibrous release damage when manipulating the
discs, which always occurred on account of segmental vessel
injury (34). Coronal T2-weighted imaging is used for routine
preoperative evaluation to identify the aberrant vessels
concerning the lumbar intervertebral space (35).

This study has a few limitations. This was a relatively
small retrospective study from one clinical center. The
study population was heterogeneous with different lumbar
levels and pathologies. The comparative effectiveness and
safety related to other interbody fusion approaches were
missing and could not be determined in this study. The
long-term follow-up data should be collected in the future
to assess the postoperative long-term outcomes of this
surgical technique.

Conclusions

OLIF is a surgical technique for mini-invasive lumbar
interbody fusion and does not require neuromonitoring.
This technique has a promising future. However, this
approach also carries the risk of complications. By
summarizing the complications encountered during
treatment, we intended to make the clinicians familiar with
the pros and cons. The longer follow-up radiographic and
clinical data can help delineate the complication rates, the
nature of cage subsidence, and the true merits of the OLIF
approach.
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