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Abstract:

Lumbar lateral interbody fusion (LLIF) has been gaining popularity among the spine surgeons dealing with degenerative
spinal diseases while LLIF on L5-S1 is still challenging for its technical and anatomical difficulty. OLIF51 procedure
achieves effective anterior interbody fusion based on less invasive anterior interbody fusion via bifurcation of great vessels
using specially designed retractors. The technique also achieves seamless anterior interbody fusion when combined with
OLIF25. A thorough understanding of the procedures and anatomical features is mandatory to avoid perioperative complica-
tions.
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Introduction

Recent advancement in lumbar spine surgery techniques
have achieved great proceedings by the development of less
invasive anterior interbody fusion procedure, or lateral inter-
body fusion (LIF) surgery'”. The LIF technique includes
mainly two major techniques: psoas-splitting LLIF (XLIF:
eXtreme LIF) and non psoas-splitting LLIF (OLIF: Oblique
LIF). Among them, OLIF is less invasive with almost no in-

vasion or compression to the psoas muscle compared with
XLIF via the anatomical window called oblique lateral corri-
dor in front of the psoas muscle at L2-5 levels (OLIF25)".
However, the OLIF25 procedure is not enough to approach
L5-S1 segment for anatomical reasons with complicated vas-
cular structures such as ascending lumbar vein. Traditional
ALIF procedure can access the L5-S1 disc space via the
central disc space between the bifurcations of the iliac ves-
sels in a supine or semi-supine position, where OLIF25 can
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hardly approach by technical and positioning reasons. Re-
cent development has made the area accessible with a modi-
fied lateral approach to access to the central portion of L5-S
1 disc using specially designed retractors in the decubitus
position, that can achieve seamless combination with OLIF
25, called OLIF51 that is approved in Japan in 2019 with
available implants. The current technical note aimed to de-
scribe the indication and techniques of OLIF51 surgery, in-
cluding case presentation and complication based on litera-
ture.

Indications

The indications for OLIF51 are similar to those for tradi-
tional anterior lumbar interbody fusion: discogenic lower
back pain with unstable degenerative discs with no canal
stenosis, spondylolysis, and degenerative spondylolisthesis,
and failed back syndromes®”. Cases with severe synovitis or
severe intracanal/intraforaminal bony spur may require direct
posterior decompression for ensured enlargement of the neu-
ral pathway. OLIF51 has two merits in lumbosacral pathol-
ogy. Firstly, OLIF51 can provide, like OLIF25 procedure,
significant correction in both coronal and sagittal imbalance
followed by achievement of proper spinal sagittal balance
and improved outcomes™'” as well as indirect decompression
with spontaneous enlargement of spinal canal and foramen.
Pathological adjacent segment disease (ASD) at L5-S1 disc,
that can be caused by floating lumbar fusion'"?, is also a
good indication for OLIF51. Secondly, OLIF51 can provide
more lordosis that is expected more in the patients who re-
quire more lordotic lumbosacral junction, such as degenera-
tive kyphoscoliosis cases with pelvic malalignment. These
features indicate that OLIF51 is one of the viable options
for adult degenerative scoliosis"
OLIF25 fusion.

combined with multilevel

Preoperative Planning

The OLIF51 procedure requires a thorough understanding
of the retroperitoneal anatomy of the patients, as the proce-
dure can associate with significant complications such as
great vascular injury or retrograde ejaculation.

X-ray

A careful review of the relationship of the location of the
iliac crest and the L5-S1 level is important. Unlike OLIF25,
high-iliac crest does not matter in the oblique lateral trajec-
tory for OLIF51 but does sometimes matter when the sur-
geon plans to perform simultaneous OLIF25 on L4-5 level”.

Magnetic resonance imaging (MRI) and computed to-
mography (CT) scan

Checking retroperitoneal organs such as the position and
shape of the iliopsoas muscle and anterior vasculature, in-
cluding the location of bifurcation, is mandatory. Preopera-
tive sagittal and axial MRI and CT scan are useful to deter-
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mine the location of the bifurcation and transitional anat-
omy. When the iliac vessels, especially left common iliac
vein, were congested in front of the L5-S1 disc, the sur-
geons must be careful in adopting the indication for OLIF51
surgery, as that can lead to vascular injury by excess mobili-
zation and/or interference with the great vessels (Fig. 1 (a,
b)). On the other hand, unlike OLIF25, anteriorly located
iliopsoas does not matter. Abdominal CT angiography
should be performed to evaluate bony factors, vessel trajec-
tory, and urinary tracts. Three-dimension reconstruction pro-
vides images on how the possible view of the surgical field
as well as its anatomical features (Fig. 1 (c, d)). Further-
more, confirmation of the relative location of L5-S1 space to
the pubic symphysis (Fig. 1 (e, f)). These preoperative in-
vestigation and planning are quite important to avoid in-
traoperative complications described later.

Surgical Technical Review for OLIF51

Patient positioning

The patient is set up as right lateral decubitus on a radio-
lucent table just as OLIF25 surgery. The patient should be
fixed using lateral boards or tape, as is reported in LLIF
procedures™*'” (Fig. 2 (a)). Unlike OLIF 25, a lateral board
for pubic symphysis should not be placed in the regular po-
sition as it can interfere with the instruments such as cage
inserters. The board can be used for restraining the thigh, or
the procedure can be done even without it only when the
patients was fixed firmly (Fig. 2 (b)).

Place the patient so as to be perpendicular to the floor,
not to the surgical table, to obtain a true lateral image. Mi-
nor adjustments by table rotation or tilting under fluorescent
guidance would be helpful for the successive positioning,
and that enables the technique much easier using C-arm.
Placing an axillary roll and bending the patient’s hips and
knees will relax the psoas and nerve fibers inside. Jack-
knifed position with a table breaking is not necessary'.

Skin marking and incision

After the positioning, identify and mark the location of
the anterior superior iliac spine (ASIS), the contour of the
iliac crest, and the target L5-S1 disc using fluoroscopy.
From the midportion of the L5-S1 disc, draw two identical
lines: a vertical line projected perpendicular to the floor, and
another one extended onto the abdomen in the direction of
the disc (Fig. 2 (c)). The incision is made 1-2 finger
breadths from the ASIS along the pelvis to avoid nerve in-
jury of the iliohypogastric and ilioinguinal nerves that exit
the abdominal cavity about 20 mm from the ASIS and run
toward the groin. The incision can be made in about 3-7 cm
in length (Fig. 2 (d, e)), which is flexible according to the
patients’ physique or necessity of combined other level
OLIF (ex. L4-5).
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Pubic
symphysis

Preoperative planning. Confirmation of the anatomy around the anterior portion of L5-S1 disc is

mandatory using MRI (a, b), abdominal CT angiography (c, d), and reconstructed sagittal CT scan (e,f). (a) The

anatomical window should be wide enough (a), and OLIF51 should not be performed when the vessels are con-

gested in front of the disc (b). Abdominal CT angiography provides the information around the L5-S1 disc: (c)

Adequate opening with good indication for OLIF51. (d) The left common iliac vein runs over the disc, and the

indication for OLIF 51 must be carefully discussed. Confirmation of the relative location of L5-S1 space to the

pubic symphysis is also essential in evaluating the preoperative approach to the L5-S1 disc space. If the direc-

tion of the L5-S1 disc goes under the pubic symphysis (e), OLIF51 approach is impossible compared with the

usual direction (f).

Approaching the retroperitoneal space and the L5-S1 disc

The surgeon can approach the retroperitoneal space using
a Kelly Clamp or simply two fingers via blunt dissection of
abdominal external oblique muscle, internal oblique muscle,
and transversalis muscle with deep transversalis fascia in its
back as is described in the OLIF25 procedure. If the inci-
sion is located more medial, the entry point can be just
close to the rectus abdominis muscle. In this procedure, the
external oblique muscle at that level looks like aponeurotic
that requires sharp incision.

Clean the transversalis fascia off using index fingers and a
peanut to find retroperitoneal fat through it. And then, incise
a small hole to expose the yellow retroperitoneal fat. This
fascia can have been already lacerated during the blunt dis-
section. Sweep circumferentially around the undersurface of
the transversalis fascia to ensure the peritoneum is not ad-
herent to the fascia using two index fingers, and then pal-
pate and follow the internal abdominal wall along with the
inside of the pelvis (Fig. 3 (a)). Once touch the iliopsoas
muscle that has a soft but tensioned, and pliable feeling, and
then sweep the peritoneal contents in all of the direction:
cephalad-caudal and dorsal-ventral, which allows the ab-

dominal contents to fall away from the spine, requiring sig-
nificantly less peritoneal retraction forces than a traditional
supine midline exposure. The blunt dissection continues an-
teriorly from the pelvis while searching for the very palpa-
ble common iliac artery pulse. Once palpate the pulse on the
finger pad, move the finger medially by keeping to feel the
pulse on the dorsal side of the finger (Fig. 3 (b, c)). The
surgeon can search and feel the deeply-located sacral prom-
ontory there with a possibility of touching the promontory
over the common iliac vein medial to the artery. The vein is
pulseless and can palpate like just a soft tissue that covers
the anterior portion of the L5-S1 disc and the promontory.
To ensure a safe approach to the L5-S1 disc space be-
tween the bifurcation, direct visualization of the iliopsoas
muscle and the common iliac vessels should be established
in addition to the tactile feeling (Fig. 3 (d)). The fat overly-
ing the psoas muscle and L5-S1 disc can be gently swept
using fingers, peanuts, and hand-held retractors (The ex-
posed L5-S1 disc is shown later in (Fig. 4 (c)). Especially
adventitial layers on the anterior disc and sacrum should be
mobilized using extremely gentle blunt dissection, as the
layer adheres and tethers the common iliac vein to the annu-
lus with the superior hypogastric neural plexus and sympa-
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Figure 2. Patient positioning using (a) tapes or (b) lateral boards. The patient should be fixed using lateral

boards or tape. It may be helpful to flex the lower hip for added stability. (c-d) Skin marking. (c) Under fluo-

roscopic guidance, check and mark the target L5-S1 disc space and the midportion of the disc space, and draw

two identical lines: a vertical line projected perpendicular to the floor, and another one extended onto the ab-

domen in the direction of the disc. (d, e) The incision is made 1-2 finger breadths from the ASIS along the

pelvis. The incision can be made in about 3-7 cm in length. The position of the incision depends on the disc

level and number of levels.

thetic chain within it, known as the major cause of retro-
grade ejaculation when injured.

Exposure of the L5-S1 disc

Once after the establishment of the safe retroperitoneal
pathway to the anterior portion of the L5-S1 disc under di-
rect visualization, OLIF51 retractor blades are available,
which are length enough and a channel to put a fixation pin
to the sacrum or vertebral body, and some of them have
backward curvature on their tip to ensure safe retraction
(Fig. 4 (a)). Firstly place the retractors between the bilateral
common iliac vessels, and retract them gently outward to
expose the L5-S1 disc. Continue sequential placement of the
retractors by placing the blunt-tipped blade medially that is
designed to wrap around the contralateral side of the disc.
And then, additional third medial blade can be placed to
gently retract and guard the bifurcation on the L5 vertebrae.
And then, the retractor blades are attached to the flexible
arm fixed to the operative table. The first and third blade
can be pinned to sacrum and L5 vertebral body, respectively.
Pinning the second blade is not mandatory (Fig. 4 (b)).

Disc preparation

Once the retractors are placed, it is important to confirm
the midline of the disc space under AP fluoroscopic view.
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Medial sacral vessels also can be of help to confirm the ana-
tomical midline. Medial sacral vessels should be ligated or
cauterized to assure the thorough exposure of the anterior
portion of the L5-S1 disc (Fig. 4 (c)). And then, the annulus
including anterior longitudinal ligament is incised to create a
portal at least 20 mm in length. The annulotomy should be
squarely cut from the edge of the disc and vertebral bodies
to avoid a “flapper valve” phenomenon wherein the edges
of non-removed annulus catch and tighten as the distractors
and final implant move in and out of the disc space (Fig. 5
(a)). After the discectomy, a Cobb and intervertebral distrac-
tors are inserted across the disc space for an adequate in-
tervertebral release (Fig. 5 (b, c¢)). This procedure is vital to
allow significant expansion of the L5-S1 disc space.

The surgeons should also keep in mind that they are
working obliquely within the disc space. Quick checks using
fluoroscopy are helpful in avoiding unnecessary invasion of
the posterior spinal canal and contralateral foramen.

Implant trialing and cage installation

After the disc preparation, the disc space is sequentially
distracted with trials with an obliquely-attached handle until
adequate disc space height, and foraminal size are obtained
as well as determining the size of the cage using fluoros-
copy (Fig. 5 (d)). And then an 8°, 12° or 18° lordotic poly-
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(d)

Cephalad

Figure 3. Retroperitoneal approach to the L5-S1 disc. After the circumferential sweep around the undersur-
face of the transversalis, palpate and follow the internal abdominal wall along with the inside of the pelvis (a).
Once touch the iliopsoas, the blunt dissection continues anteriorly from the pelvis while searching for the very
palpable common iliac artery pulse (b). Once palpate the pulse on the finger pad, move the finger medially by
keeping to feel the pulse on the dorsal side of the finger (c). Direct visualization of the iliopsoas muscle and
the common iliac vessels should be established in addition to the tactile feeling. (d) The index finger is touch-
ing the promontory by feeling the arterial pulse on the dorsal side of the finger.

(a) }st blade

2nd blade

3rd blgie

%

Figure 4. Exposure of the L5-S1 disc. (a) Placement of 1st and 2nd blades by laterally retracting the com-
mon iliac vessels. (b) The L5-S1 disc exposed using three retractor blades. The 1st and the 3rd blades are fixed
using pins. The red dot line indicates the midline of the L5-S1 disc. (c) Intraoperative images of the L5-S1
disc. Only the st retractor is fixed to the sacrum. White arrowhead indicates the medial sacral vessels.

ether ether ketone cage (OLIF51 Sovereign™ Spinal Sys- ranging in height from 10 to 16 mm, will be inserted subse-
tem; Medtronic Sofamor Danek, Minneapolis, MN, USA), quently. Before inserting the cage, place auto/allograft and/
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Figure 5. Disc preparation and implant trialing. After the disc preparation (a), the disc space is
sequentially distracted (b, c) until adequate disc space height, and foraminal size are obtained as well
as determining the size of the cage using fluoroscopy (d).

Figure 6. Cage installation. (a) A lordotic intervertebral cage put with DBM (demineral-
ized bone matrix). (b) Cage insertion using an obliquely-designed inserter handle. (c, d)

Supplemental screws will be inserted through the screw holes in the anterior portion of the
cage.

or artificial substances such as DBM (demineralized bone P and lateral direction using fluoroscopy is mandatory be-
matrix), or hydroxyapatite stuff in the implant’s central cav- cause the obliquely-designed inserter handle can confuse the
ity (Fig. 6 (a)). In inserting the cage, confirmation of the A- orientation (Fig. 6 (b)). And then, supplemental screws will

6



dx.doi.org/10.22603/ss11.2020-0086

Spine Surg Relat Res 2021; 5(1): 1-9

Figure 7. Representative case of a 65-year-old women with spondylolysis. Radiological assessment showed

L5 spondylolysis with adjacent segment disorder at L4-5 with decreased disc height with impaired local lordo-

sis with no central canal stenosis. (a, b) Plain X-ray (c) Sagittal and parasagittal CT reconstruction. Dotted cir-

cle indicates the impaired left L5-S1 foramen.

-

Figure 8. The patients underwent OLIF51 surgery combined with L4-5 OLIF, followed by posterior pedicle

screw fixation using single position procedure with no patient flipping to a prone position. (a, b): Plain X-ray (c)

Sagittal and parasagittal CT reconstruction. Dotted circle indicates the impaired left L5-S1 foramen, and note

that the foraminal area enlarged compared with the Fig. 7 (c).

be inserted through the screw holes in the anterior portion
of the cage as is shown in Fig. 6 (c¢) and (d). After the im-
plant installation, the retractors will be removed, followed
by the closure of the subcutaneous layers and skin. After the
OLIF51 procedure, supplemental posterior instrumentation is
then placed according to the appropriate surgical techniques
such as percutaneous pedicle screw fixation and percutane-
ous cortical bone screw fixation'”. Surgeons can add direct
neural decompression depending on the pathology.

Representative case presentation

A 65-year-old woman visited our clinic complaining of
chronic lower back pain and robust left leg pain, which was
refractory to analgesic agents, including opioids. She

showed L5 radiculopathy with intermittent neurological
claudication at less than 100 meters. Radiological assess-
ment showed L5 spondylolysis with adjacent segment disor-
der at L4-5 with decreased disc height with impaired local
lordosis with no central canal stenosis (Fig. 7). Considering
the pathology of her L5 radiculopathy, recovering L5-S fo-
raminal height was mandatory.

Based on the ensured safety with the wide window in
front of the L5-S disc using enhanced CT scan (shown in
Fig. 1 (C)), we employed OLIF51 surgery combined with L
4-5 OLIF to achieve minimal invasiveness and significant
intervertebral and foraminal height recovery, followed by
posterior pedicle screw fixation using single position proce-
dure with no patient flipping to a prone position (Fig. 8). In-
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traoperative bleeding was 40 g with an absolute operative
time of 2 hours and 33 min. After the operation, the pa-
tient’s robust leg pain and lower back pain disappeared with
the radiological the L5-S1 foraminal enlargement.

Discussion

OLIF51 is essentially a laterally-positioned retroperitoneal
ALIF, which has already been proven to be an effective fu-
sion procedure for various lumbar spinal disorders. The goal
of OLIF51 is to achieve bony stability, improve alignment,
and indirectly decompress the neural elements at L5-S1
level via less invasive procedures together with OLIF25.

OLIF51 surgery requires adequate consideration of indica-
tions and preoperative anatomical investigations to ensure
perioperative safety as well as better postoperative outcomes.
Regarding the fusion rate, a previous retrospective study has
reported the fusion rate of OLIF51 as much as 97.9%°,
which should be investigated more in future prospective ob-
servation. The development of OLIF51 surgery has made it
possible to perform lumbar anterior interbody fusion from
the upper lumbar spine to L5-S1 seamlessly in a single de-
cubitus position.

Complications

Unlike OLIF25 procedure, OLIF51 procedure causes less
neural complications such as thigh numbness, and/or motor
weakness in the lower extremities, and urinary injury for
anatomical or procedural reasons”®. In OLIF51 surgery,
cage subsidence can happen at the rate of around 10%, and
possible significant complications are vascular injury, retro-
grade ejaculation, and postoperative ileus”. The rate of vas-
cular injury in cases involving OLIF51 is reported to be
higher than that for traditional ALIF (4.3% vs. 3.3%, respec-
tively)®. If an access surgeon is available, it should be better
for the surgeons to achieve a safer approach to L5-S1 disc
by avoiding possible significant vessel injury. However, even
in a situation without an access surgeons, spine surgeons
can perform the anterior L5-S1 approach with enough
knowledge and technique. In some cases, a central ap-
proach via the bifurcation is sometimes tricky as several
vascular structures obstruct the operating field, as mobiliza-
tion of these vascular structures is often technically demand-
ing"?". Some surgeons perform L5-S1 fusion via oblique
lateral corridor in the same way as OLIF25 procedure by
medially retracting the iliac vessels”””. The technique can
be sometimes useful in some cases with more congested
iliac vessels in front of the L5-S1 junction and less-
congested collateral vessels such as ascending lumbar veins
in the oblique lateral corridor, but not applicable to all of
the L5-S1 pathological patients and should be developed for
more established certainty and safety.

Retrograde ejaculation, which is considered to result from
neural injury of superior hypogastric nerve plexus®”, has
rarely reported in the OLIF51 surgery cases”. The fact is al-
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most acceptable considering its less invasive procedure of
OLIF51. To avoid postoperative sexual dysfunction, espe-
cially in male patients, careful and blunt dissection and re-
traction of structures within the bifurcation of the great ves-
sels are mandatory, as is told in the traditional ALIF”.

Furthermore, the oblique approach to the L5-S1 disc
space can sometimes invade contralateral foramen, often fol-
lowed by a salvage revision surgery”. To avoid the possible
invasion, it is important to check where the surgeons are ac-
cessing during the surgery using fluoroscopy.

Conclusion

OLIF51 procedure achieves effective anterior interbody
fusion with mechanisms of indirect decompression, rigid sta-
bility, and alignment correction on the basis of less invasive
anterior interbody fusion via bifurcation of great vessels us-
ing specially designed retractors. The technique also
achieves seamless anterior interbody fusion when combined
with OLIF25. A thorough understanding of the procedures
and anatomical features is mandatory to avoid perioperative
complications.
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