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Objective: Lateral lumbar interbody fusion (LLIF) is a highly useful lumbar fusion surgical
technique for degenerative spinal disease. However, many complications have already been
reported. The purpose of this study is to report the concept, surgical technique, and clini-
cal results of the first 70 consecutive cases treated with a safer and minimally invasive endo-
scopic-assisted LLIF (ELLIF).

Methods: This retrospective study included 70 cases involving 106 segments in which EL-
LIF was used to treat degenerative spinal disease. We examined the clinical progress, com-
plications and analyzed radiographic images. Regarding the fusion rate, 49 cases involving
72 segments whose follow-up period was more than 7 months were evaluated.

Results: The mean of preoperative Numerical Rating Scale (NRS) was 7.0 and postopera-
tive NRS was 1.4. Postoperative NRS had a significant correlation with the number of fu-
sion segments (p = 0.028). The mean of preoperative disc space height, foraminal height,
sagittal rotation angle, whole lumbar lordosis and sagittal translation distance were 3.3 mm,
14.3 mm, 2.4°, 9.7°, and 3.2 mm, respectively. Postoperative values were 9.4 mm, 17.9
mm, -4.9°, 36.3°, and 0.7 mm. The fusion rate was 79.2%. Complications included, tran-
sient psoas muscle weakness 1, sensory disturbance in the thigh 2, retroperitoneal injury 1,
postoperative ileus possibly involving a retroperitoneal injury 1, and cage migration 4.
Conclusion: Using the ELLIF in the degenerative spinal disease, we obtained good radio-
logical reduction and good clinical results. Our study confirms that ELLIF is safer and pro-
vides better results for degenerative spinal disease. However, the issue of cage migration re-
mains to be resolved.

Keywords: Lateral lumbar interbody fusion, Endoscopy, Discectomy, Degenerative scolio-
sis, Stenosis, Spondylolisthesis

roperitoneal approach is able to preserve the posterior elements
and has good reduction efficiency.

Recently, several techniques of interbody fusion using a full
endoscopic system have been reported. Posterior approach in-
cluding the transforaminal approach'? is invasive to the spinal
canal and nerves and is invasive to the facet joints. In these pro-
cedures, the insertion of a large cage requires significant joint
destruction and the reduction efficiency is not as high as that of
the anterior approach. In contrast, lumbar fusion using the ret-
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In the past, there had been progress in the innovation and
development of endoscopic lumbar interbody fusion surgery
via retroperitoneal space using laparoscopy,” however further
improvement in laparoscopic fusion techniques is necessary
utilizing more advanced medical and surgical devices.

Lateral lumbar interbody fusion (LLIF) enables indirect de-
compression while preserving the posterior elements and has
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good reduction efficiency. However, serious complications that
are not seen under the posterior approach have also been re-
ported.*® These complications may include direct injury caused
by direct contact between surgical equipment and important
tissues, indirect injury caused by traction and involution where
connective tissues in the surgical area tug adjacent important
tissues, and compression injuries to the surrounding muscles
and nerves caused by retractors under the nonvisualized opera-
tion. Utilization of endoscope under the visualized view allows
for safety key field surgery which avoids such dangerous ana-
tomical structures and therefore provides opportunities for saf-
er surgery.

Here we report on our experience of endoscopic-assisted LLIF
(ELLIF) in the treatment of the first 106 spinal segments.

MATERIALS AND METHODS

1. Patient Characteristics

This retrospective study targeted 70 cases (37 men, 33 wom-
en; mean age 66.1+ 13.4 years [22-84 years]) involving 106 spi-
nal segments from L1/2 to L5/S1 treated with ELLIF between
February 2017 and August 2018. The mean follow-up period of
these 70 cases was 11.2 + 5.5 months (3-23 months).

All study participants provided written informed consent, and
the study design was approved by the appropriate Ethics Re-
view Board in Kyoh Orthopaedics & Neurosurgery Clinic (ap-
proval number: 2017-001). The clinical trial registration num-
ber related to this study is “UMIN000034229”. The indications
of surgery were degenerative spondylolisthesis, isthmic spon-
dylolisthesis, degenerative scoliosis and lumbar instability. Con-
traindications in this study were as follows: tumorous condi-
tion, infection, visceral disease that blocked the operation field
and serious abdominal aortic disease.

Regarding the fusion rate, the cases in which the follow-up
period was 6 months or less were excluded from the evaluation.
The mean follow-up period of 49 cases involving 72 segments
subject to evaluation of the fusion rate was 13.7 +4.6 months
(7-23 months).

2. Evaluation

We evaluated the preoperative and postoperative pain using
Numerical Rating Scale (NRS), peri- and postoperative compli-
cations, and the following factors on lateral X-rays and comput-
ed tomography (CT): disc space height (DH), foraminal height
(FH), sagittal rotation angle (SRA), whole lumbar lordosis (WLL),
and sagittal translation distance (STD) (Fig. 1). The fusion rate
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Fig. 1. Radiological evaluation items. DH (mm), disc space
height: FH (mm), foraminal height: SRA (°), sagittal rotation
angle: WLL (°), whole lumbar lordosis; STD (mm), sagittal
translation distance.

was evaluated based on classification of interbody fusion suc-
cess: Brantigan, Steffee, Fraser (BSF) and the union was deter-
mined as BSF-3.” We also performed a multiple linear regres-
sion analysis considering postoperative NRS and WLL correc-
tion (Post WLL - Pre WLL) as dependent variables. Paired t-
test was used to calculate p-value of each radiographical correc-
tion. Statistical software used for this study was GraphPad Prism
8.0.2 (GraphPad Prism Software Inc., San Diego, CA, USA).

3. Surgical Instrument
1) Lock-arm system and adaptor

We developed and attached an original FESS (full endoscopic
spine surgery) adaptor to the Lock-arm system (System JP Inc.,
Shizuoka, Japan), which is a holder arm system initially devel-
oped for laparoscopy (Fig. 2). The Lock-arm is a system that
can move freely up to 360° and can firmly fix the surgical field
simply using a foot switch. This new system can freely grasp

sheaths of any size.
2) Dilator working channel system
An original dilator working channel system developed for

ELLIF is then used (Fig. 3). The first long dilator facilitates pro-
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Fig. 2. (A) Lock-arm system. (B) Original full endoscopic spine surgery (FESS) adaptor. ELLIF, endoscopic-assisted lateral lum-

bar interbody fusion.

Fig. 3. An original dilator working channel system. First long
dilator (a), second sheath (b), third sheath (c), fourth sheath
(d), fifth sheath (e), and final sheath (f).

ceeding into the psoas muscle. We can feel the disc bulging shape
easily via this long dilator. Additionally, this long dilator works
as a core for changing the size of the sheath and is very useful as
a lever for changing the direction of the sheath by insertion into
the intervertebral disc. The second sheath fits perfectly into the
7.0 diameter full endoscopic system. We start the disc surface
resection endoscopically through this sheath. The third sheath
is for serial dilation. The fourth sheath is for resection of disc
material and endplate preparation by curette under X-ray im-
aging. Furthermore, we can resect disc material and perform
endplate preparation endoscopically by this working channel.
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We can resect deep into the site visually and safely by full en-
doscopy. The fifth sheath is for the purpose of setting the 12-
mm width cage. We can set the 7- to 10-mm height cage through
the fifth sheath. The final sheath is for setting the 11- to 13-mm
height cage.

3) Cage

Following intervertebral disc curettage and endplate prepara-
tion, a MectaLIF-TiPEEK Oblique cage is positioned and fixed
with a dedicated device manufactured by Medacta (Medacta
International, Castel San Pietro, Switzerland).

4) Spinal endoscopic instrument

Equipment used for the procedure included a 205-mm spinal
endoscopic system (Richard Wolf GmbH, Knittlingen, Germa-
ny), PED drill (NAKANISHI Inc., Tochigi, Japan), radio frequen-
cy waves (Elliquence, Baldwin, NY, USA), cameras and light
source (Stryker Corp., Kalamazoo, MI, USA).

4. Surgical Techniques

Each patient was positioned in the right lateral recumbent
position without lateral bending. This absence of bending means
that no excessive tension was placed on tissues such as the mus-
cles and the lumbar plexus (Fig. 4).
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1) Step. 1: skin incision

The level is checked by X-ray imaging, and a 2-cm incision is
made in the skin at the anterior edge of the vertebral body. The
subcutaneous tissue is separated from this single portal towards
the iliac crest or entry point of external oblique muscle which is

the route to the upper intervertebral space.

Fig. 4. Operative position.

2) Step. 2: graft bone harvesting

We harvested only a small amount of iliac bone. The cage is
filled with the iliac bone mixed with artificial bone. There is no
need to make another skin incision for harvesting iliac bone.

3) Step. 3: working channel insertion into the retroperitoneal space

The external obliques, internal obliques, and transverse ab-
dominal muscles are only split with the muscle hook (Fig. 5A).
Following this, the intermuscular crevice will be formed (Fig.
5B). From this intermuscular crevice, the endoscopic working
channel enters the retroperitoneal space and approaches the tar-
get area of L1/2, 2/3, and 3/4 (Fig. 6A). When the target interver-
tebral space is L4/5 or L5/S1, after harvesting of the ilium, the ili-
ac crest margin is separated. The surgeon can immediately con-
firm the retroperitoneal area and the dilator directly enters the
psoas. This space is sufficient for ELLIF sheath insertion. The
psoas major, which is directly visible, can then be easily checked.

In this approach, lateroconal fascia which is the retroperitoneum

g
o| [

Fig. 5. (A, B) Splitting the external oblique muscle, internal oblique muscle, transverse muscle. (C) Skin closure and Penrose drain.

t Skin incision

Fig. 6. (A) Single incision allows access up to multiple levels via intermuscular approach or iliac approach. (B, C) A 77-year-old
female, endoscopic-assisted lateral lumbar interbody fusion for 4 spinal segments.
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of this part is sometimes visible* (Supplementary video clip 1).
Because the intestinal tract is present in the abdominal side of
this very thin membrane, extreme care must be taken.

In case of multilevel LLIE, surgeons require wide exposure.’
In contrast, it is possible to perform the multilevel treatment
with a single 2 cm incision in ELLIF (Fig. 6B, C).

4) Step. 4: fixing the dilator

The psoas major is checked endoscopically without sheath
from the retroperitoneal space, and the intervertebral disc is
reached through the psoas major muscles (Supplementary video
clip 2). Subsequently fix the first dilator and the second sheath
and confirm the position under X-ray imaging.

5) Step. 5: annulus opening

The annulus fibrosis and nucleus pulposus are partially re-
sected endoscopically through the second sheath (Supplemen-
tary video clip 3).

6) Step. 6: endplate preparation

The sheath is changed to the fourth sheath and the interver-
tebral disc is resected endoscopically or via X-ray fluoroscopy
and the endplates are freshened (Supplementary video clip 4).
Resected material floating inside the sheath can be removed

immediately by suction.

7) Step. 7: cage insertion
The sheath is changed to the fifth sheath or the final sheath
and the cage is fixed (Supplementary video clip 4).

8) Step. 8: wound closure

The muscles naturally close again when the sheath is removed.
At this point, a Penrose drain is put in place and only the sub-
cutaneous tissue and skin require suturing (Fig. 5C).

Application for multilevel segments: In cases with multilevel
segments requiring treatment, the discs are approached by chang-
ing direction as shown in the figures (Fig. 7). For L4/5, L5/S1,
the author’s original iliac approach facilitates parallel entry into

Fig. 7. (A-F) In cases with multilevel discs requiring treatment, the discs are approached by changing direction as shown in the
figures.
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the disc. For L3/4 the intermuscular approach facilitates parallel
entry into the disc. From the skin incision to L1/2, L2/3, the ap-
proach angle is not parallel to the disc. However, using an an-
gled curette, the surgeon can resect disc material deep into the
disc space. Additionally, we insert the first long dilator to mid
depth. Here, this long dilator is very useful as a lever for chang-
ing the direction of the sheath reaching parallel to the disc. Af-
ter lifting the first dilator, we can reach deeply into the disc
space. Finally, similar to the long dilator, the cage inserter is ef-
fective in altering the direction of cage fixation. However, if the
rib is too low, the procedure is technically difficult. The rib will
block lifting of the first dilator. In such cases, fractional rib re-
section may be necessary.

Application for the osteophytes covered segment: A drilling
approach with full endoscopy is used for cases with osteophytes
(Fig. 8).

RESULTS

1. Operation Time

The average operation time per one segment was 103.2 min-
utes in these 70 cases. In the latest 20 cases in this series, the av-
erage operation time per one segment was reduced to 82.6 min-
utes.

2. Intraoperative Bleeding

Regarding bleeding, in fact, there is potential for minor bleed-
ing. However, bleeding volume during surgery was below zero
in measurements. Due to accumulation of the irrigation fluid
in the retroperitoneal space, the measured value of out-volume
liquid (including in gauze and removed by suction) was lower
than the in-volume value (the irrigation fluid) in all cases.

3. Clinical Outcomes

The mean of preoperative NRS was 7.0+ 1.9 and postopera-
tive NRS was 1.4+ 1.7. No association of postoperative NRS
had been seen with age and sex. However, there was a signifi-
cant correlation (p=0.028) between the postoperative NRS and
the number of fusion segments (Table 1).

Complications included: transient psoas muscle weakness 1,
sensory disturbance in the thigh 2, retroperitoneal injury 1, post-

Table 1. Multiple linear regression analysis based on postop-
erative Numerical Rating Scale as dependent variable

Variable SE p-value 95% CI

Age 0.015 0.140 -0.007-0.052
Sex 0.395 0.857 -0.860-0.717
No. of fusion segments 0.241 0.028* 0.062-1.024

SE, standard error; CI, confidence interval.
*Significant.

Fig. 8. (A, B) A drilling approach with full endoscopy is used for cases with osteophytes.
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Table 2. Comparison of radiographic parameters of 106 spinal segments between preoperative images and postoperative images

Variable Pre Post p-value Change pre to post
Disc space height: DH (mm) 33+24 9.4+1.5 <0.001% 6.1+2.1
Foraminal height: FH (mm) 14.3+3.8 17.9+3.1 <0.001* 3.6+2.7
Sagittal rotation angle: SRA (°) 24+59 -49+4.7 <0.001* 7.3+5.6
Whole lumbar lordosis: WLL (°) 9.7+13.0 36.3+10.0 <0.001* 26.6+8.3
Sagittal translation distance: STD (mm) 3.2+4.5 0.7+1.9 <0.001* 2.5+3.5

Values are presented as mean + standard deviation.
*Significant; Student t-test.

Table 3. Multiple linear regression analysis based on WLL
correction (post WLL - pre WLL) as dependent variable

Variable SE} p-value 95% CI

Age 0.074 0.214 -0.055-0.239
Sex 1.965 0.191 -6.515-1.330
Number of fusion segments 1200 0.099  -0.390-4.399

WLL, whole lumbar lordosis; SE, standard error; CI, confidence in-
terval.

operative ileus possibly involving a retroperitoneal injury 1, cage
migration 4. These 4 cages migrated patients required replace-
ment with different cages.

4. Radiological Outcomes

The mean of preoperative DH, FH, SRA, WLL, and STD
were 3.3+2.4 mm, 14.3+3.8 mm, 2.4°+5.9° 9.7°+13.0°, and
3.2+4.5 mm. Postoperative values were 9.4+1.5, 17.9+3.1,
-49+4.7, 36.3110.0, and 0.7+ 1.9. The mean reduction value
(postoperative — preoperative) was DH 6.1 mm, FH 3.6 mm,
SRA 7.3°, WLL 26.6° and STD 2.5 mm. Radiological data are
summarized in Table 2. Among the 72 segments, 57 segments
were BSF-3 and hence the fusion rate was 79.2%. No associa-
tion of WLL correction had been seen with age and sex and the
number of fusion segments (Table 3).

DISCUSSION

There are many reports of various complications involved in
lumbar lateral interbody fusion surgery,*® including death.® Here
we aimed to facilitate a safe, minimally invasive, and highly ther-
apeutically effective LLIF based on the fundamental concept
that tissues which may cause complications should not be in-
cluded in the surgical field. Clearly, surgeons should be familiar
with basic anatomy, while considering that carefully ascertain-
ing the individual patient’s anatomy preoperatively ensures the
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confirmation of a safe surgical field. In consideration of this ne-
cessity, we advanced development with Konica Minolta Japan
Inc. in order to apply the Plissimo2000 surgical assistance 3-di-
mensional computed tomography/magnetic resonance imaging
(3D CT/MRI) fusion imaging device (Konica Minolta, Tokyo,
Japan) to spine surgery. As a result, we achieved visualization of
arteries, veins, urinary tract, kidney, lumbar nerve plexus, mus-
cles, and bones by 3D imaging and confirmation of the individ-
ual safety key field. In addition, Plissimo2000 does not require
a contrast medium (Fig. 9). Even without this system, it is cer-
tainly possible to visualize the ureter and blood vessels with
contrast-enhanced CT, however contrast use is invasive, and
contrast-enhanced CT cannot visualize the lumbar plexus.

The surgical site must be visually checked and confirmed.
We used the full endoscopic system to achieve safety key field
surgery. Using the full endoscopic system, it is possible to per-
form the multilevel treatment with a single 2-cm incision. The
full endoscopic system is used to check the retroperitoneum
and ensure that no abdominal organs are within the field, the
position of the psoas major is checked, and the dilator is insert-
ed into the psoas major. Our original working channel system
makes it possible to perform surgical interventions in the space
between multiple discs by freely changing the angle of insertion
of the dilator from only 1 portal. This original working channel
system has the following 3 functions: a dilator, a retractor, and
as an endoscopic sheath. An essential element of this original
technique is the Lock-arm system which can freely move 360°
and can firmly fix the surgical field simply using a foot switch.
We attached an original adaptor to the Lock Arm for this tech-
nique. Endplate preparation is performed under endoscopic
view or via X-ray fluoroscopy after confirming that only safe
tissue was within the channel.

We successfully achieved a safe, minimally invasive, and high-
ly therapeutically effective LLIF surgery as described above. In
this study, the author’s initial clinical experience demonstrated
that this technique had good reduction efficiency and only a
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Fig. 9. Three-dimensional computed tomography/magnetic resonance imaging fusion imaging. (A) Quick view. (B) Colored

view. Red: artery, blue: vein, yellow: urinary tract, orange: nerve.

small percentage of postoperative neural complications that are
often reported with the trans—psoas major approach. Due to
the key field operation procedure, there were no major compli-
cations. However, the 2 issues of retroperitoneal injury and cage
migration have been clarified. With regard to retroperitoneal
injury, one patient had a very favorable clinical course, however
free air was observed under postoperative radiography. The oth-
er patient, postoperative ileus was possibly caused by some ef-
fect on the retroperitoneum. Both patients were extremely thin
women (body mass index of 18.1 and 13.7 kg/m?). In thin pa-
tients, there is no cavity in the retroperitoneal space and less fat
volume decreases the anterior shift effect of the bowel with ret-
roperitoneum. Therefore, there is potential for pinching of the
retroperitoneum. During the cage insertion at the end of the
surgery, the vertebral body is pushed inward and the sheath can
float slightly upward, thus this complication may occur at this
point. The lower psoas tends to float from the vertebral body and
there is potential for the retroperitoneum to be caught with the
cage and drawn into the disc space between the vertebral body
and the psoas from the anterior portion.

There are multiple anterior lumbar fusion methods. ELLIF is
the same transpsoas approach as direct lateral interbody fusion
(DLIF). However, DLIF uses wide cages and wide retractor. There-
fore, Neuromonitoring is necessary. In case of ELLIE, it uses 12-
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mm width cages and uses a small working channel. Further-
more, the visualized view utilizing endoscope achieves fusion
without neuromonitoring and no major neural complications
are observed.

In contrast to DLIE OLIF does not require neuromonitoring.
However, the surgeon spreads open the anterior to psoas in OLIE
During OLIF, there is a risk of injury to dangerous anatomical
structures such as vena cava, aorta, and urinary tract.

ALITF is preferable for L5/S1 fusion while DLIF and OLIF are
unsuitable. However, ALIF is highly invasive to the abdominal
area. In contrast, ELLIF is minimally invasive and can be uti-
lized in treating L5/S1. Using a 3D CT/MRI fusion imaging de-
vice and utilization of endoscope under the visualized view al-
lows L5/S1 fusion via the psoas.

In this ELLIF series, we found that, during dissection of the
intervertebral discs, despite feeling manually that the endplate
had been sufficiently freshened, when the area was checked en-
doscopically, a considerable amount of residual tissue persisted.
In cases of nonunion with other lumbar interbody fusion tech-
niques, it is possible that remnant tissue is one of the reasons
for non-union. It is important to completely confirm the fresh-
ness of the endplate by observing the area endoscopically. This
is another advantage of the ELLIF technique.

Even posterior fusion which resects facet joint and uses a small-
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er cage than ELLIF achieves bone fusion.'” Besides, ELLIF uses
a fully titanium-coated cage. However, in this study using EL-
LIE we encountered 4 cases (3.8%) of cage migration, which
occurs rarely with OLIF and DLIE This may be due to the lim-
ited variation in cage shapes, which may not necessarily be suit-
able for all patients. In some cases, the contact area of the cage
with the endplate surface is insufficient. These 4 patients required
replacement with different cages.

The main purpose of setting the Penrose drain is for drainage
of the irrigation fluid. Here, minimal bleeding from bone donor
site and minimal hidden blood loss from the psoas muscle is
conceivable since discharged fluid is light-colored blood.

Regarding statistical analysis, there was a significant correla-
tion between the postoperative NRS and the number of fusion
segments. Here, the cases which require multiple segment fu-
sion almost entirely consisted of patients with degenerative sco-
liosis. Thus, the author considers that there are limitations to
recovery in patients with degenerative scoliosis compared with
a short-segment degenerative spondylolisthesis or isthmic spon-
dylolisthesis.

CONCLUSION

The ELLIF technique described here is an innovative surgical
technique for a number of reasons. First, it is a combination of
minimally invasive spine stabilization and full endoscopic dis-
cectomy. Second, this technique is a tailor-made surgery that
involves visualization of the patient’s individual anatomy with
3D CT/MRI fusion imaging. Third, this technique demonstrates
that endoscopic surgery may be safer and easier than open sur-
gery, achieving its aims with minimally invasive techniques. In
addition, this surgery can achieve reduction and interbody fu-
sion for degenerative scoliosis with a single 2-cm portal. How-
ever, improvements are necessary to prevent cage migration,
enable widespread application, and requires further equipment-
related innovations to further reduce the risk of complications.
In spite of this, we have achieved a certain level of success with
the first 106 spinal segments. This has opened the door to the

next generation of spinal surgery.
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SUPPLEMENTARY MATERIALS

Supplementary video clips 1-4 can be found via
https://doi. org/10.14245/ns.1938024.012.v1,
https://doi.org/10.14245/ ns.1938024.012.v2,
https://doi.org/10.14245/ns.1938024.012.v3,
https://doi.org/10.14245/ns.1938024.012.v4.
Supplementary video clip 1: The motion of retroperitoneum.
Supplementary video clip 2: The endoscopic approach via
psoas.
Supplementary video clip 3: Endoscopic safety annulus open-
ing.
Supplementary video clip 4: Endplate preparation and cage
insertion.
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