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ARTICLE INFO ABSTRACT

Keywords: Background: Robotic-assisted, endoscopic transforaminal lumbar interbody fusion (RE-TLIF) is a promising,
EHdOS‘CC'Pic minimally invasive surgical option for degenerative lumbar spondylosis/spondylolisthesis; however, outcomes
Robotic data and efficacy are limited, especially in multilevel disease. Here, we present the first reported series of patients
Fsr;ilrl:e that underwent either single or multilevel RE-TLIF.

MIS Methods: A retrospective review was performed on 23 consecutive patients who underwent a single level or

multilevel RE-TLIF by a single surgeon. Variables included demographics, perioperative results, pain scores, and
functional outcome scores.

Results: Eighteen patients (78.3 %) underwent single level RE-TLIF and 5 patients (21.7 %) underwent multilevel
RE-TLIF. The median reduction of visual analog scale (VAS) for low back pain (LBP) of all subjects was 6 (IQR =
4.5, 6.5) with no significant difference between single level and multilevel RE-TLIF (p = 0.565). The median
reduction of VAS for leg pain of all subjects 7 (IQR = 6, 8) with no significant difference between single level and
multilevel RE-TLIF (p = 0.702). Median blood loss was 25 cc (IQR = 25, 25) and 50 cc (IQR = 25, 100) for single
and multilevel RE-TLIF, respectively (p = 0.025), whereas median length of stay was 1 (IQR = 1, 1; mean = 1.0
+ 00.18) days and 1 (IQR = 1, 2; mean = 1.4 & 00.54) days, respectively (p = 0.042). One major complication
was observed requiring reoperation for demineralized bone matrix migration resulting in an L5 radiculopathy.
Conclusions: Single and multi-level RE-TLIF appears to be a safe and efficacious approach with comparable
outcomes to open and other minimally invasive approaches. Additionally, we observed favorable accuracy in
robot-assisted pedicle screw, endoscope, and interbody device placement.

considerable muscle dissection are required, resulting in an increase in
hospital length of stay (LOS) (2.9-19.1 days), elevated estimated blood
loss (EBL) (267.5-1438 mL), and postoperative complications.‘w’14
Advancements in technology, instrumentation, and micro-
surgical/endoscopic techniques have allowed for the development of
various minimally invasive decompressive and fusion procedures such
as minimally invasive-TLIF (MIS-TLIF) approaches.'®!>"'” These mo-
dalities have led to a decrease in morbidity presumably through a
reduction of soft tissue injury.'® >’ Several studies have compared out-
comes, safety and efficacy, between open- and MIS-TLIF procedures.

1. Introduction

Lumbar spondylosis and spondylolisthesis are a common and sig-
nificant cause of disability, with a world-wide annual incidence of
approximately 266 million people.! Clinical presentation includes a
variety of symptoms including but not limited to low back pain, radi-
culopathy, paresthesias, weakness, neurogenic claudication, and in se-
vere cases, bowel/bladder incontinence."” Surgical intervention is
reserved for failure of non-operative management, which can result in

significant improvement in pain and function in this population.®
Open transforaminal lumbar interbody fusion (TLIF) is one of several
operative treatment approaches for these conditions allowing for central
decompression and interbody fusion.”® Although good outcomes have
been reported using this approach, relatively longer incisions and
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These studies report comparable decompression and fusion rates and
lower peri- and post-operative complications with MIS-TLIF. However,
the existing literature remains inconclusive.>!' %2933

More recently, the addition of robotic-assisted pedicle screw place-
ment and the widespread use of endoscopic spine approaches have
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Abbreviation

TLIF Transforaminal Lumbar Interbody Fusion

EBL Estimated Blood Loss

MIS Minimally Invasive Spine

MIS-TLIF Minimally Invasive Transforaminal Lumbar Interbody
Fusion

RE-TLIF Robotically Assisted Transforaminal Lumbar Interbody
Fusion

PE-TLIF Percutaneous Endoscopic Transforaminal Lumbar
Interbody Fusion

VAS Visual Analog Scale

LOS Length of Stay

MRI Magnetic Resonance Imaging
CT Computed Tomography

SAP Superior Articulating Process
CSF Cerebral Spinal Fluid

DBM Demineralized Bone Matrix

further contributed to promising outcomes.>* Robotic-assisted, endo-
scopic TLIF (RE-TLIF) is a further evolution of the percutaneous endo-
scopic TLIF (PE-TLIF) technique that seeks to combine the MIS benefits
of spinal endoscopy with highly accurate robotic targeting of pedicle
screws, endoscopes, and interbody devices. Using this combined tech-
nique, Chang et al has shown lower EBL, decreased postoperative pain,
shorter LOS, and decreased rates of paraspinal muscle atrophy. How-
ever, this study only addresses single level procedures at L4-5, necessi-
tating additional studies that include multi-level disease as well as other
regions of the lumbar spine..*”

This paper aims to review and expand on the existing literature.
Additionally, through this single-institution, single operator, case series,
we aim to demonstrate the feasibility as well as the short-term efficacy
and clinical outcomes in patients undergoing single and multilevel RE-
TLIF.

2. Material and methods
2.1. Study population

After obtaining IRB approval, a retrospective chart review
(2021-2023) of patients undergoing RE-TLIF by a single neurosurgeon
at our institution was performed. Demographics, clinical, surgical, and
radiographic characteristics were reviewed and analyzed.

2.2. Clinical data collection and outcomes

All patients were clinically assessed by the surgeon pre- and post-
operatively. All patients received both dynamic radiographs of the
lumbar spine as well as magnetic resonance imaging (MRI) of the lumbar
spine upon consultation with the senior author. Indications for surgery
included the presence of foraminal or lateral recess stenosis or spondy-
lolisthesis (mobile or immobile) with associated lower extremity radic-
ular pain with or without low back pain and failure of non-operative
care. All recorded clinical parameters assessed were documented in the
electronic health record. Primary clinical outcomes included Visual
Analog Scale (VAS) score for back and leg, functional outcome (Modified
MacNab Score), and  post-operative  complications.'%>%%”
Intra-operative parameters included operative time, the number of
lumbar levels operated on, and EBL. Post-operative parameters included
hospital length of stay (LOS) and need for re-operation.

World Neurosurgery: X 23 (2024) 100390
2.3. Radiographical data collection and outcomes

All patients received pre-operative MRI and Mazor computed to-
mography (CT) protocol of the lumbar spine at the pre-operative visit.
All imaging was retrospectively reviewed by two independent authors,
both neurosurgeons. The presence of spondylolisthesis was graded as
none, Grade I (less than 25 %), Grade II (25-50 %), Grade III (50-75 %),
or Grade IV (>75 %). All patients underwent hardware assessment via
intraoperative fluoroscopy or intraoperative CT evaluation with an O-
arm spin at the end of the procedure. Additionally, standing lumbar x-
rays were completed post-operatively to evaluate hardware placement.

2.4. Operative technique

Prior to surgical intervention, all subjects underwent a Mazor robotic
protocol CT scan. Operative planning was performed using the Mazor
Robot software (Medtronic, Minneapolis, MN, USA) for pedicle screw
and interbody graft placement, as well as endoscope trajectory and
incision location. Operating room set-up is demonstrated in Fig. 1.
Subsequent workflow is as follows. The patient is positioned prone on an
open-Jackson table (Mizuho, Union City, CA, USA) following induction
of general endotracheal anesthesia and the application of neuro-
monitoring electrodes, and baseline neurophysiologic data is obtained.
After prepping and draping, an iliac pin is placed and connected to the
Mazor robot. Depending on patient variables such as degree of lumbar
lordosis, number of levels being treated, and iliac crest height, either
multiple percutaneous or two ‘Wiltse’ paramedian incisions are used for
screw placement and interbody work. Pedicle screws are placed using
robotic guidance in standard fashion. Following screw placement,
transforaminal interbody work is conducted by working between pre-
viously placed screws. Using the pre-planned trajectories for interbody
graft placement, robotic guidance is used to guide the endoscope toward
Kambin’s triangle without the need for fluoroscopy (Fig. 2). The ideal
trajectory is selected to facilitate visualization of the disc space,
traversing and exiting nerve root, and the superior aspect of the caudal
vertebral body being addressed. After this entry point is targeted
robotically, a standard transforaminal approach is used to enter the disc

Fig. 1. This intraoperative photograph demonstrates the operating room setup
with the Mazor Robot and endoscope monitor display at the foot of the bed.
This allows for visualization of both the endoscope and navigation display in
tandem. The optical camera for the Medtronic Stealth Navigation is placed
above the anesthesia curtain, which is not shown in this picture.
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Fig. 2. Pre-operative robotic plan depicting the trajectories of L4 and L5 pedicle screws as swell as trajectory for the L4-5 endoscopic interbody placed under ro-

botic guidance.

space using serial dilation and crown-reaming of the superior articular
process (SAP) as previously described.'? Sequential dilaters are placed
through the robotic end effector and held securely in place by the arm.
Navigation is used to confirm both the trajectory and location of these
devices until, lastly, the endoscope (Joimax GmbH, Karlsruhe, Ger-
many) is inserted through the robotic end effector. The disc space
preparation begins through the endoscope center channel using ron-
geurs, and curettes under direct visualization. Subsequently, a slightly
larger port is transitioned to for the placement of drills, endplate shavers
and wire brushes to finish preparing the disc space to receive a vertical
and horizontally expandable interbody device (FlareHawk Accelus,
Palm Beach, FL, USA). The expanded interbody device is then filled with
demineralized bone matrix putty. For additional operative levels, these
steps are repeated. Lastly, rods are placed percutaneously and secured
within the poly-axial screw heads with caps, and finally tightened. A
final intra-operative fluoroscopic or O-arm (Medtronic, Minneapolis,
MN, USA) image is acquired to confirm hardware placement. Upon
closure, neuromonitoring obtains a final data acquisition and reports if
final data remains consistent or changed from baseline data.

2.5. Statistical analysis

Continuous variables were reported as median along with the
interquartile range and analyzed using Mann Whitney U/Wilcoxon Rank
sum test. Categorical variables were reported as percentage and
analyzed using Pearson’s Chi squared test. p value less than 0.05 was
considered significant. All statistical analyses were performed by
JAMOVI open-source R based statistical software version 1.6.

3. Results
3.1. Baseline characteristics
In this series, 23 patients (11 male and 12 female) with a median age

of 60 years were treated with RE-TLIF. 18 of these patients (78.3 %)
underwent a single-level operation and 5 (21.7 %) underwent multi-

level operations (2-level (n = 4); 3-level (n = 1)). 13 patients (56.5 %)
had spondylolisthesis, with 11 (47.8 %) having Grade I spondylolis-
thesis, and 2 (8.7 %) having Grade II spondylolisthesis). While Grade III
and IV spondylolisthesis were not excluded from this series, the low
prevalence of higher-grade pathology as compared to Grade I and II is
the reason for the absence in this small case series. No patients in this
series had severe central stenosis at the operated levels. Median pre-
operative VAS back- and leg pain was 8 (IQR = 7, 8.5) and 8 (IQR =
8, 9), respectively. There was no significant difference in median age (p
= 0.086), sex (p = 0.912), or pre-operative VAS back- (p = 0.121) and
leg pain (p = 0.937) between patients undergoing single-vs. multi-level
RE-TLIF (Table 1).

Table 1
Pre-operative data.
All 1-Level >1-Level p-
value
n 23 18 (78.3 %) 5(21.7
%)
Age in years, Median 60 (49, 56 (44.25, 77 (60, 0.086
(IQR) 73) 70) 77)
Sex 11 Male, 8 Male, 10 3 Male, 2 00.912
12 Female Female Female
Spondylolisthesis Grade
None 10 (43.5 7 (38.9 %) 3(60.0
I %) 10 (55.6 %) %)
I 11 (47.8 1 (5.6 %) 1(20.0
%) %)
2 (8.7 %) 1 (20.0
%)
Pre-Operative VAS Back 8 (7, 8.5) 8 (7.25,8.75) 6 (6, 8) 0.121
Pain, Median (IQR)
Pre-Operative VAS Leg 8(8,9 8(8,9 8(7,10) 0.937

Pain, Median (IQR)

Spondylolisthesis grade is the lumbar level with the highest spondylolisthesis
grade in each subject.
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3.2. Intra-operative results

A total of 29 lumbosacral levels were treated (L2/3 (n = 2, 6.9 %);
L3/4 (n= 2, 6.9 %); L4/5 (n =17, 58.6 %); and L5/S1 (n = 8, 27.6 %)).
18 patients underwent a single-level operation (L2/3 n =2, 11.1 %); L4/
5(n =12, 66.6 %); and L5/S1 (n = 4, 22.2 %)). 5 patients underwent a
multi-level operation (n = 3 (60.0 %) at L4-L5-S1 lumbosacral levels; n
=1 (20.0 %) at L3-L4-L5 lumbar levels, and n = 1 (20.0 %) at the L3-L4-
L5-S1 lumbosacral levels.

Overall, median operative-time was 132 min (IQR = 114.5, 211.5),
while the median EBL was 25 cc (IQR = 25.00, 25.00). There was a
significantly longer median operative-time in the multi-vs. single-level
cohort, 248 min (IQR = 248.00, 300.00) vs. 129.5 min (IQR = 107.75,
165.75), respectively (p = 0.025). Additionally, there was a significantly
higher median EBL in the multi-vs. single-level cohort, 50 cc (IQR =
25.00, 100.00) vs. 25 cc (IQR = 25.00, 25.00), respectively (p = 0.004)
(Table 2).

3.3. Post-operative results

Overall, median and mean LOS was 1 (IQR =1, 1) and 1.08 4 00.32
days, respectively. There was a statistically higher LOS observed in the
multi-vs. single-level cohort, 1 (IQR = 1, 2; mean = 1.4 + 00.54) vs. 1
(IQR =1, 1; mean = 1.0 + 00.18) days, respectively (p = 0.042).

Median final follow-up was 7 (IQR = 6, 12) months; there was no
significant difference in time to final follow up visit observed between
the single- and multi-level cohort (p = 0.665). Overall, median 6-month
follow-up VAS back- and leg pain was 2 (IQR = 1, 2.5) and 1 (IQR = 0,
1.5), respectively. This was significantly decreased from median pre-
operative VAS back- and leg pain values of 8 (IQR = 7, 8.5) (p =
0.000025) (Fig. 3) and 8 (IQR = 8, 9) (p = 0.000026) (Fig. 4), respec-
tively. The median change from pre-to 6-month postoperative follow-up
VAS back- and leg pain was 6 (IQR = 4.5, 6.5), and 7 (IQR = 6, 8),
respectively (Table 2). There was no lasting observed increase in VAS
back- or leg pain reported by any patients in this series.

When comparing post-operative results of patients that underwent
single-level vs multi-level RE-TLIF, the median 6-month follow-up VAS
back- and leg pain for all patients that underwent a single-level

Table 2
Intra- and post-operative data.
Variable All Cases 1-Level (n >1-Level p-
(n=23) =18) (n=05) value

Operative Time (minutes), 132 (114.5, 129.5 248 (248, 0.025*

Median (IQR) 211.5) (107.5, 300)
165.5)

Blood Loss (cc), Median 25 (25,25) 25 (25, 25) 50 (25, 0.004*
(IQR) 100)

Length of Stay, Median 11,1 1,1 11,2 0.042*
(IQR)

Follow Up (months) 7 (6,12) 7.5 (6,12) 7 (6, 8) 0.665
Median (IQR)

Post-Operative VAS Back 2(1,2.5) 2 (1, 2.75) 11,1 0.236
Pain at 6 months,
Median (IQR)

Post-Operative VAS Leg 1(0,1.5) 1 (0, 1.5) 1(1,1 0.813
Pain at 6 months,
Median (IQR)

VAS Back Pain Change, 6 (4.5, 6.5) 6 (4.5, 6.5) 5(5,6) 0.590
Median (IQR)

VAS Leg Pain Change, 7 (6, 8) 7 (6, 8) 8(6,9) 0.730
Median (IQR)

Modified MacNab Score 00.734
1 (Poor) 0 (0 %) 0 (0 %) 0(0 %)
2 (Fair) 2 (8.7 %) 2(11.1 %) 0 (0 %)
3 (Good) 8 (34.8 %) 6 (33.3 %) 2 (40.0

%)

4 (Excellent) 13(56.5%) 10(55.6 %) 3 (60.0

%)
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operation was 2 (IQR = 1, 2.5) and 1 (IQR = 0, 1.5), respectively. For
those undergoing multi-level operations, the median 6-month follow-up
VAS back- and leg pain was 1 (IQR = 1, 1) and 1 (IQR = 1, 1), respec-
tively. There was no statistical difference seen between the median 6-
month follow-up VAS back- (p = 0.236) and leg pain (p = 0.813) in
these two cohorts. For those that underwent a single-level operation, the
median change from pre-operative to 6-month follow-up VAS back- and
leg pain was 6 (IQR = 4.5, 6.5) and 7 (IQR = 6, 8), respectively. For
those that underwent a multi-level operation, the median change from
pre-operative to 6-month follow-up VAS back- and leg pain was 5 (IQR
=5, 6) and 8 (IQR = 6, 9), respectively. Again, there was a significant
difference observed between the median change from pre-operative to
6-month follow-up VAS back- (p = 0.590) and leg pain (p = 0.730) in
these two cohorts (Figs. 5 and 6).

At final follow up, no patient was observed to have a Modified
MacNab score of 1 (Poor). 2 (8.70 %) patients had a Modified MacNab
score of 2 (Fair), 8 (34.8 %) had a score of 3 (Good), and 13 (56.5 %) had
a score of 4 (Excellent). The Modified McNab score breakdown of the 18
patients that underwent a single-level operation was as follows: 2 pa-
tients (11.1 %) had a score of 2, 6 (33.3 %) had a score of 3, and 10 (55.6
%) had a score of 4. The Modified McNab score breakdown of the 5
patients that underwent a multi-level operation was as follows: 2 pa-
tients (40.0 %) had a score of 3, and 3 (60.0 %) had a score of 4. The
distribution of these scores compared between the single-level and
multi-level cohort were not significantly different (p = 0.734) (Fig. 7).

3.4. Complications

There were no intraoperative complications such as durotomy, ce-
rebrospinal (CSF) leak, or misplaced pedicle screws as confirmed with
intraoperative and post-operative imaging (see Fig. 8). Additionally,
there were no blood transfusions required. There were 4 (17.4 %) in-
stances of post-operative radiculitis that improved by 1-month follow-
up. One patient had a lower extremity DVT at post-operative day 10.
There was one re-operation required due to migration of demineralized
bone matrix (DBM) causing radiculopathy. This was treated by percu-
taneous endoscopic washout of the DBM.

4. Discussion

Compared to open procedures, MIS-TLIF is associated with less EBL,
tissue damage, and faster recovery.>® Attempts at further minimizing
this procedure have been reported using endoscopic approaches with
promising results.>>>°~*! In this series we aim to broaden the evolution
of the endoscopic TLIF technique with the introduction of robotic
assistance for endoscope, pedicle screw, and interbody device place-
ment. Additionally, we provide the first study describing clinical out-
comes of patients undergoing L5-S1 as well as multilevel, interbody
fusion via the RE-TLIF approach.

Current metanalyses assessing clinical outcomes of patients under-
going MIS-TLIF report postoperative VAS back pain to range from 2.3 to
4.2 and postoperative VAS leg pain range of 00.79-1.8 38,39 When
comparing MIS-TLIF to open TLIF, MIS VAS scores trend lower during
the post-operative period up to 1 year; however, long term follow-up
demonstrates that these differences become insignificant after one
year follow-up.*®**? A single-institution case series of 26 patients that
underwent single level RE-TLIF with Grade 1 spondylolisthesis reported
a mean post-operative VAS of leg pain of 1.1 (5.4 preoperatively) and
VAS of LBP to be 1.3 (6.7 preoperatively). When comparing the VAS
data reported here to that of open TLIF and MIS-TLIF, we find our
clinical findings at 6-months to have similar improvements in VAS leg-
and back pain. However, the small sample size and operator differences
found in this series make a direct comparison of this case series to pre-
viously published data difficult.

Operative times reported in the existing literature demonstrate wide
ranges in both conventional open TLIF and MIS-TLIF. For example, Qin
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Fig. 3. Comparison of pre-operative vs post-operative VAS back pain score of all patients in this series.
p-value = 0.000026
10
94
24
7
2 3 =
-
w
<
>

Preopergive

Poslperaive

Fig. 4. Comparison of pre-operative vs post-operative VAS leg pain score of all patients in this series.

et al, reported a statistically significant difference between open TLIF
(113 min) and MIS-TLIF (143 min), while Chen et al, reported no sta-
tistically significant difference.>®*? Additionally, a systematic review by
Zhu et al, found that percutaneous endoscopic TLIF (155 min) signifi-
cantly reduced operative time as compared to MIS-TLIF (181 min).>’

Furthermore, a case series of single-level fusions demonstrated RE-TLIF
(208 min) to have significantly longer operative times relative to
MIS-TLIF (161 min).35 Here, we report a median operative time of 132
min for all subjects in this series. When stratifying by number of levels
performed, the median operative time for a single-level and multi-level
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Fig. 5. Comparison of the post-operative change in VAS back pain score between patients that underwent 1 level RE-TLIF and multilevel RE-TLIF.
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Fig. 6. Comparison of the post-operative change in VAS leg pain score between patients that underwent 1 level RE-TLIF and multilevel RE-TLIF.

RE-TLIF was 129.5 and 248 min, respectively. While our operative time
for a single-level fusion is comparable to previously reported open and
MIS approaches, the introduction of multiple levels was found to
significantly increase operative times in this series (p = 0.025). It is
important to note that for this combined operative technique, expected
operative times must be contextualized by the surgical team’s

experience with both robotic- and endoscope spine surgery, as each have
their own associated learning curve. At the time of this series, the lead
surgeon had performed 12 years and >1000 endoscopic spine surgeries.
However, the addition of robotic spine surgery was relatively novel for
this center, and the combination of these two modalities presented a new
workflow for the team, and its own associated learning curve. It is
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Fig. 7. Distribution of Modified MacNab Score of patients that underwent 1 level vs > 1 level Robotic Endoscopic TLIF.

expected that operative times will reflect these independent and com-
bined learning curves and will depend on surgeon familiarity with these
different technologies. In this series we observed a variability in oper-
ative times ranging from 95 to 334 min with longer outlier cases
occurring earlier on. This was likely attributed to a learning curve as the
surgical team was gaining familiarity with the new operative workflow.
We expect that operative times will continue to decrease and level off
with further experience.

Multiple studies have shown a significantly decrease in EBL of
100-500 mL in MIS- as compared to open TLIF. For instance, one meta-
analyses reported a mean EBL for MIS-TLIF to be approximately 248 mL
as compared to open TLIF of 568 mL.'**%%*% Endoscopic TLIF EBL has
areported range of 25-190 mL with an average of 101 mL.%>>*’ Chang et
al reported on single-level RE-TLIF with an average EBL of 25 mL.>
While the median and mean EBL in our series was 25 mL and 42.4 mL
respectively, this includes single and multi-level fusion cases and dem-
onstrates low blood loss and safety associated with this approach.

The median hospital LOS in our series was 1 day. While some studies
show no difference in hospital LOS between open and MIS techniques,
most report a shorter LOS by 1-3 days for MIS-TLIF.*® In a meta-analysis
review Hammad et al, reported hospital LOS for open TLIF ranging from
2.9to 19.1 days with an average of 6.92 days. Alternatively, ranges from
2 to 13.7 days with an average of 5.05 days for MIS-TLIF are reported in
a 26 study meta-analysis.'* While there is less data, endoscopic TLIF LOS
reports range from 1.1 to 6.7 days with an average of 3.7 days.>>*’ In a
48-patient case-series, Cui et al, reported 7.3 days as the average hos-
pital LOS for robotic-assisted MIS-TLIF.** In general MIS techniques
have been shown to require a longer average operative times, but
require smaller incisions with less EBL, perhaps translating to less
operative trauma and as a result, quicker recovery and shorter LOS.*?
Our data with RE-TLIF appears to mirror these findings.

The procedure-related complications reported in this series were
comparable to previous reports. Zaifei et al, reported complication rates
of 17.5 % and 9.2 % for open TLIF and MIS-TLIF, respectively. Hammad
et al, found rates of 14.2 % and 11.3 % for open TLIF and MIS-TLIF,
respectively.'**? Complication rates in an endoscopic TLIF metanaly-
ses ranges from 8.6 to 14.9 % with an average of 12.3 %.*! In our case
series we observed several complications including 4 (17 %) temporary
post-operative lower extremity radiculitis, 1 (4.3 %) DVT, and 1 (4.3 %)

reoperation for a L5/S1 demineralized bone matrix migration causing
nerve root irritation. There were no instances of dural tears/CSF leaks,
often reported in open approaches.>® Furthermore, there was 100 %
accuracy in pedicle screw placement in our series, which was deter-
mined by post-operative x-ray. Intraoperative navigation and roboti-
cally placed pedicle screws have decreased the rate of errant pedicle
screw placement.*>*® Ringel et al, described a 93 % accuracy rate of
screw placement utilizing robotics compared to 85 % with the freehand
convention technique.”” When reviewing MIS-TLIF screw placement
without intraoperative navigation, Shafi et al, found the accuracy rate to
be 88 %.“® Endoscopic TLIF accuracy rates without the use of robotic
assistance have been recorded as high as 95.9 %.*° Here we demonstrate
that the introduction of robotic guidance not only provides high pedicle
screw placement accuracy but also allows for excellent accuracy when
using the robot to target Kambins triangle (without the use of fluoros-
copy) for endoscopy and placing the interbody device. All of this can be
performed while still allowing for a comparable operative time (132 min
in this series) to previous published MIS-TLIF series.

To the best of our knowledge there has been an absence of reported
cases of multilevel RE-TLIF in the literature. In this series, 5 patients
underwent a multilevel RE-TLIF: 4 of these patients had a 2-level fusion
and 1 patient, a 3-level fusion. Similar to the single-level cohort, the
multilevel cohort had a significant reduction in mean VAS back pain and
leg scores. When comparing the mean change in VAS back and leg scores
between the two cohorts, there was no significant difference observed.
Moreover, all patients in the multi-level cohort resulted in a Modified
MacNab score of 3 or higher. Although a small cohort of patients, this
provides the first reported data to support multi-level RE-TLIF.

The current findings provide crucial data to support the introduction
of intraoperative robotic assistance to the endoscopic TLIF procedure.
The ability to pre-plan the endoscope, interbody device, and pedicle
screw trajectories and subsequent robotic assisted placement has the
potential to improve efficiency in the operating room while simulta-
neously minimizing radiation exposure by the operating team. Once the
associated learning curve of the robot is overcome, and an efficient
workflow is established, the time added from the introduction of the
robot can possibly be obviated by the reduction in fluoroscopic time
needed without the robot. Moreover, as demonstrated by the pedicle
screw accuracy presented in this series, the high accuracy afforded by
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Fig. 8. The anterior-posterior (A) and lateral (B) post-operative X-Rays in a patient that underwent a single level robotic endoscopic TLIF. The sagittal (C) and axial
(D) post-operative CT scan at 5 months of a patient that underwent the same procedure at L5-S1 demonstrating appropriate placement of interbody with the

beginning of bony ingrowth of the interbody (red arrow).

the robotic assistance is a valuable addition to the procedure. As tech-
nology progresses, it can be assumed that the accuracy and efficiency of
the robotic assistance will further increase. While it is crucial that sur-
geons not be reliant on technology introduced in the operating room and
be capable of addressing surgical issues when technology fails, we
believe the addition of robotic assistive technology to the endoscopic
TLIF procedure provides value that is demonstrated in the results of this
series.

There are several limitations to this study that must be addressed.
Primarily, overall fusion rate evaluated by computed tomography was
not calculated. While patients had an overall improvement in VAS scores
at their follow-up visit, the degree of fusion and pseudoarthrosis rates
were not calculated at this time frame. All patients did undergo post-
operative lumbar radiographs at the 1-month visit, and there was no
device migration or screw failure observed. Nevertheless, without long
term imaging, the rate of long-term radiographic arthrodesis rates
cannot be calculated for this series. The lack of high-grade (Grade III and
IV) spondylolisthesis in this series is another limitation as its efficacy in
this higher-grade pathology remains unclear and should be examined in
future studies. Additionally, the mean follow-up time for this series was
8.4 months. While the greatest reported difference in clinical outcome
between open and MIS-TLIF occurred in the immediate postoperative

period with no significant difference in long-term clinical outcomes, the
long-term clinical follow up is a component of this procedure that must
be assessed in future studies.*> While the objective of this report was to
demonstrate the safety and initial efficacy of this intervention in a small
cohort to promote future investigations, it is important to note that the
small sample size and the retrospective nature of this study limit the
conclusions that can be drawn. The external validity of the clinical re-
sults observed as well as the comparisons made to historical values re-
ported in the literature must be taken in the context of the single
surgeon, retrospective nature of this case series. Furthermore, because
this is a single-surgeon case series comparing current results to historical
ones, there is no internal control group for comparison, therefore
limiting any conclusion on non-inferiority. It will be essential for further
studies to assess the reproducibility of these promising results at other
institutions. Future exploration should focus on multi-institutional,
prospective, randomized clinical trials comparing the intraoperative
and postoperative clinical efficacy of RE-TLIF versus various other
MIS-TLIF approaches and open-TLIF to further evaluate any differences
in outcomes following these treatment modalities. Additionally, future
studies must focus on cost-effectiveness analyses to determine whether
the utility of this new technology is justified.
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5. Conclusions

Here we present a single-surgeon, case series demonstrating the
clinical outcomes of patients that undergo single and multilevel RE-
TLIF. This surgical approach appears to be a safe, and efficacious
approach with a high pedicle screw placement accuracy rate and low
morbidity.
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