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Introduction: Lumbar interbody fusion is a common spine procedure. 199,140 elective lumbar fusions were per- 

formed in the United States in 2015. Robot assisted (RA) pedicle screw placement has advanced minimally in- 

vasive spine surgery (MIS) making short stay transforaminal lumbar interbody fusions (TLIF) with same day or 

next day discharge a possibility for select patients. 

Methods: This study is a retrospective case series of a single surgeon’s experience with RA MIS TLIF using the 

Globus ExcelsiusGPS system. Patients undergoing RA MIS TLIF at an outpatient surgery center between August 

2020 and February 2021 were included in the study. 

Results: Twenty-three patients met inclusion criteria. Ninety-six RA pedicle screws and 25 interbody cages were 

placed. 96/96 (100%) pedicle screws and 25/25 (100%) interbodies were found to be in satisfactory position 

using intraoperative x-ray. None of the instrumentation required re-placement or revision intraoperatively. 20/23 

(87%) patients were able to discharge within 24 hours of the procedure. 2/23 (8.7%) patients discharged on the 

day of surgery. One patient of 23 (4.3%) required discharge to an inpatient rehabilitation facility post operatively. 

0/23 (0%) patients required readmission for pain control. 

Conclusions: Our study demonstrates the safety and feasibility of outpatient RA MIS TLIF for select patients. 

Future directions include a larger study to elucidate characteristics of the best candidates for outpatient RA MIS 

TLIF. 
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Lumbar interbody fusion (LIF) is a well-recognized treatment option

or a multitude of spinal pathologies, including trauma, infection, neo-

lastic and degenerative disease. LIF includes placement of a structural

raft within the intervertebral disc space after performing a discectomy

ith endplate preparation [1] . Currently, LIF can be performed using

everal approaches including anterior lumbar interbody fusion (ALIF),

osterior lumbar interbody fusion (PLIF), transforaminal lumbar inter-

ody fusion (TLIF), oblique lumbar interbody fusion (OLIF), and lateral

umbar interbody fusion (LLIF). 

There is some uncertainty in the literature regarding superiority of

nterbody fusions compared to posterolateral fusion only for adult de-

enerative spondylolisthesis [2] . Although the existing literature varies

egarding the superiority of one specific approach, interbody fusion is

referred by many clinicians over the traditional posterolateral fusion.

he surgical approach and decision whether to use an interbody de-
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ice is likely a result of a combination of considerations including pa-

ient factors, surgeon experience, and cost. In 2015, 199,140 (or 79.8

er 100,000) elective lumbar fusions were performed [3] , a 62.3% in-

rease from the year 2004. The greatest increase in procedures was

ound among patients aged 65 and older, with a total of 170.3 lumbar

usions per 100,000 individuals aged 65 or older [4] . 

Historically, lumbar fusions such as the transforaminal interbody fu-

ion (TLIF) have been performed via an open approach. Over the last

ecade minimally invasive approaches have emerged and have been

mployed more frequently due to promising quality improvement both

eri and postoperatively with many patients having an opportunity for

ischarge within 24 hours of surgery [ 5 , 6 ]. With the advent of min-

mally invasive approaches including transforaminal interbody fusion

MI-TLIF) and stereotactic computed tomography (CT) guided robot as-

isted (RA) surgery, the accuracy of pedicle screw placement has in-

reased as compared to the open approach allowing for reduced opera-

ive morbidity and complications [7–9] . 
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Table 1 

Patient demographics. 

Demographic Number 

Patients 23 

Mean age(standard deviation) 58 (11.34) 

Male 5 (21.7%) 

Female 18 (78.3%) 

Body Mass Index(standard deviation) 33.5 (7.8) 
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Fig. 1. Robot assisted placement of a lumbar percutaneous pedicle screw. 

Table 2 

Summary of number of screws and interbody devices 

placed. Number of patients who discharged to inpatient 

rehabilitation (IPR). 

Result Number 

L3/4 level 2 (8%) 

L4/5 level 19 (76%) 

L5/S1 level 4 (16%) 

Total interbody grafts 25 

Total pedicle screws placed 96 

Total pedicle screws repositioned 0 

Estimated blood loss mL(standard deviation) 67 (96.7) 

Operative time minutes(standard deviation) 135.8 (28) 

Patients discharged to IPR 1 (4.3%) 
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MI-TLIF of both types has advantages in operative time, EBL, post-

perative pain, recovery, and long-term paraspinal muscle atrophy [3] .

n addition, patients undergoing MI-TLIF have experienced significant

mprovement in visual analogue scale (VAS) scores for leg and back

ain, return to work time, and less narcotic use as compared to the

pen approach [10] . Compared to other TLIF approaches, both open

nd minimally invasive, the utilization of RA lumbar fusion surgery has

emonstrated a statistically significant benefit in reduced rates of lum-

ar pedicle screw placement revision [6] . Furthermore, recent literature

valuating the two types of minimally invasive spinal fusions; robot as-

isted fusions and fluoroscopy guided fusions, has shown differences in

oth peri and post-operative outcomes between the two groups. Evi-

ence from these studies supports superior outcomes in the robot as-

isted groups [ 5 , 7 ]. As compared to fluoroscopy guided fusion, robot

ssisted lumbar fusion has been shown to decrease the risk of surgical

omplications by 5.8 times and decrease the risk of surgical revision by

1.0 times [11] . Thus, there is a need to identify factors contributing to

mproved patient outcomes with robot-assisted lumbar fusion. The aim

f our study was to demonstrate the safety and feasibility of performing

A MIS TLIF on an extended-recovery basis (less than 24 hour inpatient

tay) in a surgery center environment. 

ethods 

This is a single institution, retrospective study evaluating a single

urgeon’s experience with RA MI-TLIF using the ExcelsiusGPS system

y Globus Medical (Audubon, PA). The first 23 consecutive adult pa-

ients who underwent single-level and two-level RA MIS TLIF at an out-

atient surgery center between August 2020 and February 2021 were

ncluded in the study. Patients who underwent prior spinal instrumen-

ation procedures were excluded. Patient demographics (age, sex, BMI,

usion levels, etx) and pre/postoperative imaging were obtained from

he electronic medical record. 

Procedure: Stereotactic CT of the lumbar spine was obtained for each

atient preoperatively to allow for pedicle screw placement planning

nd efficient surgical workflow. The patient was positioned prone on

he operating table with stereotactic arrays placed bilaterally in the pos-

erior superior iliac spine. Intraoperative fluoroscopic views of the in-

ended surgical levels were obtained and merged with the preoperative

T. Pedicle screw trajectories were planned using the ExcelsiusGPS soft-

are and placed percutaneously with the robotic arm without the use

f a Kirschner wire bilaterally. Fig. 1 shows a surgeon placing a per-

utaneous pedicle screw using robot assistance. Expandable interbody

lacement was performed via a 22 mm tubular retractor after sequential

uscle dilation. Following interbody insertion and expansion, lordotic

urved rods were inserted and secured with set screws. Screw placement

ccuracy was determined with postoperative x-ray, which demonstrated

ood screw positioning without breach. 

esults 

After querying our electronic medical record, twenty-three patients

et inclusion criteria. Patient demographics are shown in Table 1 . Of

he total patients included, 21.7% of the patients were male and 78.3%

ere female. The mean age was 58 years (standard deviation 11.3). Av-

rage BMI was 33.5 ( + /- 7.8 standard deviation). Two (8.7%) of the
2 
atients in this study underwent two level RA MIS TLIF. The remaining

1 patients underwent single level procedures. The most common level

as L4/5 making up 76% of the fusions. Numerical results are summa-

ized in Tables 2 and 3 . In total, ninety-six RA pedicle screws and 25

xpandable interbody cages were placed. All pedicle screw and inter-

ody placements were found to be in satisfactory position using intra-

perative imaging. None of the instrumentation required repositioning

r revision. 

Twenty of the 23 (87%) patients were able to discharge within 24

ours of the procedure, with two of the 23 (8.7%) patients discharged on

he day of surgery. Two patients (8.7%) were discharged home on post-

perative day two and one patient (4.3%) discharged on postoperative
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Table 3 

Number of patients categorized by post-operative 

discharge day. 

Post-operative Discharge Day Number of Patients 

0 2 (8.7%) 

1 18 (78.3%) 

2 2 (8.7%) 

3 1 (4.3%) 
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ay three. Twenty-two of 23 patients (95.6%) were discharged home

ollowing their short postoperative stay, whereas one patient (4.3%) re-

uired discharge to an inpatient rehabilitation facility post operatively.

his patient required inpatient rehabilitation due to pain and gait dif-

culty. No patient required readmission for postoperative pain control.

ne patient required surgical intervention for evacuation of a spinal

pidural hematoma on post-operative day 2. This patient initially dis-

harged home on POD 1. However, the patient developed mild left lower

xtremity weakness and bilateral lower extremity paresthesias. Follow-

ng surgical evacuation, the patient’s symptoms resolved. No infections

ccurred in our study population. 

iscussion 

Minimally invasive spine (MIS) procedures have become common

rocedures for numerous spinal pathologies. The advancement in MIS

urgery has allowed for patients to undergo surgical intervention with

educed operative loss, less muscular dissection, faster recovery, and

ewer complications. The introduction of robot assisted pedicle screw

lacement has also allowed surgeons to perform accurate pedicle screw

lacement for lumbar fusion that is effective and safe. 

In the present study, the authors have demonstrated the feasibility

nd safety of utilizing robotics to perform RA MIS TLIF. As demonstrated

y recent literature, MIS spine surgery shows significant improvement in

atient VAS, return to work time, and narcotic usage. The introduction

f robot assisted techniques for MIS has been shown to increase accuracy

f pedicle screw placement [ 3 , 7 , 12-15 ]. These procedures can be safely

erformed in outpatient surgery centers. 

Ninety-six RA MIS pedicle screws were placed in this study with none

f them requiring revision. This illustrates the accuracy of RA pedicle

crew placement which has been demonstrated in other larger studies.

revious studies have demonstrated the feasibility of same day discharge

ollowing MIS TLIF [ 5 , 16 , 17 ]. 87% of the patients in our small case se-

ies were able to be discharged within 24 hours. RA MIS TLIF provides

s an alternative MIS technique which may facilitate performing these

rocedures in the outpatient setting due to the increased accuracy of

A pedicle screw placement. Our results also demonstrate that opera-

ive time and estimated blood loss are within reasonable limits for RA

IS TLIF. The cohort of patients included in the study were all taken

rom within the first 100 RA spine surgeries at our institution. As we

ain more experience with RA technique, operative time is expected

o decrease as efficiency improves. Minimizing the number of patients

dmitted following MIS TLIF improves the efficiency of utilization of

ealthcare resources and allows patients to recover at home in their

sual surroundings. 

There was only one complication in this cohort of patients. She ulti-

ately recovered fully following evacuation of the epidural hematoma.

owever, this does illustrate the importance of meticulous hemostasis

hen performing MIS procedures. 

Patient selection is important when determining who is a candi-

ate for outpatient surgeries. Our selection criteria included patients

ndergoing 1 and 2 level MIS lumbar fusions. All open approaches are

erformed at the main hospital. Patients with significant cardiac or

ulmonary comorbidities were excluded from outpatient surgery. The

nesthesiologist also evaluated the patient to determine whether there

re any additional health factors that would preclude performing the
3 
urgery in the outpatient center. The anesthesia policy specifically ex-

ludes patients with insulin pumps from undergoing surgery at the out-

atient center. 

Implementing any new technique or technology does have a learning

urve for the surgeon and operating room staff. Ease of use will vary by

he specific system being used. The Globus robot navigation system is

elatively simple to use. It takes approximately 3-5 surgeries to become

amiliar with the interface and workflow of the robot. Minor efficiency

mprovements continue over the next 20-30 operations. Supporting the

obot is also relatively simple from the operating room support staff

erspective. Draping the robot arm and positioning it in the operative

eld are the only additional tasks necessary compared to standard MIS

avigated pedicle screws. The drape is a simple sleeve over the robot

rm. Therefore, no special training is required for operating room staff.

The registration method used in our surgical workflow is an impor-

ant factor which keeps operative time low. We obtain a stereotactic CT

can prior to surgery. Intraoperative registration is performed by ob-

aining anterior-posterior and lateral radiographs using the C-arm with

ducial markers in place. The radiographs are then fused to the CT im-

ges. This eliminates the need for an intraoperative O-arm spin which

s time consuming and can be cumbersome in smaller operating rooms.

dditionally, by obtaining the stereotactic CT prior to surgery, pedicle

crew trajectories can be planned prior to the start of the procedure.

hese small efficiency gains facilitate keeping operative times to a min-

mum. 

The focus of this article is on the technical feasibility of outpatient

A MIS TLIF procedures. However, it is important to note that robot

ystems do require significant financial investment. Purchasing a new

lobus robot navigation system requires a capital investment of approx-

mately $800,000 to $1,000,000. This includes the robot and associ-

ted instrumentation. Annual maintenance costs are typically between

30,000-$40,000. The significant financial investment will likely limit

he early adoption of RA spine surgery to large, high-volume centers. 

onclusions 

The present study demonstrates the safety and feasibility of perform-

ng outpatient RA MIS TLIF for select patients. The primary limitations

f this case series include the small patient sample size and the retro-

pective nature of the study. Future directions include a larger study to

urther elucidate characteristics of the ideal candidates for outpatient

A MIS TLIF. 
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