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As minimally invasive surgical techniques continue to gain popularity for specific spinal
procedures, interest in safely transitioning surgeries to the outpatient setting has grown.
However, this transition is not straightforward and requires spinal surgeons to
conceptualize the operative process in a different light. This article reviews the key
principles that have helped our practice successfully transition minimally invasive
transforaminal lumbar interbody fusion procedures to the outpatient setting.

INTRODUCTION 2010). When symptoms are refractory to conservative man-

agement, minimally invasive transforaminal lumbar inter-
Degenerative pathology of the lumbar spine such as body fusion (MIS TLIF) offers an effective treatment option
spondylolisthesis, scoliosis, and degenerative disc disease Vid restoration of disc height and vertebral alignment
are leading causes of global disability and diminished qual-  through a stable fused spinal segment (Holly et al. 2006;
ity of life (Chu, Clark, and Angst 2006; Kalichman et al. Cole et al. 2009). Compared to the open procedure, MIS
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TLIF has been associated with similar long-term positive
clinical and radiographic outcomes, with the additional
benefit of less postoperative pain, earlier rehabilitation,
shorter length of hospital stay, and diminished complica-
tion rate (Peng et al. 2009). This success has contributed to
the consistent annual increase in the number of MIS TLIF
procedures performed over the past decade (Kobayashi et
al. 2018).

Given the continued increase in frequency of the pro-
cedure and advancements in perioperative medicine, there
has been a growing interest in the safe transition of MIS
TLIF to the outpatient and ambulatory surgery center set-
tings (Emami et al. 2016; Bovonratwet et al. 2018). This
trend may contribute to considerable cost savings through
decreased utilization of hospital resources, less narcotic us-
age, and faster returns to work (Adogwa et al. 2011). De-
spite this potential, the procedure has yet to widely adopted
in the outpatient and ambulatory surgery center settings.

Our team performs a high volume of elective MIS TLIF
procedures, a majority of which take place on an outpatient
basis. Only recently have we been able to obtain insurance
authorization and payment for the 22633 TLIF CPT code
in our stand-alone ambulatory surgery center. As such ap-
proximately, 50 MIS TLIFs have been performed in the ASC
setting. Previously we have reported our extensive MIS TLIF
experience in an outpatient hospital setting. By critically
analyzing our practices and adopting methods of standard-
ization and efficiency from other areas of orthopaedic
surgery, we have safely and effectively made the transition
to the outpatient setting. In this paper, we highlight some
of the key principles of this standardization such that other
teams can learn from our example and consider similar
changes to their own clinical practice.

LESSONS FROM HIP AND KNEE ARTHROPLASTY

Hip and knee arthroplasty are amongst the most common
procedures performed by orthopaedic surgeons annually
(Eltorai et al. 2018). Once requiring a multi-day hospital
stay, recent advancements in patient care have resulted in
an explosion of total joint arthroplasty being performed in
the outpatient setting. In fact, over the next five to ten
years, it is estimated that outpatient total joint arthroplasty
will increase by 70% while the inpatient procedure is an-
ticipated to increase by only 3% over the same time frame
(Bert, Hooper, and Moen 2017). The success of this tran-
sition has been made possible by patient selection proto-
cols, intraoperative efficiency, multimodal analgesic regi-
mens, and synchrony with anesthesia.

Osteoarthritis of the hip and knee follow a predictable
cascade and many patients become surgical candidates for
total joint arthroplasty after failing conservative manage-
ment. The procedure itself follows routine, reproducible
steps, with minimal variation (Robinson et al. 2006; Lin-
gard, Berven, and Katz 2000). In degenerative lumbar spine
surgery, on the other hand, there is an attitude that a wide
range of pathologies and indications for surgical interven-
tion result in a high degree of procedural and technique
variability. It is the belief of our group that, despite differ-

ences in baseline pathology, surgical technique is largely
unchanged. This attitude has empowered our team to learn
from our arthroplasty colleagues and introduce methods of
standardization to improve the safety and efficiency of the
MIS TLIF in the outpatient setting.

PATIENT SELECTION

Successful outpatient MIS TLIF surgery begins with iden-
tification of an appropriate patient. Based on their clinical
experience with a number of outpatient spine procedures,
Chin et al. proposed criteria for a good outpatient candi-
date. These included living within 30 minutes of a hospi-
tal, body mass index (BMI) of less than 42, clearance from a
general practitioner and/or cardiologist, American Society
of Anesthesiologists (ASA) Physical Function Score of 3 or
less, and a responsible adult living with the patient (Chin
et al. 2017). Although age was not identified as a criterion
by these authors, other studies have found that age greater
than 65 is a substantial risk factor for postoperative compli-
cations following lumbar surgery in the outpatient setting
(Lang et al. 2014; Fleisher et al. 2004).

Our group urges caution when considering outpatient
MIS TLIF in patients over 65, diabetics, and those with an
ASA score of 3 or higher. Unlike inpatient lumbar fusion
surgery, it is also critical to evaluate anxiety levels and so-
cial support for patients being considered for outpatient fu-
sion surgery. Many patients, even those without formally
diagnosed anxiety disorders, may share concerns regarding
postoperative pain, being able to care for themselves, and
mobility (Strem et al. 2018). Preoperative screening and ed-
ucation is therefore critical, and treatment of said anxi-
ety prior to surgery may ultimately improve long term out-
comes (Adogwa et al. 2016). Despite the aforementioned
criteria and cutoffs, a large number of patients are good
candidates for outpatient MIS TLIF. We typically utilize cri-
teria including an ASA scoring of 2 or less, BMI of 38 or
less, and a responsible care-giver at home to observe the
patient for the first 23 hours. Of patients that underwent
outpatient TLIF since 2016, the mean age was 47.0 (range
30.3-64.7) and mean BMI was 27.6 (range 18.6-37.8) (Table
1). All outpatient TLIF procedures were performed at a sin-
gle level. We have not been able to successfully negotiate
with the commercial payers regarding a multi-level TLIF in
a stand-alone ASC and as such it is currently cost-prohibi-
tive to perform such procedures in our geographic market.
Preoperative spinal diagnoses for patients undergoing out-
patient MIS TLIF included degenerative spondylolisthesis,
isthmic spondylolisthesis, and herniated nucleus pulposus
(Table 2).

INTRAOPERATIVE EFFICIENCY

Ambulatory surgery center staff training and standardiza-
tion of instrumentation are key steps to the safe adoption
of high-volume outpatient spine surgery. In current prac-
tice settings, spine surgery oftentimes features a high de-
gree of variability (Daffner, Beimesch, and Wang 2010;
Aubin, Labelle, and Ciolofan 2006). Consider for example

Journal of Orthopaedic Experience & Innovation 2



Transition to Outpatient Minimally Invasive Transforaminal Lumbar Interbody Fusion

Table 1: Patient Demographics for Outpatient Procedures

Range

Age (mean £ SD) 47.0+9.2 30.3-64.7
Gender (n)

Female 28.9%

Male 71.1%
BMI (mean £ SD) 27.6+4.6 18.6-37.8
Smoking Status (n)

Non-Smoker 91.1%

Smoker 8.9%
ASA (mean + SD) 1.6+0.5 1-3
CClI Score (mean £ SD) 0.7+0.9 0-3
Diabetes (n)

Non-diabetic 95.6%

Diabetic 4.4%
Hypertension Status (n)

Non-Hypertensive 80.0%

Hypertensive 20.0%

SD = Standard Deviation; BMI = Body Mass Index; ASA = American Society of Anesthesiologists; CCI = Charlson Comorbidity Index

Table 2: Preoperative Spinal Pathology by Surgical Setting

Degenerative Spondylolisthesis
Isthmic Spondylolisthesis

Herniated Nucleus Pulposus

57.8%
18.6%
26.7%

that spine teams, even those at the same institution, may
perform the same procedure using different operating room
tables, microscopes, surgical instruments, and implants.
Total joint arthroplasty, on the other hand, typically follows
uniform methods for patient positioning, procedural tech-
nique, and surgical instrumentation for a given hospital
system. The adoption and instilment of similar standard-
ized procedures in outpatient spine surgery is not only pos-
sible, but critical to success, safety, and efficiency.

Although not unique to the ambulatory setting, staff
training for a high-volume, time-sensitive environment is
essential to achieve the benefits offered by outpatient spine
surgery. The ability of staff to train and become familiar
with the steps and instrument sequencing of the MIS TLIF
can strongly influence procedure duration. Moreover,
awareness of a preferred operating room setup facilitates
faster turnover and a potential for a greater total number of
cases for a given surgical day.

Similarly, consolidation of instrument trays can con-
tribute to increased efficiency and diminished costs. Cichos
et al. reported their experience with tray consolidation in
total joint arthroplasty at a single institution (Cichos et
al. 2019). After querying their total joint arthroplasty sur-
geons, they removed 433 of 792 instruments from 11
unique instrument trays. The time saved as a result led
to an estimated 20% overall cost reduction, and an annual
savings over $250 thousand. Similar consolidation efforts

can be successful in spine surgery, particularly for mini-
mally invasive procedures.

In traditional open spine surgery, different sets of retrac-
tors and instruments may be necessary based on the proce-
dure being performed, the number of levels being operated
on, and the patient’s body habitus. For minimally invasive
surgery, however, the procedure takes place through a uni-
form-sized tube that not only limits iatrogenic harm to the
paraspinal musculature, but also allows for a standardized
surgical technique (Styf and Willén 1998). In our MIS TLIF,
for example, once the facet joint of interest has been lo-
calized under fluoroscopy with a K-wire, a series of dilators
are placed over the wire, and consistently a 20 mm non-ex-
pandable tubular retractor is placed and affixed to the sur-
gical table. This same 20 mm tube is utilized regardless of
the number of levels being instrumented or the patient’s
body habitus. This contributes to not only surgeon com-
fort and efficiency, but also that of the surrounding surgi-
cal team. The instrument trays are also limited in number
and are organized in a procedure specific fashion (e.g. per-
cutaneous pedicle screw placement, decompression, iliac
crest bone graft harvesting, and interbody fusion prepara-
tion, Fig. 1-6).
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Figure 1: Visualization of operative space through docked 20mm tubular retractor

Figure 2: Surgical team positioning - members are positioned in a standardized fashion around the table

MULTIMODAL ANALGESIA PROTOCOL

As other aspects of the surgical process are standardized
and streamlined, so too must the management of postoper-
ative pain. In recent years, a multimodal analgesia protocol
has been created and optimized by our practice which al-
lows for decreased utilization of narcotic medications and
their adverse side effect profiles while maintaining appro-

priate levels of pain control (Table 3) (Rajpal et al. 2010;
Singh et al. 2017). This approach enables us to send pa-
tients home within 24-hours of surgery with appropriate
pain control, which until recently was not feasible.

As its name suggests, multimodal analgesia uses several
different medications that target multiple physiological
pathways via different mechanisms of action. By utilizing
this “multi-pronged” approach, lower doses of any one type
of medication can be used, thereby minimizing the poten-
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Figure 4: Surgical table placement tables are oriented in a fashion that follows progression of procedure

tial of dose-dependent adverse effects (Buvanendran et al.
2003). A diminished reliance on opioid medications in par-
ticular may reduce rates of a number of serious side effects
(Singh et al. 2017). Furthermore, opioid medications fre-
quently increase risk for postoperative nausea and vomit-
ing, which can be a major barrier to successful outpatient
surgery (Swegle and Logemann 2006; Garcia et al. 2013).
Decreased opioid utilization can also lead to earlier mobi-
lization, and can facilitate earlier participation in physical

therapy (Berger et al. 2009). This streamlines the postop-
erative period and allows patients to initiate their recovery
process more rapidly.

Our MMA protocol also emphasizes the importance of
the preoperative window. Consistent and effective medica-
tion administration before surgery can allow medications
more chance to accumulate in the body and proactively
mitigate the inflammatory changes that occur in the op-
erating room and during recovery as a result of surgical

Journal of Orthopaedic Experience & Innovation 5


https://journaloei.scholasticahq.com/article/13907-transition-to-outpatient-minimally-invasive-transforaminal-lumbar-interbody-fusion/attachment/39101.jpg
https://journaloei.scholasticahq.com/article/13907-transition-to-outpatient-minimally-invasive-transforaminal-lumbar-interbody-fusion/attachment/39100.jpg

Transition to Outpatient Minimally Invasive Transforaminal Lumbar Interbody Fusion

Figure 6: Lateral radiograph of TLIF instrumentation

trauma (Buvanendran et al. 2005; Kim et al. 2006). In ad-
dition, proper preoperative patient counseling is just as vi-
tal to successful pain control and surgical outcomes as the
medication protocol itself. Patients expectations must be
assessed and managed regarding what recovery will entail,
what clinical outcomes can be expected, and to what extent
various medications will be made available. This dialogue
is important for both surgeon and patient to determine to-
gether whether the proposed surgical protocol is a good
fit for that particular patient, and vice-versa. An important
part of managing these expectations is developing an un-
derstanding that narcotic medications should not need to
be continued more than a few weeks postoperatively. Lim-
iting longer-term narcotic usage can help avoid the devel-
opment of tolerance as well as opioid-induced hyperalge-

sia, both of which are associated with increased pain and
poorer clinical outcomes (Chu, Clark, and Angst 2006; Kop-
pert and Schmelz 2007; Lee et al. 2011). This can also re-
duce the pressure on physicians and office staff to re-pre-
scribe pain medications.

Finally, it is important for the anesthesia and surgical
staff to collaborate closely in order to maximize pain con-
trol, while minimizing adverse effects and length of stay.
This can entail involvement of the anesthesiologist at the
time of the preoperative office visit to help determine
whether the patient is a good candidate for the MMA pro-
tocol and how it can best be implemented to achieve satis-
factory outcomes.
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Table 3: Multimodal Analgesia Protocol

Pre-surgical Counseling

Preoperative

Cyclobenzaprine PO
Pregabalin PO
Oxycodone PO

Intraoperative

0.5% Bupivicaine + epinephrine injection
Propofol for induction

Ketamine IV at induction

Sevoflurane for maintenance
Acetaminophen IV

Ondansetron IV

Famotidine IV

Dexamethasone IV

Fentanyl IV (titrated)

Postoperative Day O (<24hrs)

Oxycodone IR

Cryotherapy (ice packs applied to back)
Pregabalin PO

Cyclobenzaprine PO
Hydrocodone/paracetamol PO
Tramadol PO

Postoperative Day 1 (224hrs)

Cyclobenzaprine PO PRN
Hydrocodone/acetaminophen PO
VAS 1-5: 1 tablet PRN

VAS 6-10: 2 tablets PRN

VAS = Visual Analog Scale; PO = by mouth; PRN = as needed; IV = intravenous

OUTCOMES

Transition of TLIF procedures to the outpatient setting has
been successful in a number of ways. Mean operative times
for patients that underwent an outpatient TLIF was 110.7
minutes. Additionally, patients undergoing surgery in out-
patient settings demonstrated statistically significant im-
provements from preoperative baseline in VAS back
(p=0.005), VAS leg (p=0.001), ODI (p=<0.001), and PROMIS-
PF (p=0.010) by the 6-month postoperative timepoint
(Table 4).

One key to this success has been the avoidance, early
recognition, and proper management of perioperative com-
plications. Many complications unique to MIS TLIF reflect
the need to work in a relatively small window bound by
neural elements (Sclafani and Kim 2014; Lau et al. 2011;
Wang and Zhou 2014). Implant malpositioning, for exam-
ple, has been cited as one of the most common compli-
cations (Sclafani and Kim 2014). To help avoid this, flu-
oroscopy is used during patient positioning, incision
planning, endplate preparation, and implant placement. All
patients receive a final set of radiographs prior to discharge

to ensure proper positioning. Unanticipated medical or
anesthesia-related complications, such as atrial fibrillation,
acute coronary syndromes, and postoperative nausea to
name a few, are also possible. To combat these possibilities,
in addition to having a synchronous relationship with ex-
perienced anesthesia colleagues, all our standalone ASC fa-
cilities are within 20 minutes of an affiliated hospital with
intensive care unit capabilities. When perioperative com-
plications do occur, a comprehensive review process is trig-
gered between our surgical team, the anesthesia staff, and
the ASC team. This enables all parties to recognize any
shortcomings and opportunities for improvement.

Patients meet discharge criteria from the ASC once their
pain is controlled, they are able to urinate, and they can
ambulate safely. Early mobilization with our team of phys-
ical therapists helps to identify any patients that may ben-
efit from extra time and effort. After discharge from the
facility, all patients are scheduled for follow-up appoint-
ments with plain radiographs of the lumbar spine at
6-week, 12-week, 6-month, and 1-year timepoints to en-
sure that they are progressing appropriately in their post-
operative course.
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Table 4: Changes in PRO Scores following Outpatient TLIF

6-Month Postoperative

PRO Preoperative (mean + SD) (mean + SD) Change (mean = SD) *p-value
VAS Back 8.0x45 45+29 -3.5%£59 0.005
VAS Leg 55+32 3.1+£28 -24+32 0.001
ODI 450+ 16.4 29.3+17.9 -14.1+ 184 <0.001
PROMIS-PF 37.1+53 458+8.5 8.7+8.5 0.010
* Calculated using a paired t-test to compare postoperative scores with preoperative scores
Boldface signifies statistical significance (p<0.05)
pendent on standardization of protocols to improve safet
CONCLUSION y

and efficiency. Key lessons can be learned from total joint

The MIS TLIF procedure is a highly effective treatment op- rthroplasty, and other types of surgery with streamlined
tion for degenerative pathology of the lumbar spine, and and uniform methods. Spine surgical teams can adopt these
its use is only expected to increase. The successful tran- methods of standardization in their own routines to help

sition of this procedure to the outpatient setting is de- ©xPand their MIS TLIF outpatient practice.

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License
(CCBY-NC-ND-4.0). View this license’s legal deed at https://creativecommons.org/licenses/by-nc-nd/4.0 and legal code at
https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode for more information.
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