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Objective: Minimally invasive techniques and multimodal analgesia protocols have made spine
surgery in the outpatient setting increasingly feasible. A number of spinal procedures have been
documented in the outpatient setting, though the feasibility of lateral lumbar interbody fusion
(LLIF) on an ambulatory basis has not been thoroughly assessed. To present a clinical case series
of patients undergoing LLIF in the outpatient setting.

Methods: A prospectively maintained surgical database was retrospectively reviewed to identify
patients undergoing outpatient spine procedures with an enhanced multimodal analgesia pro-
tocol from October 2016 to February 2021. Patient demographics, medical and spinal diagnoses,
procedural characteristics, operative duration, estimated blood loss (EBL), postoperative length
of stay (LOS), postoperative pain scores, postoperative narcotic consumption, and incidence of
any intra- or postoperative complications were collected. The state's prescription monitoring
program was queried to assess rates of filling narcotic prescriptions >6 weeks following sur-
gery.

Results: A total of 24 LLIF patients were included. Mean postoperative pain score was 5.8, and
mean postoperative narcotic consumption was 26.8 oral morphine equivalents. All patients
were discharged on the same day of surgery. No postoperative complications were observed. Af-
ter the 6-week postoperative timepoint, 16.7% of patients filled a prescription for tramadol,
8.3% for hydrocodone, 4.2% for hydromorphone, 4.2% for cyclobenzaprine, and 4.2% for alpra-
zolam.

Conclusion: This clinical case series demonstrates that LLIF can be both safe and feasible in the
outpatient setting, with minimal narcotic medication dependence in the postoperative period.
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retroperitoneal transpsoas minimally invasive lateral interbody
fusion (MIS LIF) or lateral lumbar interbody fusions (LLIF)
provides an effective approach for surgical interbody fusion

INTRODUCTION

Introduced by Pimenta et al. in 2006 as an alternative to

anterior or posterior approaches for lumbar arthrodesis, the  for a broad spectrum of surgical pathology [1,2]. The LLIF has
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become increasingly adopted by spine surgeons due to its
beneficial approach (avoiding spinal canal and neural foramen
dissection), biomechanics (wide interbody cage spanning the
dense apophyseal ring), and minimally invasive technique. In
this technique, the spine is accessed laterally via splitting fibers
of the psoas muscle longitudinally to create a retroperitoneal
corridor [3]. The lateral plane of access affords the surgeon
wide discectomy similar to an anterior approach, with the
benefit of avoiding major bowel and vessel injury anteriorly
and nerve and dural damage posteriorly [4]. A testament to its
utility, the indications for the technique have broadened since
its inception, and recently it has started being performed in the
outpatient setting [4].

With the advancement of minimally invasive spinal oper-
ative techniques coinciding with milestone developments
in anesthetics along with post-operative pain management
protocols, spinal fusion surgeries are becoming increasingly
feasible within outpatient ambulatory settings with several
studies documenting its safety, efficacy, and beneficial cost
profile when compared to inpatient surgery [4-8]. Further, the
renewed emphasis of value and cost containment in spine sur-
gery has served as a further impetus to the transition of surgical
cases traditionally performed in an inpatient setting to being
performed increasingly in ambulatory surgery centers (ASC) [8].
Owing to the expanding role of outpatient spine surgery and
inevitable growth of ASCs, understanding determinants and
deterrents of outpatient spine surgical success is paramount to
both surgeons and administrators.

A significant barrier in transitioning fusion surgery to the
outpatient setting is optimizing postoperative patient pain, as
prior studies have noted inadequate pain control as the leading
factor underpinning unplanned postoperative admission [9].
While providers are afforded the flexibility to alter discharge
plans in an inpatient setting, this is not feasible in the context
of stand-alone ASCs. It is therefore crucial that a safe, effective,
and reproducible multimodal analgesia (MMA) protocol is
used in this setting. While studies have commented on such
protocols for lumbar decompression, transforaminal lumbar
interbody fusion, there is scarce literature documenting MMA
protocols for LLIFs in an ambulatory setting [10,11].

To address this need, our study presents a clinical case series
of patients undergoing LLIF with an enhanced multimodal an-
algesic protocol in an ambulatory setting. The goal of the proto-
col was to provide reproducible postoperative pain relief while
reducing patient reliance on opioid medication. We believe our
experience may be of use to surgical teams interested in adapt-
ing lateral fusion cases to an outpatient setting.
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METHODS
1. Selection

After institutional review board approval (ORA #14051301)
and patient-informed consent were obtained, a retrospective
review for eligible patients who underwent LLIF between Octo-
ber 2016 and February 2021 was performed. Inclusion criteria
consisted of primary or revision, single or multi-level LLIF pro-
cedures for degenerative pathology utilizing our MMA protocol
(Appendix). Procedures indicated due to trauma, infection, or
malignancy were excluded. All surgeries were performed by se-
nior author who is fellowship trained attending spine surgeon,
and all surgeries were conducted at ambulatory surgical center
where observation >23 hours is not permitted.

2. Data Collection

Selected baseline characteristics were noted, including age,

Table 1. Patient demographics and baseline characteristics

Demographic Total (n=24)
Age (mean +SD, yr) 57.0+5.0
Gender (n)
Female 50.0% (12)
Male 50.0% (12)
Body mass index (n) 28.3+6.8
Non-obese (<30 kg/m?) 62.5% (15)
Obese (=30 kg/m?) 37.5% (9)
Smoking status (n)
Non-smoker 87.5% (21)
Smoker 12.5% (3)
Charlson comorbidity index (mean + SD) 20+0.6
ASA score
1 4.2% (1)
2 83.3% (20)
>3 12.5% (3)
Insurance
Medicare/medicaid 0.0% (0)
Workers' compensation 20.8% (5)
Private 79.2% (19)
Preoperative diagnoses
Hypertension 16.7% (4)
Chronic lung disease 4.2% (1)
Arthritis 16.7% (4)
Neurological disease 4.2% (1)
Cancer 4.20 (1)

“There were no patients in our study with a recorded medical history of
diabetes mellitus, peripheral vascular disease, myocardial infarction, liver
disease, renal failure, or gastrointestinal bleeding.
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sex, weight, BMI, comorbidity burden as determined by Charl-
son Comorbidity Index, smoking status, American Society of
Anesthesiologists (ASA) score, and pre-operative spinal diag-
nosis (Table 1).

A range of intraoperative data was collected, including the
primary or revision status, the number of operative levels, the
index level, the operative duration (from the skin incision to
closure), and blood loss estimates. Postoperative variables were
recorded, including surgery center length of stay, patient-re-
ported visual analog scale pain scores before discharge, and
quantity of narcotic medications administered before discharge
(i.e., converted into units of oral morphine equivalents and
summed across all types of narcotic medications prescribed)
(Table 2). Complications experienced during the immediate
postoperative time period were recorded (Table 3). The state’s
prescription monitoring program was queried to assess rates
of filling narcotic prescriptions >6 weeks following surgery (Ta-
ble 4).

1) MMA Protocol
A standardized protocol is initiated for all procedures and

Table 2. Perioperative characteristics

Characteristic Total (n=24)

Preoperative spinal diagnosis
Degenerative spondylolisthesis
Isthmic spondylolisthesis

Recurrent herniated nucleus pulposus 12.5% (3)

Degenerative scoliosis 29.2% (7)
Surgical history

Primary 83.3% (20)

Revision 16.7% (4)
Number of levels fused

1 level 87.5% (21)

2 levels 12.5% (3)
Operative level (n)

[2-13 8.3% (2)

L2-14 12.5% (3)

L3-L4 8.3% (2)

L3-L5 4.200 (1)

L4-15 66.7% (16)
Operative time® (mean + SD, min) 121.8+433
Estimated blood loss (mean+SD, mL) 44.0+30.5
Postoperative length of stay (mean+SD, hr) 45+1.7
Postoperative VAS pain score (mean + SD) 58+15
Postoperative narcotic consumption (mean + SD, OME) 26.8+21.2

SD: standard deviation, VAS: visual analog scale, OME: oral morphine
equivalents.
*Operative duration from incision to skin closure.
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modified on an individualized basis. Successful administration
of anesthetic regimen is initiated at patient’s preoperative visit,
when he or she is informed of the perioperative procedure and
expectations. Pre-emptive analgesia is administered before
the start of surgery, consisting of cyclobenzaprine, pregabalin,
and oxycodone. Intraoperatively, patients are induced using
propofol and ketamine. Maintenance anesthesia consists of
sevoflurane gas and a fentanyl infusion. Additional intraop-
erative medications include bupivacaine with epinephrine,
acetaminophen, dexamethasone, ondansetron, and famoti-
dine. Postoperatively, patients receive a detailed protocol of
PO medications. Protocol can be viewed in Figure 1 and 2. The
MMA protocol was indicated in patients undergoing LLIF in
the outpatient ambulatory setting.

2) Surgical Technique

LLIF patients were placed in the lateral decubitus position
and approach was transpsoas. The surgical procedure differed
based on surgeon preference and patient needs, and conse-
quently surgeries included LLIF with posterior fixation (rods
and percutaneous screws) as well as stand-alone LLIE The sur-
geries were all performed under neuromonitoring guidance. A
single, transverse incision was made on the lateral aspect of the

Table 3. Postoperative complications

Total (n=24)

Complications

Acute renal failure
Altered mental status
Aspiration

Atelectasis

Epidural hematoma
lleus

Nausea and vomiting
Postoperative anemia
Urinary retention
Urinary tract infection
Venous thromboembolism

O O O O OO O o o o o

Table 4. Narcotic prescriptions after 6-weeks postoperatively

Medication Total (n=24)
Tramadol 16.7% (4)
Hydrocodone 8.3% (2)*
Hydromorphone 4.2 (1)*
Cyclobenzaprine 4.2% (1)
Alprazolam 4.2% (1)

*One patient received both medications at different timepoints.
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Multimodal Analgesic Regmen

Prior to admission

Preoperative patient counseling regarding intraoperative and postoperative analgesia at spine surgeon's office.

Day of surgery
Preoperatively:

Oral medications given preoperatively in holding area about 1 hour prior to surgery:

1. Cyclobenzaprine 10mg

2. Pregabalin 150mg

3. Oxycodone controlled-release 10mg
Intraoperatively:

- Inducation of anesthesia—propofol 2mg/kg plus ketamine 50mg
- Maintenance of anesthesia—sevoflurane gith fentanyl 1-2ug/kg titrated to clinical effect

- Additional medications administered intraoperatively:

1. Bupivacaine 0.5% with epinephrine 1:200,000 injected at incision site

a. 20ml per side if patient weight <70kg
b. 30ml per side if patient weight >70kg

2. Acetaminophen 1,000mg IV

3. Dexamethasone 10mg IV

4. Ondansetron 4mg IV

5. Famotidine 20mg IV

Postoperatively in recovery room:

1. Trmadol 50mg

2. Cyclobenzaprine 10mg orally for spasms

3. Oxycodone immediate release

a. 5mg q4h as needed for pain (VAS pain >3) for opioid nalve patients
b. 10mg g4h as need for pain (VAS pain >4) for opioid tolerant patients

Inpatient Medications:

1. Tramadol 50mg

2. Oxycodone 5mg
a. 5mg as needed for pain (VAS 4-6)
b. 10mg as needed for pain (VAS 7-10)

3. Cyclobemzaprine 10mg

4. Pregabalin 75mg

5. Acetaminophen 650mg q6h

6. Cold compress applied to surgical site

Figure 1. Protocol for the multimodal analgesic regimen

body in-line. The psoas muscle is palpated and blunt dissection
is carried out through the psoas down to the disc space. The
cannulated dilator was attached to the disc center, and a guide
wire was fed through it. Before removal, a specialized retractor
was placed over the last dilator. Muscle was cleared from the
annulus, which was then incised. The contralateral annulus
was perforated after discectomy and endplate preparation.
Interbody cages were filled with allograft and then implanted.
The patient was then moved from lateral decubitus to the prone
position in cases requiring direct decompression. Finally, pos-

terior decompression and bilateral pedicle screw placement
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were achieved via an 18-mm tubular retractor and guide wire,
respectively.

RESULTS
1. Patient Demographics

Total of 24 LLIF patients were included with a mean age
of 57.0 years, of whom 50.0% were female and 37.5% were
obese. Hypertension was the most common preoperative
diagnosis and majority (79.2%) of patients utilized private
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Preoperative

Intraoperative

Postoperative

Prior to admission: Patient counseling

Surgery day: Oral medications given 1
hour before surgery

1. Cyclobenzaprine 10mg

2. Pregabalin 150mg

3. Oxycodone controlled-release 10mg

Induction of anesthesia:
Propofol 2mg/kg + ketamine 50mg

Maintenance of anesthesia:
Sevoflurane with fentanyl 1-2ug/kg
titrated to clinical effect

Additional medications:
1. Bupivacaine 0.5% with epinephrine
1:200,000 injected at incision site
a. 20ml per side if oatient weighs <70kg
b. 3.ml per side if patient weighs >70kg
2. Acetaminophen 1,000mg IV
3. Dexamethasone 10mg IV

4. Ondansetron 4mg IV

In recovery room:
1. Trmadol 50mg

2. Cyclobenzaprine 10mg orally for spasms
3. Oxycodone immediate release

a. 5mg q4h as needed for pain (VAS pain >3)

for opioid nalve patients

b. 10mg q4h as need for pain (VAS pain >4)

for opioid tolerant patients

Inpatient Medications:
1. Tramadol 50mg
2. Oxycodone 5mg
a. 5mg as needed for pain (VAS 4-6)

5. Famotidine 20mg IV

b. 10mg as needed for pain (VAS 7-10)
3. Cyclobemzaprine 10mg
4. Pregabalin 75mg
5. Acetaminophen 650mg q6h
6. Cold compress applied to surgical site

Figure 2. Diagram of the protocol for the multimodal analgesic regimen

insurance. Mean Charlson Comorbidity Index was 2.0 and
most patients had an American Society of Anesthesiologists
classification of 2 (83.3%) (Table 1). Most patients had a pre-
operative spinal diagnosis of degenerative spondylolisthesis
(66.7%) and underwent primary (81.8%) single-level (87.5%)
procedures.

2. Perioperative and Postoperative Outcomes

Majority (83.3%) of surgeries undertaken were primary. The
most common level to be fused was L4-L5 (66.7%), and most
cases were single-level surgeries (87.5%). Mean operative dura-
tion was 121.8 minutes, mean EBL was 44.0 mL, mean LOS was
4.5 hours, mean postoperative pain score was 5.8, and mean
postoperative narcotic consumption was 26.8 oral morphine
equivalents (Table 2). All patients were discharged on the same
day of surgery. No postoperative complications were observed
(Table 3). After the 6-week postoperative timepoint, 16.7% of
patients filled a prescription for tramadol, 8.3% for hydroco-
done, 4.2% for hydromorphone, 4.2% for cyclobenzaprine, and
4.2% for alprazolam (Table 4).

https://doi.org/10.21182/jmisst.2021.00360

DISCUSSION

In the United States, surgical care accounts for 7% of the gross
domestic product (GDP) [12]. As healthcare costs continue to
increase, hospitals, patients, and insurance providers are ac-
tively working to reduce costs and patients’ length of stay with-
out compromising the quality of care and improving the value
of care. As advancements in operative, analgesic, and anesthet-
ic techniques improve, surgical treatment in outpatient am-
bulatory surgery centers (ASCs) appears to be more favorable
than inpatient hospital settings. While implementation of such
advances present potential clinical and economic gains, thor-
ough evaluation of procedure efficacy and patient outcomes is
required as the quality of care and patient safety are not to be
compromised.

In this study, we present a case series of 24 patients under-
going LLIF surgical treatment in an outpatient setting utilizing
our institution’s novel MMA protocol. While studies have com-
mented on similar analgesic protocols for lumbar decompres-
sion, transforaminal lumbar interbody fusion, there is scarce
literature documenting analogous protocols for the lateral ap-
proach to fusion in an ambulatory setting [10,11]. Additionally,
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it should be noted that the protocol utilized in this surgery for
LLIF technique is not specific to the lateral approach but may
be generalized per surgeon discretion to other fusion surgeries
performed in an ambulatory setting.

On average, patients were younger than 65 years old and had
an average length of stay of 4.5 hours. Additionally, the mean
narcotic consumption of postoperative day 0 (POD 0) was 26.8
oral morphine equivalents (OME). All patients did well during
the surgery with none presenting any complications postoper-
atively and all patients were discharged home on the same day
of surgery (in less than 23 hours) without further hospitaliza-
tion or readmission required.

These positive results are attributed to our strict adherence
to effective MMA protocol, appropriate pre-and peri-operative
patient management, and effective patient selection. Prior
studies have demonstrated MMA protocols following spine sur-
gery to be instrumental in postoperative clinical improvements
in pain and disability without raising patient complication pro-
file [13,14].

1. Patient Selection

In order for successful surgery avoidant of potential com-
plications, patients must be carefully selected for both the
outpatient setting and for use under the MMA protocol. In
their study, Smith et al. [15] concluded that the best predictors
for early postoperative discharge and prevention of transfers
to inpatient facilities from outpatient settings were decreased
comorbidity burden, age, and BML. Further, Chin et al. [16] pro-
posed the following criteria for outpatient spine surgery based
on their experience with lumbar decompression, disc replace-
ment, and fusion in a single surgeon private practice: patients
living or staying 30 minutes or less of the surgery location, a
BMI<42 kg/m2, clearance from a patient’s general practitioner
or cardiologist, ASA score of <3, and presence of a responsible
adult for at least 24 hours after the surgery. Using this criteria,
the authors concluded that 79% of spine surgery patients in
their private practice were eligible for procedures in the ambu-
latory setting [16].

The results of our study align with the findings of prior litera-
ture in that the majority of patients deemed suitable for outpa-
tient LLIF were younger than 65 years old, had a BMI less than
42 kg/m?2 and had an ASA score of less than 3.

Specific criteria for LLIF in ASCs have not yet been developed
to our knowledge. In combination with published literature
and our patient demographics in this study we present the fol-

lowing exclusion criteria: patients>65 years older [12], BMI>40
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kg/m’ [16,17], increase risk of postoperative nausea and vom-
iting (PONV) [5,18], no presence of a responsible adult for at
least 24 hours postoperatively or the patient cannot take care of
him/herself [5,16], and an ASA score no greater than 3 [19]. In
addition to these criteria, surgery in an ASC may not be possi-
ble if cases are composed of complex spinal pathologies and/
or multilevel cases, more invasive procedures such as open ap-
proaches in place of MIS, and operations that must be done in
parts or have duration greater than 2 hours [5,20].

Furthermore, ASCs may have limited available clinical sup-
port staff and emergency services. In case of an emergency,
patients may be transferred to the hospital. As such, it is vital to
acknowledge a patient’s comorbidities and health. In our study,
no patients with an ASA greater than 3 were included. In this
way, patients that have present comorbidities that may pose
life-threatening risks are not included as the operative risk is
too high.

2. Multimodal Analgesia Protocol

Our team’s MMA protocol aims to target multiple causes
of pain following spine surgery, including neuropathic pain,
inflammation, muscle spasticity, and a diminished central ner-
vous system pain threshold [21]. With these aforementioned
aims in mind, the protocol strives to optimize pain control and
therefore reduce dependence on opioid medications [21]. Ad-
equately controlling pain postoperatively has shown success in
lowering risk of complications, faster recovery, superior mobil-
ity and coordination, and even patient satisfaction [22-24]. In
a randomized controlled-trial by Kim et al. [14] of 80 patients
undergoing lumbar spinal fusions, the authors reported that
pain scores decreased and disability scores improved postop-
eratively without increasing complication rates. Further, in a
retrospective review of postoperative clinical and perioperative
outcomes following single-level transforaminal lumbar inter-
body fusion (TLIF) using either a MMA or patient-controlled
analgesia (PCA) protocol, authors reported the MMA cohort to
have reduced rates of inpatient narcotic consumption, PONV,
and reduced LOS [17]. The same study noted, however, that
postoperative narcotic consumption after discharge, inpatient
pain scores, and Post operative urinary retention demonstrated
no differences between the two cohorts [17].

In our study, the mean postoperative pain score was 5.8 on
a numerical Visual Analog (VAS) scale of 0-10 (0 being no pain
and 10 being as bad as it can be) (Table 2). Our team attributes
our postoperative pain management primarily to the preoper-

ative and intraoperative components of our analgesic protocol.
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Following orthopedic surgical procedures where severe pain
can be experienced by the patient before the surgery and after-
ward, detailed preoperative analgesia is crucial to enhancing
patient recovery, pain ratings, and rehabilitation [25,26].

3. Preoperative Component

Several approaches have been proposed to alleviate severe
postoperative pain, such as use of preemptive analgesia, opi-
oids, cyclooxygenase-2 inhibitors, epidural anesthesia, periph-
eral nerve blockade, local infiltration analgesia, patient-con-
trolled analgesia, and multimodal analgesia [26]. Furthermore,
Kashefi et al. [27] found preoperative administration of either
tramadol, cyclooxygenase-2 inhibitors, nonsteroidal anti-in-
flammatory drugs or opioids lead to deceased patient-report-
ed levels of pain, increased activity levels, improved mental
health reporting, and generally a positive satisfaction with their
procedure. Acetaminophen demonstrates the ability to en-
hance postoperative pain scores and analgesia predominantly
through central nervous system action [28,29]. Beyond the
well documented analgesic effects, acetaminophen also has
antipyretic effects preventing downstream peroxidase steps
involved with synthesis of prostaglandins [30]. Acetaminophen
is inexpensive, is associated with few mild adverse side effects,
and has demonstrated effectiveness, often as a single agent, in
managing the analgesic effectiveness of surgery. Preoperative
utilization of anticonvulsants, such as gabapentin and prega-
balin, have demonstrated efficacy in reducing pain intensity
postoperatively and improving functional outcomes for spine
surgeries [31]. Turan et al. [32] specifically note in their study
in which patients received 1,200 mg gabapentin 1 hour before
surgery that patients reported decreased pain scores and de-
creased postoperative morphine use versus the placebo group
following spine surgery. Further, the use of cyclobenzaprine
preoperatively, often in conjunction with nonsteroidal anti-in-
flammatory drugs, have improved efficacy over opioids. Cy-
clobenzaprine has been observed to provide significant lower
back pain relief justifying their utility as a multimodal analgesic
approach [33].

4. Intraoperative Component

While the utility of preoperative pain management is gaining
statistical and clinical significance, intraoperative pain manage-
ment has long been a standard surgical approach. Medications
that decrease the patient’s level of consciousness, along with

inhaled anesthetics, are used to keep the patient comfortable
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during the procedure. Specifically propofol and ketamine [30].
Ketamine, which antagonizes an NMDA receptor, has been
proven to decrease opioid consumption via receptor modula-
tion and lowering central excitability also function in conjunc-
tion with acetaminophen and nonsteroidal anti-inflammatory
drugs intraoperatively. Throughout the surgical procedure, ac-
etaminophen, dexamethasone, ondansetron, and famotidine
are given [25,30]. Further, intraoperative use of bupivacaine
was administered in a one-time dose typically towards the con-
clusion of surgery to provide significant incremental pain relief.
A study by Reynolds et al. [34] demonstrated 0.25% solution of
bupivacaine associated with decreased opioid use following
fusion surgery for idiopathic scoliosis compared to patients re-
ceiving local anesthetic, without showing systemic side effects.

S. Postoperative Component

By providing adequate postoperative analgesia, patients
would not only experience less pain and possibly less opioid
consumption, but it also has implications for cost savings and
improved rehabilitation by reducing the length of stay, con-
ducting more effective postoperative therapy, and increasing
patient satisfaction [26,35]. MMA protocols optimize non-opi-
oid interventions by limiting their use to treat “breakthrough”
pain postoperatively. Furthermore, the mean postoperative
narcotic consumption on the day of surgery was 26.8 oral mor-
phine equivalents (OME). After querying the state’s prescrip-
tion monitoring program to assess rates of fulfilled narcotic pre-
scriptions at 6 weeks following surgery, it was shown that 16.7%
of patients filled a prescription for tramadol, 8.3% for hydroco-
done, 4.2% for hydromorphone, 4.2% for cyclobenzaprine, and
4.2% for alprazolam demonstrating that the majority of patients
had weaned off narcotics. It should be noted that regarding
opioid utilization following MMA protocol in this case series,
at the 6-week timepoint 4 patients utilized tramadol, 2 patients
utilized hydrocodone, 1 patient utilized hydromorphone, 1 pa-
tient utilized cyclobenzaprine, and 1 patient utilized alprazol-
am. 1 patient received both medications at different timepoints.
Regarding opioid medication usage at 6-weeks, 5 patients or
around 20% of patients in this case series utilized a narcotics at
6-weeks. When combined with opioid equivalent analgesics,
about 1/3 of case series fulfilled medication prescription at
6-week. This would suggest that a non-trivial number (20%) of
patients required narcotic medications at 6-weeks, and further
study with greater cohort sizes will need to be conducted to
understand how to drive this percentage lower. Although this

case series consists of only 24 patients, the results of our study
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as a preliminary analysis show the promise and utility of our
MMA protocol in the context of outpatient LLIF surgery as the
majority of patients in this case series were weaned off narcot-
ic medications at first follow-up. The overarching goals of an
MMA protocol include using a variety of medications to reduce
perioperative pain, specifically improving patient-reported
postoperative pain ratings while minimizing harmful iatrogenic
effects. Postoperatively, patients are given a detailed outline of
PO medications. Many preoperative medications, including
muscle relaxants, anticonvulsants, and opioids, are continued
into the postoperative period. Additionally, a schedule includ-
ing NSAIDs and/or acetaminophen is part of a comprehensive
MMA [30]. While surgical interventions may be the next best
step in treating a pathological state, it doesn’t come without
risk of pain leading to stress, anxiety, depression, and medica-
tion dependence. The development and implementation of a
thorough patient-centered MMA can decrease postoperative
pain-related risks and lower dependence on opioids long term.
Implementation and utilization of a patient-centered MMA
can adequately reduce pain and improve patient-reported out-

comes.

6. Complications

Unique to the LLIF, it involves exposure to the lumbar spine
through a lateral aspect by a retroperitoneal approach through
the psoas muscle [36]. For successful completion of an LLIF
procedure, preoperative imaging in the form of MRI or CT is
necessary to visualize the disc space and ensure that intra-ab-
dominal vessels are not vulnerable to injury [36]. Throughout
the procedure, neuromonitoring and fluoroscopy are utilized
to obtain anterior-posterior and lateral radiographs for the sur-
geon to plan and perfectly execute the incision in line with the
disc space [36].

Reported complication rates are controversial across liter-
ature [37], which most likely is associated with the surgeon’s
surgical experience, patient demographic characteristics, and
varied instruments and/or techniques utilized [38]. The most
common and greatest risk from LLIF includes neurological in-
jury to the lumbar plexus, which may result in sensory and mo-
tor problems potentially due to psoas muscle trauma or lumbar
plexus stretching. It should be noted that an anterior to psoas
approach not utilized in this case series may provide a more
natural corridor to the disc space with decreased postoperative
risk of hip weakness with such risk inherently greater in the lat-
eral transpoas approach [39].

As the lateral approach to fusion is technically demanding
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and post-operative complications are more likely the longer a
procedure lasts, surgeons unable to perform cases in <2 hours
should not migrate lateral fusion cases to outpatient setting. In
a multicenter study of prospectively treated patients fused at
L3-4 and L4-5 with LLIE, 27.5% of patients reported postoper-
ative hip flexion weakness and the systematic review by Hijji
et al. [37] noted that up to 36% of patients reported temporary
neurologic injury following surgery with lumbar neurapraxia
occurring in up to 62.7% of patients [40]. Previous studies have
attributed such complications to prolonged retractor time (>30
minutes), increased tissue edema and damage from retractor
placement, and excess extension of the psoas muscle opening
leading to ischemic nerve damage [37,40]. Performing an open
LLIF is especially not suitable, as these procedures are general-
ly longer and patients require longer time to recover, often re-
quiring hospitalization [41]. In our study, the attending surgeon
benefitted from 15 years of experience with MIS techniques,
allowing for shortened operative times, minimized blood loss,
and tissue trauma burden. Surgical experience and where a
surgeon is on their learning curve is important when assessing
when to make the switch from performing lateral fusions in an
inpatient setting to the ASC.

Rarely, bowel perforation has been reported as a life threat-
ening complication of the lateral approach, with literature
noting that primary means of avoidance of bowel perforation
to be presurgical imaging (MRI/CT) to provide information re-
garding sagittal vertebral length and anatomical abnormalities
[2,42]. Furthermore, by examining the location of anatomic
structures, such as the retroperitoneal vasculature, lumbar
nerve roots, and genitofemoral nerve relative to the psoas mus-
cle, complications related to retroperitoneal exposure may be
reduced [42].

Postoperatively, the lateral approach has been associated
with ileus, with independent risk factors including GERD, L1-2
operative levels, and posterior instrumentation [43]. A multi-
modal approach should be utilized to limit administration of
narcotics and other agents that may contribute to decreased
gastrointestinal motility [44].

In our study, no immediate postoperative complications
were observed (no cases of acute renal failure, altered men-
tal status, aspiration, atelectasis, Epidural hematoma, ileus,
nausea and vomiting, anemia, urinary retention, urinary tract
infection, or venous thromboembolism) (Table 3). This is sure-
ly attributable to surgeon experience, low study power, and
patient selection. As careful attention was paid to selection of
patients for outpatient spine surgery, this allowed for faster re-

covery and discharge from the ASCs. Patients included in this
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outpatient case series were generally younger (mean age of 57.0
years), majority were non-obese (62.5%), with low independent
comorbidity burden (83.2% with ASA score<3). These modifiers
of patient risk surely benefited our postoperative complication
results as elevated comorbidity, age and BMI are risk factors for
surgical complication postoperatively. As such conclusions of
the utility of this protocol and subsequent risk of postoperative
complications in older patients, obese patients, or those with
severe comorbidity burden should not be made. Furthermore,
a significant barrier to discharge is postoperative nausea and
vomiting, which notably in our case series no patients were
observed to display. While the small sample size could have
played a role, the reliance of our protocol on local anesthesia
that doesn’t exert systemic effects potentially contributed to
this observation. In our protocol, appropriate treatment for
PONYV includes preoperative administration of anti-emetics
such as ondansetron or metoclopramide, and adequate hydra-
tion.

7. Limitations

As our study is a case series, only 24 patients were included
which limits the power of the study. Additionally, not all of the
patients the surgeon treated were included in the study due to
refusal to consent to the study on the patient’s behalf. Further,
we did not follow up with the patients or analyze patient-re-
ported outcomes, which if included would add strength to the
study with insight into patient postoperative improvement
across quality of life domains. Given strict selection for outpa-
tient ambulatory spine surgery, patients included in this case
series were generally younger, non-obese, with low comorbid-
ity burden. As such conclusions of the utility of this protocol in
older patients, obese patients, or those with severe comorbidity
burden should not be made. Additionally, this study is based
on a single surgeon at a single academic institution limiting
generalizability of study findings to other clinical settings. In
addition, while mention of opioid prescriptions more than 6
weeks postoperatively is reported, we did not report whether
some of these patients were opioid-naive patients or patients
already taking opioids.

CONCLUSION

Ambulatory surgery centers are performing a growing num-
ber of spine surgeries. With the proven benefits and improving
safety profile of the lateral approach, an increasing number of
LLIFs will be performed in ASCs. The ability to control pain is
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a crucial component of the success of these procedures. Based
on a review of high-quality literature and our own clinical expe-
rience, we present a specific multimodal protocol in this study.
The findings of our study may inspire similar groups to adopt
aspects of their own MMA protocols.
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Appendix. Multimodal Analgesic Regimen for OQutpatient Spine Surgery

Prior to admission

Preoperative patient counseling regarding intraoperative and postoperative analgesia at spine surgeon’s office.

Day of surgery

Preoperatively:

Oral medications given preoperatively in holding area about 1 hour prior to surgery:

1. Cyclobenzaprine 10 mg
2. Pregabalin 150 mg
3. Oxycodone controlled release 10 mg

Intraoperatively:
- Induction of anesthesia - propofol 2 mg/kg plus ketamine 50 mg

- Maintenance of anesthesia - sevoflurane with fentanyl 1-2 pg/kg titrated to clinical effect

- Additional medications administered intraoperatively:
1. Bupivacaine 0.5% with epinephrine 1:200,000 injected at incision site
a. 20 mL per side if patient weight<70 kg
b. 30 mL per side if patient weight=>70 kg
2. Acetaminophen 1,000 mg IV
3. Dexamethasone 10 mg IV
4. Ondansetron 4 mg IV

Postoperatively in recovery room:
1. Tramadol 50 mg
2. Cyclobenzaprine 10 mg orally for spasms
3. Oxycodone immediate release

a.5 mg q4h as needed for pain (VAS Pain>3) for opioid naive patients
b. 10 mg q4h as need for pain (VAS Pain>4) for opioid tolerant patients

Discharge Medications:
POD# 0
1. Tramadol 50 mg
2. Oxycodone 5 mg
a. 5 mg as needed for pain (VAS 4-6)
b. 10 mg as needed for pain (VAS 7-10)
3. Cyclobenzaprine 10 mg
4. Pregabalin 75 mg
5. Cold compress applied to surgical site

POD #1
1. Oxycodone discontinued by 9 am
2. Hydrocodone/paracetamol 5 mg
a. 1 tablet as needed for pain (VAS Pain 4-6)
b. 2 tablets as needed for pain (VAS Pain 7-10)
3. Cyclobenzaprine 10 mg

VAS: Visual Analog Scale for pain (where 0 = no pain and 10 = worst possible pain)
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