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ABSTRACT

Background: The transition of minimally invasive (MIS) spine surgery from the inpatient to outpatient setting has

been aided by advances in multimodal analgesic (MMA) protocols. This clinical case series of patients demonstrates the
feasibility of ambulatory MIS transforaminal lumbar interbody fusion (TLIF) and lateral lumbar interbody fusion
(LLIF) procedures while using an enhanced MMA protocol.

Methods: Consecutive MIS TLIF or LLIF procedures with percutaneous pedicle screw fixation and direct
decompression in the ambulatory setting were reviewed. The procedures were performed using an MMA protocol. The
ambulatory surgery center (ASC) did not allow for observation of patients for periods of time greater than 23 hours. We

recorded patient demographics, perioperative, and postoperative characteristics.
Results: Fifty consecutive patients were identified from September 2016 to July 2019. Forty-one patients (82%)

underwent MIS TLIF, and 9 patients underwent MIS LLIF (18.0%). All patients were discharged on the same day of
surgery. The mean length of stay was 4.5 hours and 3.8 hours for the TLIF and LLIF cohorts, respectively. Our review

of medical records revealed no postoperative complications following either the TLIF or the LLIF procedures.
Conclusions: The present study of 50 consecutive patients is the largest clinical series of ASC patients undergoing

lumbar fusion procedures in a stand-alone facility with no extended postoperative observation capability. While using

MMA protocol within the ASC, no postoperative complications were observed for either MIS TLIF or LLIF
procedures. All patients were discharged from the ambulatory surgical center on the day of surgery with well-controlled
postoperative pain.

Level of Evidence: 4.
Clinical Relevance: The MMA protocol is an essential aspect in transitioning minimally invasive lumbar spine

surgery to the ASC. Our findings indicate that MIS lumbar fusion spine surgery with an enhanced MMA protocol can
lead to safe and timely ASC discharge while minimizing hospital admission.

Minimally Invasive Surgery
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BACKGROUND

An increasing number of spinal procedures are

now performed in the ambulatory surgical center

(ASC) setting.1 With advances in anesthetic and

analgesic techniques and a trend toward minimally

invasive surgical (MIS) approaches, ambulatory

spine surgery is becoming more feasible.2 Further-

more, the potential for ASCs to decrease health care

costs represents a financial incentive and value-

based health care. Additional benefits of outpatient

surgery compared to inpatient hospitalization in-

clude decreased risk for nosocomial infections,

increased safety from consistent surgical teams,
and improved patient satisfaction from personalized
care plans.3 While there are potential clinical and
economic advantages to ambulatory spine surgery,
patient safety remains an important concern, and
surgeons should be aware of any possible compli-
cations, readmissions, and morbidity that can arise
from outpatient procedures.4

Past investigations have examined various aspects
of lumbar spine surgery performed in the ASC, such
as patient selection criteria, complication rates,
perioperative protocol, anesthetic techniques, and
postoperative care.5 Further research is needed to



determine whether favorable postoperative clinical
outcomes can be maintained regardless of surgical
setting.2 There is a scarcity of available descriptive
reports regarding patients undergoing MIS lumbar
fusion procedures, including transforaminal lumbar
interbody fusion (TLIF) and lateral lumbar inter-
body fusion (LLIF). This article presents a clinical
case series of patients who underwent MIS lumbar
fusion procedures in the ASC with a review of
literature. We focus on multimodal analgesic
(MMA) protocol guidelines for the preoperative,
intraoperative, and postoperative time periods. We
conclude with recommendations for patient selec-
tion.

METHODS

Patient Population

This study began following institutional review
board approval (ORA #14051301). Chart review
was performed for consecutive patients of a single
surgeon who underwent outpatient single-level MIS
TLIF or LLIF procedures with percutaneous
pedicle screw fixation and direct decompression in
the ambulatory setting. All patients attempted and
failed nonoperative management, including anti-
inflammatory medications, physical therapy, and
corticosteroid injections. All patients were medically
cleared by their primary care physician and deemed
to be in good physical health by anesthesiologists
prior to surgical intervention. Patients were included
if they had a diagnosis of degenerative disc disease
or a grade I/II spondylolisthesis with spinal stenosis.
An MMA protocol developed at our institution was
used to standardize perioperative pain management
for all patients (see Appendix 1). The ASC did not
permit patient observation for a duration greater
than 23 hours.

Data Collection

Patient demographics and baseline characteristics
were recorded, including age, sex, smoking status,
Charlson Comorbidity Index (CCI), and body mass
index (BMI). Chronic medical conditions and
comorbidities were also recorded, including compli-
cated and uncomplicated diabetes, hypertension,
asthma, arthritis, congestive heart failure, hyperlip-
idemia, peripheral vascular disease, malignancy,
liver disease, renal failure, chronic lung disease,
and gastrointestinal bleeding.

Perioperative characteristics were collected, in-
cluding operative level, estimated blood loss (EBL),
operative time, American Society of Anesthesiolo-
gists (ASA) score, and length of ambulatory center
stay. Patient-reported visual analog scale (VAS)
postoperative pain scores prior to discharge were
recorded. The amount of narcotic medications
administered to patients prior to discharge were
converted into units of oral morphine equivalents
(OME) and summed across all types of narcotic
medications prescribed.

Data regarding postoperative complications
were recorded, including aspiration necessitating
reintubation, urinary retention requiring catheter-
ization, urinary tract infection, acute renal failure,
postoperative anemia requiring transfusion, epidu-
ral hematoma, altered mental status, venous
thromboembolism, pulmonary embolism, pneumo-
thorax, cardiac arrhythmia including atrial fibril-
lation and atrial flutter, ileus, pneumonia,
dysphagia, atelectasis, pleural effusion, urinary
manifestations of cauda equina syndrome, nausea
and vomiting, and fever of unknown origin. Patient
records were reviewed for any emergency room
visits from the time of their lumbar spine surgery
until this review was conducted in August 2019.

Multimodal Analgesia Protocol

MMA involves a combination of medications,
including opioids, muscle relaxants, anticonvul-
sants, and anti-inflammatories (Appendix 1). The
administration of pain medication can begin as early
as 2–3 days before surgery. Procedure and surgeon
preference may dictate beginning cyclooxygenase
(COX)-2 inhibitors, such as celecoxib or melox-
icam.6 Otherwise, MMA pain control most often
begins 1–2 hours before surgery. Our presurgical
protocol includes orally administered long-acting
opioids and muscle relaxants.7 Cyclobenzaprine is
often used because it has been observed to provide
lower back pain relief.8 An oral anticonvulsant,
such as pregabalin, is added prior to general
anesthesia. Preoperative opioid dosages are used
because they are thought to induce a preemptive
analgesia that ultimately lessens postoperative pain,
nausea, pruritus, and the need for postoperative
opioids.9 Finally, administering ketorolac can be
considered during the preoperative period in order
to control postoperative prostaglandin production.

Our MMA protocol calls for the use of propofol
as an inhaled anesthetic, with the possible admin-
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istration of ketamine at induction. Ketamine can be
used on its own or synergistically with opioids and
other anti-inflammatories to reduce long-term pain
and decrease postoperative opioid use.

Prior to incision, administered dexamethasone
and famotidine were used to decrease the risk of
nausea and vomiting. Liberal use of our standard
local anesthetic injection consisting of 60 cc
Bupivacaine 0.5% with epinephrine 1:200 000 is
encouraged at each surgical site. Depending on the
case or surgeon discretion, several other medications
can be administered for pain control and for
mitigating postoperative opioid consumption. In-
traoperative fentanyl (1–2 mcg/kg in total) or
methadone can be given intravenously (IV). For
additional pain control, IV lidocaine can be given.
Prior to extubation, IV acetaminophen was used for
its effect as an antipyretic and analgesic.

Management of our postoperative MMA in-
cludes using the same muscle relaxants, opioids,
and anticonvulsants that were used in the preoper-
ative setting. Cold compresses were applied to the
surgical area. Surgeon discretion or case specifics
dictated whether nonsteroidal anti-inflammatory
drugs (NSAIDs) or acetaminophen were added.
Calcium channel modulators, such as gabapentin or
pregabalin, were also used on an as-needed basis.
For the first 24 hours after surgery, tramadol could
also be administered up to every 6 hours.

Surgical Technique

All patients underwent surgery using 1 of 2
techniques: MIS TLIF or LLIF. All MIS TLIF
procedures were performed using the Wiltse tech-
nique through a paramedian (4.5-cm skin incision
lateral to midline) approach under fluoroscopic
guidance. A fascial plane was developed between
the multifidus and longissimus muscles. The facet
and pars were removed using a high-speed burr.
Once nerve roots were identified, a laminectomy was
completed. The intervertebral disc was visualized,
incised, and removed. Following endplate prepara-
tion, the interbody device was placed within the
intervertebral space. Finally, percutaneous pedicle
screws were placed over a guide wire.

For patients undergoing LLIF, the patients were
in the lateral decubitus position. A single, trans-
verse incision was made on the lateral aspect of the
body in-line. The cannulated dilator was docked on
the disc center, and a guide wire was placed
through the dilator. A specialized retractor was

placed over the last dilator before removal. The
annulus was cleared of muscle and incised. After
discectomy and endplate preparation, the contra-
lateral annulus was disrupted. The interbody cages
were filled with allograft and implanted. The
patient was placed in the prone position, and an
18-mm tubular retractor and guide wire were used
for posterior decompression and pedicle screw
placement, respectively.

RESULTS

Demographic Characteristics

A total of 50 patients were identified from
September 2016 to August 2019, of which 41
patients underwent MIS TLIF and 9 patients
underwent MIS LLIF. Males constituted 66.0% of
all patients (Table 1). The mean age was 47.4 years
for the entire cohort. Mean BMI was 27.7 kg/m2.
Eight patients (16.3%) had a smoking status
preoperatively. The average CCI was 0.41.

Chronic medical conditions and comorbidities
recorded for each patient were as follows: 2 patients
had a history of uncomplicated diabetes mellitus, 8
patients had a preoperative diagnosis of hyperten-
sion, 1 patient had asthma, and 1 patient had
hyperlipidemia. There were no patients in our study
with a recorded medical history of peripheral
vascular disease, myocardial infarction, malignancy,
liver disease, renal failure, chronic lung disease, or
gastrointestinal bleeding.

Perioperative and Postoperative Outcomes

All 50 patients underwent a single-level MIS
TLIF or LLIF procedure. L4–L5 was the most
common level operated on (48.0%), followed by
L5–S1 (46.0%) (Table 2). Only the LLIF procedure
was utilized to operate at the L2–L3 (11.1%) and
L3–L4 (22.2%) levels. Mean operating time was
113.5 minutes, and mean EBL was 33.9 mL. The
mean length of stay in the surgical center following
surgery was 4.4 hours. Sixteen patients had an ASA
score of 1 (34.0%) or 2 (53.9%). There were no
patients with a score of 3 or greater.

All patients in our cohort were discharged home
from the surgical center on the same day as the day
of surgery, with the longest postoperative stay being
8.8 hours (Table 2). The mean postoperative VAS
pain score prior to discharge from the ASC was 5.1.
The mean narcotics consumption following surgery
before discharge was 32.4 (expressed in units of
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OME). Our review of medical records revealed no
postoperative complications for the patient sample
(i.e., no occurrences of acute renal failure, altered
mental status, aspiration, epidural hematoma, ileus,
nausea and vomiting, anemia, urinary retention,
urinary tract infection, or venous thromboembo-
lism; Table 3).

DISCUSSION

Patient Selection

Careful selection of patients is important in
minimizing the risk of complications. These are
particularly important given the potentially limited
available clinical support staff and emergency
services within the ASC setting. Given the increase
in outpatient spine surgery cases being performed
each year, a set of best practice guidelines for
selecting suitable patients may be helpful. However,
to our knowledge, there are no currently standard-
ized criteria to determine appropriate candidates for
ambulatory spine surgery.4 Smith et al10 conducted
a retrospective investigation focused on MIS LLIF

and determined that factors associated with early
postoperative discharge were male sex, younger age,
nondeformity preoperative diagnosis, and fewer
number of operative levels.

Our results are aligned with the findings of others
in that the majority of patients who underwent MIS
lumbar fusion in an ASC were male, were less than
50 years of age, and had been diagnosed with
degenerative spinal pathology prior to undergoing
single-level elective procedures. The descriptive
findings we present provide a useful framework for
patient selection within the lumbar fusion ambula-
tory setting.

Guidelines specific to lumbar fusion in the ASC
have yet to be developed. However, other outpatient
spine surgery recommendations, combined with the
demographic characteristics of our patient popula-
tion in the present study, led to the following

Table 1. Patient demographics and baseline characteristics.

Total

(n ¼ 50)

TLIF

(n ¼ 41)

LLIF

(n ¼ 9)a

Age, mean 6 SD, y 47.4 6 8.9 45.9 6 8.8 54.2 6 6.4
Sex, % (n)
Female 34.0 (17) 26.8 (11) 66.7 (6)
Male 66.0 (33) 30.3 (30) 33.3 (3)

Body mass index, mean 6 SD 27.7 6 4.4 27.9 6 4.5 26.8 6 3.6
Smoking status, % (n)
Nonsmoker 83.7 (41) 87.8 (36) 55.6 (5)
Smoker 16.3 (8) 9.8 (4) 44.4 (4)

Charlson Comorbidity Index,
mean 6 SD

0.41 6 0.55 0.36 6 0.54 0.8 6 0.45

Ambulatory surgery center
score, % (n)
1 34.0 (16) 41.0 (16) 0.0 (0)
2 63.8 (21) 53.9 (21) 100 (9)
�3 2.1 (1) 2.6 (1) 0.0 (0)

Preoperative diagnoses, % (n)
Uncomplicated diabetes
mellitus

4.1 (2) 4.9 (2) 0.0 (0)

Hypertension 16.3 (8) 20.0 (8) 0 (0)
Asthma 2.0 (1) 2.4 (1) 0 (0)
Arthritis 4.1 (2) 0.0 (0) 22.2 (2)
Hyperlipidemia 2.0 (1) 2.4 (1) 0 (0)
Degenerative disc disease 72.0 (36) 75.6 (31) 55.6 (5)
Degenerative spondylolisthesis 79.6 (34) 85.0 (34) 55.6 (5)
Isthmic spondylolisthesis 16.3 (8) 20.5 (8) 0.0 (0)
Spinal stenosis 90.0 (45) 90.2 (37) 88.9 (8)
Foraminal stenosis 70.0 (35) 73.2 (30) 55.6 (5)
Radiculopathy 93.9 (46) 95.0 (38) 88.9 (7)

Abbreviations: TLIF, transforaminal lumbar interbody fusion; LLIF, lateral
lumbar interbody fusion.
aLLIF procedure involved percutaneous posterior pedicle screw instrumentation.
There were no patients in our study with a recorded medical history of peripheral
vascular disease, myocardial infarction, malignancy, liver disease, renal failure,
chronic lung disease, or gastrointestinal bleeding.

Table 2. Perioperative characteristics.

Total

(n ¼ 50)

TLIF

(n ¼ 41)

LLIF

(n ¼ 9)a

Operative level, % (n)
L2–L3 2 (1) 0 (0) 11.1 (1)
L3–L4 4 (2) 0 (0) 22.2 (2)
L4–L5 48.0 (24) 43.9 (18) 66.6 (6)
L5–S1 46.0 (23) 56.1 (23) 0 (0)

Operative time,b mean 6
SD, min

113.5 6 27.6 117.1 6 26.2 97.8 6 29.7

Estimated blood loss, mean
6 SD, mL

33.9 6 13.2 34.5 613.6 31.2 6 11.6

Hospital length of stay,
mean 6 SD, h

4.4 6 1.6 4.5 6 1.6 3.8 6 1.6

Postoperative VAS pain
score, mean 6 SD

5.1 6 2.4 5.0 6 2.5 5.8 6 1.5

Postoperative narcotics
consumption, mean 6
SD, OME

32.4 6 22.2 31.7 6 21.5 36.3 6 29.8

Abbreviations: TLIF, transforaminal lumbar interbody fusion; LLIF, lateral
lumbar interbody fusion; VAS, visual analog scale; OME, oral morphine
equivalents.
aLLIF procedure involved percutaneous posterior pedicle screw instrumentation.
bOperative duration from surgical incision to skin closure.

Table 3. Postoperative complications.

Complication

Total

(n ¼ 50)

TLIF

(n ¼ 41)

LLIF

(n ¼ 9)a

Acute renal failure 0 0 0
Altered mental status 0 0 0
Aspiration 0 0 0
Epidural hematoma 0 0 0
Ileus 0 0 0
Nausea and vomiting 0 0 0
Anemia 0 0 0
Urinary retention 0 0 0
Urinary tract infection 0 0 0
Venous thromboembolism 0 0 0

Abbreviation: LLIF, lateral lumbar interbody fusion.
aLLIF procedure involved percutaneous posterior pedicle screw instrumentation.
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exclusion criteria: age greater than 65 years; BMI
greater than 40 kg/m2; increased risk of postoper-
ative nausea and vomiting; history of myocardial
infarction, severe asthma, or epilepsy; and ASA
score greater than or equal to 3 (Appendix 2).
Perioperative characteristics that may preclude
surgery in an ASC include prolonged operative
duration; increased invasive nature of the proce-
dure, such as multilevel cases; open approaches
rather than MIS; and complex spinal pathologies
that are nondeformity cases and may be more
involved.

Multimodal Analgesia Overview

Analgesic techniques are an essential aspect of
effective perioperative pain management for lumbar
fusion surgery in the ASC.11 For the management of
postoperative pain, numerous investigations have
demonstrated the efficacy of MMA, which is the
simultaneous use of multiple synergistic analgesic
medications.11–13 The goal of multimodal pain
management is to use a combination of therapies
that act on different pathways for a local and
systemic analgesic effect while reducing the dosage
of any 1 medication, while the synergistic effect
targets pain pathways, and the lessened medication
dose minimizes the risk of individual medication
side effects. For example, use of nonsteroidal anti-
inflammatories should be minimized in cases of
spinal fusion because they can hinder arthrodesis.14

An effective protocol must include the careful
selection of medications in order to reduce postop-
erative nausea and vomiting (PONV) as well as
postoperative urinary retention (POUR). The de-
velopment of these postoperative complications
may hinder rapid discharge from the surgical center.
A multidisciplinary team composed of orthopedic
surgeons and anesthesiologists from our institution
implemented a standardized MMA protocol for
patients undergoing spinal fusion in an ambulatory
setting (Appendix 1).10

Early Preoperative Options

As an early MMA component, COX-2 inhibitors
can be used as early as 2–3 days preoperatively due
to their efficacy on postoperative analgesia and due
to their benefit in reducing the risk of postoperative
bleeding.15 COX-2 inhibitors reduce prostaglandins.
This is attractive because lower levels of prostaglan-
dins can reduce hypersensitivities and also aid in a
general inflammatory process reduction. Other

surgical fields have noted enhanced recovery after
surgery (ERAS) protocols that utilize COX-2
inhibitors to be effective in reducing postoperative
morphine consumption.16,17 Patients who received
COX-2 inhibitors had an early gastrointestinal
return to function and shorter lengths of hospital
stay.16 As discussed below, these benefits must be
weighed in conjunction with the possible effect that
COX inhibitors can have on bone metabolism.

Drugs for Both Pre- and Postoperative Settings

Anticonvulsants, such as gabapentin and prega-
balin, are useful in the pre- and postoperative
settings because of their unique mechanisms of
action. During surgical trauma, voltage-gated calci-
um channels, such as the alpha-2 delta protein
channels, are up-regulated. The channels normally
allow for calcium influx followed by neurotransmit-
ter release. Gabapentin and pregabalin exert their
analgesic activity by inhibiting the alpha-2-delta
protein. Given the central nervous sensitization that
is induced during surgery, preoperatively slowing
the calcium influx appears to reduce postoperative
analgesic requirements.18 The administration of
gabapentin and pregabalin after surgery has dem-
onstrated dose-dependent effectiveness in postoper-
ative opioid reduction.19 Dosing of pregabalin has
been observed to have superior effects with the pre-
and postoperative administration of 150 mg versus
75 mg.20 Similarly, Gabapentin appears to have
superior effects with pre- and postoperative dosings
of 600 mg versus 300 mg.21 While both pregabalin
and gabapentin share some similarity, gabapentin is
more often reported to have sedative qualities.22

Regardless, when compared to opioids, gabapentin
has been associated with reductions in pruritus,
nausea, and vomiting.

Ketorolac is another drug that may also be
considered in the pre- and postoperative settings. As
an anti-inflammatory, ketorolac functions by block-
ing prostaglandins. Ketorolac has also been ob-
served to have opioid-sparing effects due to its
capability to induce analgesia.23–25 While prosta-
glandins do have numerous roles in the up-
regulation of inflammatory pathways, prostaglandin
inhibitors, such as Ketorolac, can also affect bone
metabolism modulation. Impaired bone healing has
been reported with Ketorolac doses in excess of
120–240 mg/d26,27 or when given for longer dura-
tions.28
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Intraoperative Medications

Use of ketamine during induction is attractive
because it antagonizes N-methyl-D-aspartate
(NMDA) receptors. These receptors activate central
nervous system excitability and may have a role in
opioid receptor modulation. Ketamine has been
demonstrated to reduce pain levels29 and opioid
consumption either by itself or when used with
acetaminophen, opioids, or NSAIDs.30

Intraoperative dexamethasone has also been
associated with reduction in postoperative pain
scores, and when used with peripheral nerve blocks,
it has been demonstrated to delay postoperative
intake of analgesics.31 De Oliveira et al32 observed
that, when given in excess of 0.2 mg/kg, high-dose
dexamethasone reduced postoperative opioid con-
sumption. As with other opioid-sparing medica-
tions, methadone has several properties that
mediate this effect. Methadone’s attributes include
a long half-life and inhibition of NMDA receptors
as well as inhibition of serotonin and norepineph-
rine reuptake. Compared to patients who received
IV hydromorphone, those who received postopera-
tive methadone had improved postoperative pain
scores and reduced opioid consumption. The effects
may improve mood and can reduce tolerance with
opioids.33 Intraoperative IV lidocaine is a part of
the MMA protocol due to its ability to lower pain
scores. Farag et al34 observed that when given 2 mg/
kg/h of IV lidocaine, patients had reduced levels of
pain and fewer 30-day postoperative complications.
While lidocaine has not revealed statistically signif-
icant reductions in postoperative opioid consump-
tion, it is thought that this limitation may occur due
to the type of pain experienced during spine surgery.
Finally, acetaminophen is beneficial just prior to
extubation as an analgesic and antipyretic. Like
lidocaine, IV acetaminophen has not been demon-
strated to reduce opioid consumption, though it has
been observed to have numerous benefits. IV
acetaminophen typically delivers pain relief in 25
minutes or less and has been demonstrated to reduce
extubation times, postoperative care durations, and
overall lengths of stay.35 Nonetheless, the role of IV
acetaminophen in ERAS is a subject of ongoing
research.36

Postoperative Medications

As a l-opioid receptor agonist, Tramadol has
analgesic properties due to its inhibition of seroto-

nin-norepinephrine activity. Other more potent
opioids, such as hydrocodone or oxycodone, may
be substituted with Tramadol. We also have
incorporated ice pack use into our protocol. In at
least 1 cross-sectional study on elective spine
surgery, the authors observed a more positive
association with cryotherapy and early rehabilita-
tion as compared to painkiller management alone.
Although 1 randomized controlled trial has demon-
strated a 30% reduction in pain among women after
having a spontaneous birth, this level of evidence is
still needed within elective spine surgery.

Regional Options for Opioid-Sparing Pain Control

There are numerous methods to regionally
anesthetize patients during spine surgery. Other
methods include a single epidural injection to reduce
postoperative opioid requirements.37 Another meth-
od includes establishing plane blocks on the erector
spinae using continuously infusing catheters to
provide anesthesia to spinal nerves.38 Plane blocks
and other methods of local regional anesthetics have
been observed to decrease or completely eliminate
opioid consumption.39,40 Furthermore, there are
numerous lumbar surgery case reports that have
elaborated the sole use of either spinal or epidural
anesthesia techniques during lumbar surgery.41,42

Postoperative Complications and Follow-Up

Pre- and postoperative patient counseling includ-
ed education and shared decision-making tech-
niques. Preoperatively, patients were educated
about common medication side effects that might
be expected and furthermore had the opportunity to
discuss any psychological challenges they felt, such
as preoperative fear or anxiety. The postoperative
discussion included how and when patients could
seek care if required. If a potentially serious
complication developed, patients were informed
that they would need to report to their nearest
emergency department. After discharge, patients
were contacted with a follow-up phone call within 1
workday. A follow-up appointment with the sur-
geon was scheduled in the clinic 4–6 weeks after the
procedure.

Postoperative Nausea and Vomiting

One potential obstacle that can prevent same-day
discharge following spinal fusion surgery is the
development of PONV.43 Patients with past nausea
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or vomiting after surgical procedures or those at
higher risk for developing PONV can be screened
with the transdermal application of a scopolamine
patch preoperatively. Although maintenance of
anesthesia is often accomplished with Sevoflurane
and Fentanyl, care must be taken to administer the
minimum dose necessary (1–2 mg/kg) in order to
induce a clinical effect. This may be a reason why we
did not observe an association with postoperative
visual loss. Another significant contributor to
PONV is the use of opioid medications. To prevent
this, local anesthetics are applied intraoperatively,
and nonnarcotic medications are used to reduce the
development of PONV.43 Adequate hydration and
preoperative administration of antiemetics, such as
ondansetron or metoclopramide for refractory
symptoms, are also recommended strategies for
limiting PONV.44

Postoperative Urinary Retention

POUR following lumbar fusion procedures is
another possible barrier to same-day discharge
following surgery. POUR can be defined as a
bladder scan greater than 300 mL, the postoperative
necessity of a straight catheterization, or a urology
consultation. Previous research has demonstrated
that intraoperative usage of phenylephrine and
neostigmine may increase the risk of developing
POUR.45 Although isolated cases of POUR may
resolve without serious clinical consequences, sur-
geons should be mindful of this complication arising
in lumbar fusion procedures as a sequelae of
compressive epidural hematoma resulting in cauda
equina syndrome. The rate of POUR has been
determined to be as high as 20% following single-
level MIS lumbar fusion procedures.45 As increasing
lumbar fusion surgeries are being performed in the
ambulatory setting, essential considerations to keep
in mind include the identification of risk factors that
can prognosticate the development of postoperative
POUR and avoiding the use of medications that
may increase this risk.

Postoperative Education and Shared Decision
Making

A lack of information regarding either unknown
or unexpected complications is occasionally report-
ed as a cause of patient fear and anxiety in the
outpatient surgical setting.46,47 As York et al48

report, ensuring that patient education includes
topics such as normalizing common postoperative

symptoms, informing patients to monitor postoper-
ative complications, providing wound care instruc-
tions, and sharing relevant contact numbers.
Furthermore, as others have observed, we engaged
patients beyond education into a shared decision-
making paradigm.49 Developing a plan with the
patient may include specific actionable items. For
example, patients may need to actively monitor
themselves for specific symptoms. For instance,
discussing situations that should prompt further
health care might be noticing the development of
extremity weakness, involuntary urination, or loss
of stool. Having patients be aware and ready to
make decisions based on their experience not only
improves safety but has been observed to increase
satisfaction among outpatient surgery centers.50,51

Postoperative Monitoring Prior to Discharge

There is currently no consensus on the acceptable
amount of time that patients should remain in the
surgical center for monitoring before discharge. The
patients in our study remained in the ASC for an
average of 4.4 hours after their MIS TLIF or LLIF
procedure, with some patients leaving as early as 2
hours after their procedure and others leaving as
late as 8 hours postoperatively. Prior to discharge, it
is recommended that patients be able to tolerate oral
intake, spontaneously void, have their pain ade-
quately controlled, and pass a neurological exam.
Patients in our study reported an average VAS pain
score of 5.1 prior to discharge. While 1 patient did
experience urinary retention, the patient recovered
and was able to be discharged in just over 6 hours.
Previous research has found that with adequate
planning and close monitoring, these goals may be
achieved hours after surgery,44 which was the case
for all patients in our study. In the postdischarge
setting, the role of patient education and shared
decision making were paramount. Both processes
were critical in facilitating patient knowledge
regarding when and how it was most appropriate
to seek postdischarge care. After discharge, patients
were contacted with a follow-up phone call within 1
workday. A follow-up clinic appointment was
scheduled within the subsequent 4–6 weeks.

MIS TLIF

The MIS TLIF procedure has demonstrated
decreased intraoperative blood loss, reduced nar-
cotics requirements, and shorter hospital lengths of
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stay compared to the traditional open approach.52

These advantages associated with the MIS approach
have made the adoption of this procedure in the
ambulatory setting more feasible.53,54

There are several technical facets that must be
addressed when performing MIS TLIF, such as
achieving appropriate decompression, endplate
preparation, and instrumentation. The limited
visualization and soft tissue dissection associated
with MIS TLIF can make achieving sufficient
decompression a challenge. If a decompression
procedure was performed at the same operative
level, scar formation and dural adhesions may
occur, which can increase the risk of intraoperative
dural tear. This complication may not only nega-
tively impact postoperative recovery but also hinder
same-day discharge.

Violation of the anterior aspect of the disc space
may result in damage to the great vessels, such as
the aorta, which presents a rare but devastating
complication that can further inhibit the transition
to the ambulatory setting.55 The minimization of
nerve root and thecal retraction intraoperatively
during TLIF may also help the postoperative
recovery course. While mastering these technical
challenges of MIS TLIF is not an easy accomplish-
ment, prior series of patient cases regarding this
procedure in the ambulatory setting have demon-
strated its safety and efficacy.10

MIS LLIF

There are limited clinical data on the safety and
efficacy of MIS LLIF being performed in an
ambulatory setting. Patient selection criteria and
sufficient experience of the surgeon may help to
prevent complications.52,56 The MIS LLIF proce-
dure allows for limited soft tissue dissection and a
more thorough endplate preparation that results in
a larger surface area for fusion. This procedure has
been increasingly performed in recent years, with
studies demonstrating a shorter recovery time and
decreased blood loss.57 A preoperative MRI is often
used to visualize the patient’s disc space relative to
their retroperitoneal anatomy. Important land-
marks include the psoas muscle, the lumbar plexus,
and great vessels. A more anterior positioning of the
psoas muscle may place the lumbar plexus at risk
while accessing the disc space from the lateral
approach. Intraoperative neuromonitoring may be
recommended in such cases. A lateral positioning of
the great vessels may also put them at risk during

the lateral approach to the disc space.58–60 An
intraoperative vascular injury in an ASC setting is

rare but could be fatal. This emphasizes the need to
evaluate regional vascular anatomy on preoperative
imaging studies.

LLIF complication rates are quite varied across
different studies.61 This is likely attributable to the

variation in surgeon experience, patient character-
istics, and utilization of different instrumentation
and access systems.62 An overall 36% rate of early
neurologic complications was found, which included
any postoperative weakness or loss of sensation.

The sensory and motor changes noted were mostly
transient, and the rate of persistent neurologic
complications lasting beyond 6 months was below
4% across all studies. The resolution of these
symptoms within 6 postoperative months suggests

that the complications were due to transient
stretching of the lumbar plexus or trauma to the
psoas muscle. All other complications, such as
cardiac, pulmonary, wound, and vascular compli-
cations, were found to be less than 2%.

CONCLUSIONS

This article presents a case series of 50 consecu-
tive patients who underwent outpatient lumbar

fusion procedures in a stand-alone ambulatory
surgery setting. To our knowledge, this is the largest
clinical series to date. Patients were generally
healthy, with a mean age of less than 50 years,
mean BMI less than 30, and low comorbidity

burden with few chronic medical conditions. All
procedures performed were single-level MIS TLIF
or LLIF, and the mean length of stay in the
ambulatory surgical center following surgery was
approximately 4 hours. All patients were discharged

the same day as the surgery. There were no
postoperative complications that significantly de-
layed their discharge. A summary of guidelines and
recommendations regarding patient selection and
perioperative management from a review of the

literature is also included in this article.
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APPENDIX 1. MULTIMODAL ANALGESIC
REGIMEN FOR OUTPATIENT SPINE SURGERY

Prior to Admission

Preoperative patient counseling regarding in-
traoperative and postoperative analgesia at
spine surgeon’s office.

Day of Surgery

Preoperatively
Oral medications given preoperatively in hold-
ing 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 lg/kg titrated to clinical effect

Additional medications administered intraopera-
tively

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 1000 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 .3) for
opioid-naive patients

b. 10 mg q4h as need for pain (VAS .4) for
opioid-tolerant patients

Discharge Medications

Postoperative day 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

Postoperative day 1

1. Oxycodone discontinued by 9 am
2. Hydrocodone/paracetamol 5 mg

a. 1 tablet as needed for pain (VAS 4–6)
b. 2 tablets as needed for pain (VAS 7–10)

3. Cyclobenzaprine 10 mg

Abbreviation: VAS ¼ visual analog scale for
pain (where 0¼no pain and 10¼worst possible
pain)

ASC Lumbar Fusion

International Journal of Spine Surgery, Vol. 14, No. 6 980



APPENDIX 2. PATIENT SELECTION

Table A1. Recommendations for patient selection for lumbar fusion in

ambulatory surgery center (ASC) settings.

Patient factors that may exclude patients from ASC
Age .65 y2,25

BMI .40 kg/m2 (13)

Increased risk of postoperative nausea and vomiting7

Patient does not have a reliable caregiver at home20

Patient does not have functional independence and cannot perform
activities of daily living by himself/herself2,25

Medical comorbidities (e.g., congestive heart failure, myocardial
infarction within 6 mo, angina pectoris, ASA score �3, increased
risk of thromboembolism, obstructive sleep apnea)20

Surgical factors that may exclude patients from ASC
Increased operative duration (greater than 2 h)4

Increased surgical invasiveness4

Spinal deformity4
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