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Enhanced Recovery After Surgery Protocol in Minimally Invasive Lumbar Fusion Surgery

Reduces Length of Hospital Stay and Inpatient Narcotic Use
Isabelle C. Band1, Altan O. Yenicay2, Tina D. Montemurno2, Jenny S. Chan2, Alfred T. Ogden3,4
-BACKGROUND: The application of enhanced recovery
after surgery (ERAS) has the potential to improve outcomes,
hasten patient recovery, and reduce costs. ERAS has been
applied to spine surgery for several years, but data are limited
around the impact of ERAS on minimally invasive spine sur-
gery, specifically. The authors report their experience imple-
menting a multimodal ERAS protocol for patients receiving
minimally invasive transforaminal lumbar interbody fusion.

-METHODS: The ERAS protocol was implemented at The
Valley Hospital Hospital in Ridgewood, New Jersey in
January 2020. Following implementation, all patients
receiving minimally invasive transforaminal lumbar inter-
body fusion by a single surgeon were studied. The authors
analyze the impact of the protocol on length of stay (LOS),
disposition post discharge, and opioid consumption post-
operatively in the inpatient and outpatient settings.

-RESULTS: Sixteen patients were enrolled in the protocol
and compared with 17 historical controls. LOS was
significantly shorter in the ERAS cohort (1.6 vs. 2.4 days,
P [ 0.022). There was no significant difference between
the groups with respect to disposition; the majority of pa-
tients were discharged to home without need for in-home
medical services. Patients in the ERAS cohort consumed
significantly fewer opioid analgesics postoperatively in the
inpatient setting (51 mg morphine milligram equivalents vs.
320 mg morphine milligram equivalents, P [ 0.00016). On
average, patients in the ERAS cohort were prescribed
fewer opioids analgesics post discharge.
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MME: Morphine milligram equivalents

WORLD NEUROSURGERY: X 14: 100120, APRIL 2022
-CONCLUSIONS: ERAS application to minimally invasive
transforaminal lumbar interbody fusion was safe and
effective, significantly reducing LOS and inpatient opioid
consumption. These data reflect the importance of uni-
formly applying a multimodal ERAS protocol to accelerate
recovery and reduce narcotic use.
INTRODUCTION
he concept of enhanced recovery after surgery (ERAS),
otherwise known as “fast track surgery,” refers to a
Tmultidisciplinary, multimodal perioperative care approach

that aims to accelerate patient recovery after surgery, improve
functional outcomes, and maintain high standards of care.1 ERAS
was first outlined by Danish anesthesiologist Dr. Henrik Kehlet in
1997.2 Since then, the movement has been adopted in multiple
surgical specialties including gynecology, hepatobiliary, urology,
colorectal, head and neck, breast, and bariatric surgery.3 As the
earliest discipline to adopt ERAS, colorectal surgery offers
substantial literature supporting its benefit,4 including evidence
that ERAS results in significant reductions in morbidity, length
of stay (LOS) and cost, and improvements to patient
satisfaction.5,6

ERAS has been applied to spine surgery over the past several
years. The ERAS Society, formed in 2010, has proposed a range of
consensus guidelines for a number of surgeries.7 In 2021, the
group published evidenced-based recommendations for lumbar
fusion surgery according to the Grading of Recommendations,
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Assessment, Development, and Evaluation (GRADE) system.7

Twenty-eight recommendations were included, but the guide-
lines lack specificity, particularly around anesthetic techniques
and opioid use postoperatively.7

While existing literature suggests that ERAS has the potential to
improve outcomes and speed up recovery in spine surgery, the
literature is limited. Only a handful of studies examine the role of
ERAS in minimally invasive spine surgery.8-16 Four studies
specifically investigate the impact of ERAS in minimally
invasive�transforaminal lumbar interbody fusion (MIS-TLIF).13-16

Of those studies, all 4 showed that an ERAS protocol signifi-
cantly reduced LOS and 2 showed that it reduced in-hospital
opioid usage.15,16 While this study also examines the impact of
ERAS on LOS and inpatient opioid usage in MIS-TLIF, it is the
only study to also look at whether the implementation of ERAS
can reduce the amount of opioids used in the outpatient setting
post-discharge, as well as whether it can increase the number of
patients that can be discharged to their homes rather than to a
rehabilitation facility or home health center. Compared with
existing literature, this study also provides a more detailed
description of the ERAS anesthetic protocol, such that it could be
easily reproduced at other institutions. The goal of this study is to
provide practical, detailed recommendations for an ERAS protocol
in patients receiving a specific, uniform spinal surgery, MIS-TLIF.

MATERIALS AND METHODS

Study Design
This is a prospective cohort analysis to evaluate the impact of an
ERAS protocol for patients undergoing single-level MIS-TLIF. The
control and study groups consist of consecutive patients under-
going single MIS-TLIF by the same attending neurosurgeon (A.O.)
at The Valley Hospital in Ridgewood, New Jersey from February
26, 2019 to January 26, 2021, immediately before and after the
implementation of an ERAS protocol, on January 11, 2020. The
protocol was adapted from the protocol used at the Department of
Neurological Surgery at Rush University (John O’Toole, M.D.)
after discussions between the Departments of Neurological Sur-
gery and Anesthesiology at The Valley Hospital (Figure 1).

Inclusion and Exclusion Criteria
The following inclusion criteria were used: any patient undergoing
single-level MIS-TLIF for degenerative disease by a single surgeon
at a single institution between the study dates. The following
exclusion criteria were used: chronic opioid use as defined by
opioid use for >90 days on most days or the preexisting diagnosis
of chronic neurologic disease (multiple sclerosis, Parkinson
disease).

Control (Pre-ERAS) Group
A historical cohort of the last 18 consecutive patients before
implementation of the ERAS protocol from February 26, 2019 to
January 10, 2020 was identified as meeting the study criteria. One
patient was excluded due to chronic opioid use. A second patient
was excluded from the analysis for 2 endpoints—opioids pre-
scribed in first postoperative prescription and opioids prescribed
in first postoperative prescription plus subsequent refills—
because the data were not available.
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ERAS Group
Seventeen consecutive patients from January 11, 2020�January 26,
2021 were identified as meeting study criteria. All were enrolled in
the ERAS protocol. One patient was excluded due to a diagnosis of
multiple sclerosis.

Preoperative Outpatient Phase
All patients underwent a preoperative medical assessment and
intervention that included optimization of chronic disease man-
agement (diabetes, hypertension), a discussion regarding weight
loss when appropriate, a cessation of all nicotine products for
tobacco users as evidenced by a negative preoperative urine co-
tinine test, and a preoperative education, counseling, and hospital
orientation session by a nurse practitioner. Although this kind of
multidisciplinary preoperative protocol is a key element in any
ERAS protocol, it should be noted that the protocol outlined
earlier was already in place as part of the surgeon’s regular prac-
tice before implementation of the in-patient ERAS protocol and
was therefore available to all patients in the study.

Preoperative Inpatient Phase
All patients, control and ERAS, received a final assessment and
education from the attending surgeon, anesthesiologist, and
neurophysiologist the day of surgery. The key difference between
the ERAS and control cohorts during this phase involved the
preoperative administration of oral analgesics to patients in the
ERAS cohort. Each ERAS patient received the following medicines
in the preoperative area: acetaminophen 1 gm, baclofen 10 mg,
oxycontin 20 mg, and gabapentin 300 mg.

Intraoperative Phase
All patients received general anesthesia and were given periinci-
sional bupivacaine 0.5% 20 mL on wound closure. All patients
received subfascial drains, which were removed 1 day post-
operatively. In the control group, there was no standard general
anesthesia protocol other than the usual constraints necessary to
permit intraoperative monitoring. In the ERAS cohort, the
following anesthesia protocol was followed:
The following 5 elements were essential to the ERAS protocol

and were included in all cases:

1. Ketamine and/or dexmedetomidine infusion for the duration of
the case. Ketamine 0.5 mg/kg bolus up to max of 50 mg,
followed by 0.5 mg/kg/hour. Use 0.6 mg/kg/hour for opiate-
dependent patients.

OR

a. Dexmedetomidine 0.4 mcg/kg/hourr. Range can be
0.25�0.5 mcg/kg/hour with lower doses used for older
patients.

2. Dexamethasone 10 mg IVP.

3. Zofran 4 mg IVP.

4. Limit or eliminate long-acting narcotics.

5. Minimize short-acting opioids derivatives. Intraoperative and
postanesthesia care unit use of fentanyl are left to the discretion
of the anesthesiologist.
OSURGERY: X, https://doi.org/10.1016/j.wnsx.2022.100120
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Figure 1. Enhanced recovery after surgery protocol for minimally invasive�transforaminal lumbar fusion at The Valley Hospital.
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a. Avoid remifentanil infusion due to data revealing that it can
cause postoperative opioid-induced hyperalgesia.

b. Low or minimal dose of fentanyl can be used as part of the
anesthesia induction phase to assist with intubation.

c. Low or minimal dose of hydromorphone (Dilaudid) can be
given before surgical incision.

To allow for a quick emergence for the postoperative neurologic
checks, ketamine or dexmedetomidine infusions were tapered
down and then stopped approximately 45 minutes before the
completion of surgery. This allows adequate time for medication
clearance. Given that dexmedetomidine can suppress the ampli-
tude of motor evoked potentials at higher doses, a bolus before
starting the infusion or an infusion rate above 0.5 mcg/kg/hour
were both avoided. Ketamine drip can falsely increase the
amplitude of motor evoked potentials. Midazolam was also used
in conjunction with ketamine to limit emergence phenomena.
Postoperative Phase
Postoperatively, all patients were prescribed baclofen 10 mg orally
3 times daily as needed, gabapentin 300 mg every night at
bedtime, and acetaminophen (Tylenol) 650 mg orally every 4�6
hours as needed. In addition, an escalating opioid protocol was
followed: tramadol/hydrocodone/oxycodone/Dilaudid PCA.
If a patient experienced nausea/vomiting with hydrocodone/oxy-
codone that did not respond to Zofran, Dilaudid 2 mg orally every
6 hours was prescribed. If oral opioids did not sufficiently address
a patient’s pain complaints, a Dilaudid PCA was ordered. Fentanyl
was minimally used intraoperatively or postoperatively.
WORLD NEUROSURGERY: X 14: 100120, APRIL 2022
All patients received intraoperative urinary catheters. In the
ERAS group, urinary catheters were removed and patients were
mobilized on the day of surgery. In the control group, no specific
protocol was followed.
All patients received a daily physical therapy evaluation and,

with the exception of 1 patient, were discharged to home. The day
of discharge was determined by medical need, daily physical
therapy assessments, pain control, assessment by social work, and
patient input.
New Jersey state law limits postoperative outpatient pre-

scriptions of controlled substances to a 5-day supply. At discharge,
prescriptions for a 5-day supply were estimated after reviewing the
patient’s in-house opioid intake. Patients were also prescribed
gabapentin, baclofen, and acetaminophen and encouraged to use
these medicines before using opioids. A second prescription
renewing for opioids was only provided if necessary.
Study Parameters
Study outcomes included the following: hospital LOS (days),
disposition post hospital stay (e.g., to rehab, home health service
or home), opioid consumption postoperatively in hospital, opioids
in the first postoperative prescription, and opioids in the first
postoperative prescription plus in any subsequent refills.
The amount of opioids ingested or prescribed was calculated by

converting to morphine milligram equivalents (MME) using
standard conversion formulas.17-20 Although there is some debate
as to whether tramadol is an opioid, the FDA defines it as such
and thus it was factored into the calculation of total opioid use.21 A
subanalysis of patients who received only tramadol was
performed.
www.journals.elsevier.com/world-neurosurgery-x 3
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Figure 2. Length of stay for enhanced recovery after surgery and control
patients.

Figure 4. Mean total postoperative opioid consumption by enhanced
recovery after surgery and control cohorts in the inpatient setting.
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Statistical Analysis
Comparisons among various patient characteristics and outcomes
for the 2 patient groups (control vs. ERAS) were performed with
independent 2-sample t-tests.

RESULTS

The control (pre-ERAS) group consisted of 17 analyzable patients
for 3 endpoints (LOS, disposition post-hospital stay, opioids
consumed in hospital post surgery) and 16 analyzable patients for
2 endpoints (opioids received in first postoperative prescription
and opioids received via subsequent refills). The ERAS group
included 16 analyzable patients across all endpoints. The 2 groups
were similar (ERAS mean vs. control mean) in age, body mass
index, history of prior spine surgery, preoperative narcotic use,
and smoking status. Medical comorbidities in the 2 groups were
not significantly different.
Statistically significant results were seen for 2 parameters: LOS

and opioid consumption postoperatively in hospital. LOS was
significantly reduced in the ERAS group versus the control group
(1.6 vs. 2.4 days, P ¼ 0.022) (Figure 2). There was no significant
difference between the 2 groups with respect to disposition. In
both groups, most patients were discharged to home without
the need for in-home medical services (14 patients in ERAS vs.
Figure 3. Disposition of enhanced recovery after surgery and control
patients post discharge.
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16 in control) (Figure 3). Two patients in the ERAS cohort were
discharged with home health services versus zero in the control
group. One patient in the control group was discharged to a
rehabilitation center versus zero in the ERAS group.
Postoperative in-hospital opioid consumption was significantly

reduced in the ERAS cohort versus the control group (51 mg MME
vs. 320 mg MME, P ¼ 0.0002) (Figure 4). The patients in the ERAS
cohort received, on average, fewer MME in their first postoperative
prescription versus the control group (329 mg MME vs. 452 mg
MME, P ¼ 0.2) (Figure 5) and in their first postoperative
prescription plus subsequent refills (387 mg MME vs. 667 mg
MME, P ¼ 0.14) (Figure 6). Four patients in the ERAS group
were managed on tramadol only in their first postoperative
prescription and subsequent refills versus only 1 patient in the
control group. On average, patients in the ERAS cohort who
received tramadol only received fewer miligrams of morphine
equivalents in their first postoperative prescription and
subsequent refills versus patients in the control cohort (150 mg
MME vs. 230 mg MME).
DISCUSSION

After the implementation of a multimodal ERAS protocol at The
Valley Hospital, 16 consecutive patients were enrolled in the ERAS
protocol and were compared with 17 consecutive historical
Figure 5. Amount of opioids prescribed in first postoperative
prescription for the outpatient setting.
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Figure 6. Amount of opioids prescribed in first postoperative
prescription plus subsequent refills for the outpatient setting.

ORIGINAL ARTICLE

ISABELLE C. BAND ET AL. ERAS PROTOCOL IN MIS SURGERY
controls. LOS was significantly shorter in the ERAS cohort than in
the control cohort (1.6 vs. 2.4 days, P ¼ 0.022). Though there was
no significant difference between the 2 groups with respect to
disposition, most patients in both groups were discharged to
home without the need for in-home medical services (14 patients
in ERAS vs. 16 in control).
With respect to pain management, the ketamine drip was found

to be oversedating in a subset of patients and was thus largely
abandoned with preference for dexmedetomidine drip. The dex-
medetomidine drip reduced the need for extra narcotics. Remi-
fentanil was avoided in most patients due to findings that it can
cause postoperative opioid-induced hyperalgesia, especially in
chronic pain management patients. In ERAS patients, regular
fentanyl was used sparingly during the surgery and after the
surgery in the postanesthesia care unit. Postoperatively in the
inpatient setting, the ERAS cohort consumed significantly fewer
opioids versus the control cohort (51 mg MME vs. 320 mg MME,
P ¼ 0.00016). On average, patients in the ERAS cohort were
prescribed fewer opioids post discharge, but outpatient opioid
consumption was not significantly reduced. Outpatient pill
counting was not feasible in this study, which may have accounted
for the lack of statistically significant results for this endpoint.
The demand for lumbar fusion surgery is increasing worldwide;

however, variability in postoperative pain, LOS, patient satisfac-
tion, and functional outcomes is widely observed.13 The
implementation of an ERAS protocol has been proposed as an
approach to improving outcomes, reducing cost, and increasing
patient satisfaction in spine surgery. Over the past several years,
evidence has demonstrated the multiple potential benefits that
ERAS offers to the field of spine surgery. For one, ERAS has
been shown to be more cost effective than traditional care
approaches.3,13,19,20 It has also been found to significantly
reduce LOS3,8-10,13,14,19,21-26 length of intensive care unit stay,3,19

postoperative pain scores,9,20,21 amount of opioids used
postoperatively in the hospital,9,12,21-23,27,28 and postoperative
catheterization.22,26,27 Evidence also suggests that ERAS in spine
surgery may reduce the amount of rescue antiemetic
medications used,29 readmission rate,25,30 and reoperation rate.25

Finally, ERAS has been shown to significantly increase patient
and staff satisfaction,9 allow patients to mobilize/ambulate
sooner or better,9,21-23,25-28,31 and take food sooner.26
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Despite a growing body of evidence on the impact of ERAS
protocols in spine surgery, there are limited data on the impact of
a comprehensive ERAS protocol MIS-TLIF specifically. Such
studies are important because they have the ability to separate the
impacts of a less invasive surgical approach from the impacts of
other aspects of the ERAS protocol. The primary interventions that
distinguished the ERAS group from the control group were the
preoperative administration of oral analgesics, the intraoperative
administration of ketamine or dexmedetomidine, a focus on
earlier mobilization, and a postoperative analgesic protocol that
consciously sought to promote the use of nonopioid medications
while reducing the use of opioids. Ketamine or dexmedetomidine,
as intraoperative adjuvant anesthesia for multimodal analgesia,
was used as a nonnarcotic option for pain control. This resulted in
a statistically significant reduction in LOS and in-hospital opioid
use and nonstatistically significant trends in lower outpatient
opioid intake.

Limitations
This study is limited due to the fact that it is a before-and-after
cohort analysis; no randomization or blinding was performed.
The control group was historical, and data were gathered retro-
spectively from medical records of patients who received surgery
before the implementation of the ERAS protocol. However,
comparisons between the 2 groups remain valid and the results are
likely generalizable, due to the nonstandardized nature of spine
surgery before ERAS implementation.

Future Directions
Future studies may look at opioid use post discharge in more
detail. While we collected data on the amount of pain medication
patients were prescribed at discharge and in subsequent refills,
we were not able to follow up with patients on how much pain
medication they actually chose to take. Collecting such data
would allow us to develop a more accurate understanding of the
impact of the ERAS protocol on pain medication intake post
surgery (e.g., at 1 week post surgery, 1 month post surgery, 3
months post surgery).
Other directions for future research include investigating the

use of NSAIDs and drains and liposomal bupivacaine versus un-
bound bupivacaine.
Over time, we will also be able to study long-term outcomes

associated with ERAS protocols. We also hope to confirm our
current findings with a prospective, randomized clinical trial,
which would allow for better comparison between cohorts and
reduce reporting biases.31

CONCLUSIONS

We have created and implemented a practical, detailed ERAS
protocol targeting patients receiving MIS-TLIF. Data have shown a
significant reduction in LOS and inpatient opioid use post-
operatively and an increase in the number of patients who can
return home, rather than to a rehabilitation facility or home health
center, post discharge. We hope that, as prospective controlled or
randomized trials generate additional evidence supporting the
efficacy of ERAS approaches in spine surgery, this protocol will be
applied in a standardized manner where possible.
www.journals.elsevier.com/world-neurosurgery-x 5
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