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ABSTRACT

Background: There has been increased interest in exploring methods to reduce postoperative pain without opioid
medications. In 2015, a multimodal analgesia protocol was used involving the perioperative use of celecoxib, gabapentin,
intravenous acetaminophen, lidocaine, and liposomal bupivacaine. Overall, the goal was to reduce the utilization of scheduled
opioids in favor of nonopioid pain management.

Methods: The results of a consecutive series of 1- to 2-level open primary lumbar fusions were compared to a cohort of
patients after the implementation the perioperative multimodal pain management protocol. Primary endpoints included patient-
reported pain scores and secondary endpoints included length of stay.

Results: There were 87 patients in the preprotocol cohort and 184 in the protocol cohort. Comparing protocol and
preprotocol patients, there were no significant differences in patient demographics. There was significantly average lower pain
in the protocol group on postoperative day (POD) 1 (4.50 vs 5.00, P < 0.02) and POD2 (4.42 vs 5.50, P < 0.03). There was
a lower pain score on PODO (4.80 vs 5.00), but it was only clinically significant. There was a correlation between pain and
duration of surgery in the preprotocol patients (PODO R = 0.23, POD1 R = 0.02, POD2 R = 0.38), but not in the protocol patients
(PODO R = -0.05, POD1 R = —0.08, POD2 R = —0.04). There was a shorter length of stay in the protocol cohort (2.0 vs 3.0,
P < 0.01). Finally, there was an approximately 35% reduction in morphine milligram equivalents of opioids in the protocol vs
preprotocol cohorts (36.2 vs 57.0, P < 0.05).

Conclusion: Our novel multimodal pain management protocol significantly reduced postoperative pain, length of stay,
and opioid consumption in this patient cohort. Opioid usage correlated to pain in the protocol patients, while the preprotocol
patients had no correlation between opioid use and pain medication.

Clinical Relevance: In this study, we demonstrated that preoperative and intraoperative analgesia can reduce
postoperative pain medication requirements. Furthermore, we introduced a novel concept of a correlation of pain with opioid

consumption as a marker of effective pain management of breakthrough pain.

Level of Evidence: 4.

Lumbar Spine

Keywords: multimodal analgesia, 1- to 2-level lumbar fusion, reduced opioid consumption after lumbar fusion, pain management,
lidocaine, opioid, narcotic, morphine, spine fusion, gabapentin, acetaminophen, postoperative pain

INTRODUCTION

While 1- to 2-level open lumbar fusion surgeries
have evolved into widely used treatments for spinal
deformity and degenerative conditions, there is a deli-
cate balance to controlling postoperative pain. To date,
pain management techniques have heavily relied on
opioid analgesics for adequate control in spine surgery
patients; however, this is not without significant down-
sides. Opioids have been shown to have a wide range of
adverse effects, including nausea, vomiting, respiratory
depression, urinary retention, and constipation.1 Addi-
tionally, more significant and harmful complications
of these agents may result in dependence, including

tolerance, addiction, and possible abuse.’ Thus, opioid
side effects may contribute to some common and long-
term postoperative complications. The field of ortho-
pedic surgery has become the third-highest prescribing
specialty of opioid analgesia in the country, demonstrat-
ing a need for improved methods of pain control in this
field.”

In general, spine surgery is considered to be signifi-
cantly painful in comparison to other musculoskeletal
surgeries, often requiring higher than average levels of
analgesia.” As a result, postoperative pain limits patient
ambulation and activity after surgery, while those with
less pain tend to mobilize earlier.” Ultimately, the goal
is to avoid complications of prolonged immobilization
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that can present as deep venous thrombosis, pulmonary
embolism, atelectasis, decubitus ulcers, and ileus. As
these consequences have significant effects on patient
outlook and patient satisfaction, improved pain man-
agement strategies are critically important to successful
patient safety and outcomes.

Multimodal pain protocols have become an area
of interest in orthopedic spine surgery as a potential
alternative therapeutic regimen for pain. Multimodal
protocols exploit the therapeutic effect of various med-
ications that are often effective at lower doses than the
dose at which side effects become significant. Thus, for
example, at high doses, nonsteroidal anti-inflammatory
drugs (NSAIDs) can cause renal insufficiency and
gastric ulcers.® However, at low doses, NSAIDs can
exert therapeutic effects. Additionally, having multiple
analgesic medications with different mechanisms of
action results in a synergistic therapeutic effect that is
addictive. A short-term goal of such multimodal pro-
tocols is the reduction of opioid intake, whereas in the
long term, such protocols may improve patient safety by
accomplishing improved pain control with fewer side
effects. Opioid-sparing multimodal protocols empha-
size improved outcomes through a focus on the com-
plexity of the pain pathways and concomitantly aim to
decrease adverse medication side effects.”®

In May 2015, a multidisciplinary team at our insti-
tution under the leadership of the senior author devel-
oped and implemented a multimodal analgesic protocol
as an alternative to the historically utilized opioid pro-
tocol for postoperative pain control. This system was
applied to patients who underwent 1- to 2-level open
lumbar fusion surgeries and revolves around the
administration of nonopioid medications spanning the
perioperative period. As spinal surgery techniques and
treatments continue to improve, implementing this pro-
tocol is believed to create an improved method for pain
control—eliciting not only a better patient experience
but also a better overall health status throughout the
perioperative period.

The purpose of this study was to determine whether
the use of an opioid-sparing multimodal pain protocol
in the perioperative period caused a reduction in postop-
erative pain, shorter length of stay, and reduced opioid
consumption in patients undergoing 1- to 2-level open
lumbar spinal fusion surgeries.

MATERIALS AND METHODS

This was a retrospective cohort study centered on
271 patients (aged 23-86 years) scheduled for open
1- to 2-level primary lumbar fusion surgery between

2010 and 2017. All procedures were performed by 1 of
2 fellowship-trained orthopedic spine surgeons at 1 aca-
demic facility. Data were collected via medical record
review from all physician and nursing documentation
provided over the course of the patient’s stay. Those
excluded from this study were patients who underwent
spinal surgery secondary to trauma or those who had
more than 2 levels of spinal fusion or decompression.
Demographics, medical comorbidities, and preopera-
tive medication histories did not exclude patients from
the review.

Comparing both cohorts of patients, there were no
statistically significant differences in mean age (64
vs 61 years), gender distribution (48% vs 52% male),
BMI (30 vs 31), or duration of surgery (2:32 vs 2:31).
There were no statistically significant differences in
pain between 1- and 2-level surgeries (thus, the 1- and
2-level surgeries were combined).

Prior to May 2015, the pain management protocol
predominantly included scheduled Oxycontin (10 mg
per oral [PO] Q12h). Patients were given acetaminophen
or tramadol for mild pain, oxycodone-acetaminophen
(Percocet) for moderate to severe pain, and 2 mg intra-
venous (IV) hydromorphone for severe breakthrough
pain. However, patients were not given scheduled ste-
roids, ibuprofen, or gabapentin for prophylactic or anal-
gesic purposes. For the purposes of this study, that pain
management regimen was deemed the “preprotocol”
group.

After May 2015, the multimodal pain protocol was
uniformly administered to patients undergoing 1- to
2-level primary lumbar fusion surgeries. Patients were
not informed of the multimodal protocol, nor did they
know of any variations in postoperative management.
In the “protocol” group, cohort patients received mul-
timodal pain therapy, which included preoperative gab-
apentin 900 mg orally once and celecoxib 200 mg orally
once (with the exception of renal risk). Intraoperatively,
these patients received IV lidocaine 2 mg/kg/h, IV acet-
aminophen 1000 mg every 6 hours for 3 doses, and
IV dexamethasone 10 mg once (for the prevention of
postoperative nausea/vomiting). Patients also received
an injection of 30 mL of liposomal bupivacaine mixed
with 30 mL of bupivacaine with epinephrine. Postoper-
atively, patients were given gabapentin 300 mg orally 3
times per day for 5 days and celecoxib 200 mg orally
for 5 days (Table). Patients were given oxycodone
(Roxicodone) for moderate to severe pain and were
given tramadol for mild pain. Patients were also given
acetaminophen for mild pain (however, care was taken
to avoid exceeding 4 g per day of acetaminophen) and
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Table. Perioperative multimodal pain protocol administered to protocol patients.

Preoperative Intraoperative

Postoperative

Gabapentin 900 mg orally for 1 dose

Celecoxib 200 mg orally for 1 dose (no renal risk) IV lidocaine 2 mg/kg/h

IV dexamethasone 10 mg for 1 dose

IV acetaminophen 1000 mg every 6 h for 3 doses

Gabapentin 300 mg 3 times per day for 5 d
Celecoxib 200 mg orally for 5 d
Additional pain medication as needed

Injectable liposomal bupivacaine 30 mL with
bupivacaine in epinephrine 30 mL

Abbreviation: 1V, intravenous.

were given 2 mg IV hydromorphone for severe break-
through pain.

The patients’ measurements of pain were subjec-
tively collected via nursing examination every 6 hours
over the course of their stay. Patients were asked to
rate their pain on a scale of 0—10 (10 being the worst
pain) and to rank their acceptable pain level from O to
10 as well. Both absolute pain scores and the difference
between patient-reported pain and acceptable pain level
(to normalize for patient pain tolerances) were calcu-
lated for each postoperative day. Pain measurements
were obtained over the course of 3 days, the first includ-
ing the day of surgery, or PODO, followed by POD1
and POD2. Additionally, length of stay was noted and
compared to determine whether improvements in pain
decreased overall hospital stay in these patients. Length
of surgery was taken from the nursing operative notes
by comparing “surgery start” and “surgery end” times,
which were recorded on all surgeries. All opioid med-
ications taken by each patient in both preprotocol and
protocol were also obtained and evaluated. Morphine
equivalents were then calculated and compared to those
in both cohorts to assess whether they were decreased
in those receiving protocol therapy.

As this was a quality improvement project to improve
patient care, institutional review board (IRB) approval
was not sought prior to implementation of the protocol.
IRB approval (an exemption) was obtained for the ret-
rospective review of the medical records.

Statistical Analysis

Software utilized for statistical analysis includes R
Studio (version 1.2.5033; RStudio, Inc.) and R (version
3.6.3; Vienna, Austria). The distributions of continuous
variables were evaluated for normality by calculating
the skew and kurtosis and plotting the histogram. Con-
tinuous data were summarized by the mean and SD or
median and interquartile range for data with a normal
or non-normal distribution, respectively. Independent-
samples ¢ tests and Mann-Whitney U tests were used
to test for differences in demographics, surgical details,
length of stay, reported pain, and opioid consump-
tion between the 2 protocol groups, as appropriate.

Spearman’s correlation coefficients were computed to
test for correlations between average reported pain each
day and (1) duration of surgery and (2) total opioid con-
sumption. Statistical significance was set at P = 0.05.

RESULTS

There were 87 patients in the preprotocol cohort
and 184 patients in the protocol cohort. There was
significantly average lower pain in the protocol group
on POD1 (4.50 vs 5.00, P < 0.02) and POD2 (4.42 vs
5.50, P < 0.03) (Figure 1). There was an average lower
pain score on PODO (4.80 vs 5.00, P > 0.05), but it was
only clinically significant. The difference between the
patient-reported pain and their reported acceptable pain
levels was also on average lower in the protocol patients
on PODO (0.98 vs 1.65) and PODI1 (0.74 vs 1.25), but
this was also only clinically significant.

There was a correlation between pain and duration
of surgery in the preprotocol patients (PODO R = 0.23,
PODI1 R = 0.02, and POD2 R = 0.38) but not in the
protocol patients (PODO R = —-0.05, POD1 R = —0.08,
and POD2 R = —-0.04). Thus, the protocol was effective
in controlling pain throughout the perioperative period.
There was a statistically significant shorter length of
stay in the protocol cohort (2.0 vs 3.0 days, P < 0.01).

We found an approximately 35% reduction in mor-
phine milligram equivalents of opioids in the patients in
the first 3 hospital days in the protocol patients vs the
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By |
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postoperative day

Figure 1. Average pain scores in the preprotocol vs protocol cohorts by
postoperative day.
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Figure 2. Correlation of patient-reported pain and morphine equivalent consumption over postoperative day (POD).

preprotocol patients (36.2 vs 57.0 mg, P < 0.05). There
was a correlation between pain and opioid consumption
on PODO, PODI1, and POD?2 in the protocol patients (R
=0.34, R=0.23, and P < 0.05), but not at all in the pre-
protocol patients (R =-0.12, R=0.16, R=-0.07, and P
> (.2), suggesting that the patient’s pain in the protocol
cohort correlated with an appropriate need for opioid
analgesics (Figure 2). Overall, there were no specific
complications attributed to those undergoing protocol
therapy.

DISCUSSION

In the past, spine surgery success has been deter-
mined through objective measures such as fusion rates,
deformity correction, and other clinician-based data;
however, a new focus centers around patient-reported
outcomes such as pain and its implications on hospi-
tal stay and long-term health.” In this study, we have

reported the results of a multimodal pain protocol in
a population of patients undergoing 1- to 2-level open
lumbar spinal fusion surgeries and compared them to
a typical group of patients who underwent opioid pain
therapy alone. In comparison to a preprotocol cohort,
those who underwent protocol therapy had improved
pain scores, reduced hospital stays, and decreased con-
sumption of opioid medications.

Other studies have evaluated the success of multi-
modal pain protocols, and while they have been suc-
cessful, it has been demonstrated over a smaller sample
in a wide variety of spinal interventions. The strength
of our study is that it includes a large number of con-
secutive, relatively homogenous patients who under-
went similar single-level surgeries. By only analyzing
the pain scores through POD2, we attempted to include
the typical postoperative course (the average length
of stay was 2.5 days). We expect that patients who
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remain in the hospital for nonpainful medical reasons
(such as resumption of anticoagulation or atrial fibril-
lation) would confound the analysis of length of stay.
We believe that the analysis of pain scores alone can be
confounded by differences in patient pain tolerance and
in acceptable pain levels. Thus, we included an analysis
of the patient’s acceptable reported pain level (which
did not differ between protocol and preprotocol groups)
and the difference between the actual pain scores and
the acceptable pain levels. We found that the protocol
reduced the patient’s reported pain and the amount of
pain exceeding the acceptable level and that the protocol
reduced the overall opioid consumption. More impor-
tantly, we determined that a correlation existed between
opioid consumption and pain scores in the protocol
patients (as one would expect considering that opioids
are in fact a pain medication). Surprisingly, there was
no correlation between morphine milligram equivalent
pain scores in the preprotocol patients. The lack of a
correlation suggests that preprotocol pain medication
use was either overmedicating or undermedicating
patients on a systematic basis.

Again, while other studies exist reporting multimodal
pain protocols, this protocol uses a unique combination
of agents designed to focus on the main components
of the complex pain pathways. The utilization of these
medications has correlated with improved perioperative
pain control and demonstrated ration use of opioids in
protocol patients.

Components of the protocol, including NSAIDs,
have demonstrated high utility in pain reduction in
the perioperative period. They work via inhibition of
inflammatory pathways activated by prostaglandins, a
byproduct of arachidonic metabolism via cyclooxygen-
ase-1 and 2 (COX-1,2), which increase in both local and
cerebral spinal fluid (CSF)—promoting hyperalgesia.'’
While the use of NSAIDs in spinal surgery has proven
beneficial, it has been previously implicated to cause
pseudoarthrosis and impaired bone formation. Dodwell
et al reviewed NSAIDs for postoperative pain man-
agement through numerous retrospective studies and
determined no increased risk of pseudoarthrosis over
a 12-month period in postoperative spine patients.'"'
Additionally, it has been shown that high doses of
nonselective NSAIDs, such as Ketorlac, in the acute
postoperative period significantly decrease patient
pain without demonstrating adverse effects on spinal
fusion."*'* With prolonged use, however, the inhibition
of COX-1 receptors has been revealed to adversely affect
bone healing.”” To avoid this, selective agents such as
celecoxib, a COX-2 inhibitor, have gained increasing

popularity. These agents not only avoid adverse effects
on bone healing but, when used perioperatively, also
have a beneficial reduction in central and peripherally
generated inflammatory hypersensitivity as well as the
necessity of opioid analgesia.'>'® These agents are not
routinely used in patients with renal insufficiency or
renal failure to reduce the risk of renal toxicity.

Gabapentin, originally developed as an anticonvulsant,
works as an inhibitory analog in the central nervous system.
The mechanism of action is the reduction of the release of
several excitatory neurotransmitters responsible for noci-
ceptive activation in the spine, thereby reducing pain.’
When given preoperatively, gabapentin has also demon-
strated decreased requirements for opioid analgesia after
spinal surgery.'®"” Additionally, gabapentin has been shown
to act synergistically with NSAIDs, such as celecoxib, and
can further decrease hyperalgesia when given concomi-
tantly for spinal fusion patients.'® Gabapentin can cause a
host of adverse events, including fatigue, somnolence, diz-
ziness, and abnormal vision; additionally, although rare,
when toxic systemic levels are reached, symptoms may
progress to ataxia, nystagmus, and choreoathetosis.'® Gab-
apentin is not recommended in patients with a history of
seizures. If patients are taking low-dose gabapentin (100
mg orally 3 times per day, for example) prior to surgery, we
will increase the gabapentin dose up to the level described
above (900 mg orally 3 times per day), but not above that.

Acetaminophen is a popular analgesic utilized for its low
side-effect profile when given within therapeutic dosing.
While the mechanism is not entirely clear, it has been pro-
posed to have antinociceptive effects at the level of both
peripheral and central nervous systems. When compared to
its oral counterpart, IV acetaminophen has been shown to
lower opioid requirements, decrease hospital length of stay,
and reduce the risk of discharge to skilled nursing facili-
ties."” Ultimately, studies have demonstrated that when
given in conjunction with NSAIDs, a statistically signifi-
cant decrease in postoperative morphine equivalents was
appreciated in patients undergoing spinal surgery.”

The use of IV lidocaine exerts its effects as an analge-
sic and anti-inflammatory agent through the inhibition of
central nervous system excitatory pathways. Although
the half-life of lidocaine is very short, ranging from 90 to
120 minutes, the nociceptive effect is long-lasting because
it prevents activation of pain pathways.?' Farag et al demon-
strated that IV lidocaine can decrease patient-reported pain
scores and opioid requirements during the initial 48 hours
after complex spinal surgery. It is believed that lidocaine and
its metabolites not only act locally after soft tissue injury but
can also remain in the CSF for extended periods exerting
prolonged analgesic effects.”’ Overall, each agent in our
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protocol has been selected to not only combat the com-
plexities of the pain pathway but also ultimately decrease
adverse outcomes from the preprotocol opioid analgesic
administration. IV lidocaine is unfamiliar to many ortho-
pedic surgeons. In general, orthopedic injections avoid IV
injection to avoid systemic effects from a fracture hema-
toma block or joint injection. Systemic complications
from IV lidocaine injection include but are not limited to
hypotension, nausea, vomiting, pulmonary, and neurologic
issues.” In general, although there is a concern about lido-
caine potentiating cardiac arrhythmias, lidocaine is actually
a class 1B anti-arrhythmic medication. Obviously, in the
operating room, lidocaine is administered carefully under
continuous cardiac monitoring. While some other studies
utilize I'V ketamine instead of IV lidocaine, our multimodal
group selected IV lidocaine to reduce the risk of delirium
in elderly patients from ketamine, which has a lower risk
of cardiac toxicity and arrhythmia. However, ketamine is
known to cause substantial hallucinations in some patients.”

Total IV anesthesia (TIVA) is another component of our
pain protocol. TIVA relies on the absence of inhaled gases
for anesthesia. In general, TIVA is associated with a lower
risk of postoperative nausea and vomiting compared to
inhaled anesthetics. Additionally, TIVA is more compatible
with spinal neuromonitoring.

Local anesthetics are injected at the time of surgery
as well. We utilize both local anesthetics with epineph-
rine (to increase persistence in the surgical site) and local
anesthetics in a liposomal format (to dissolve over 3 days).
Some studies have demonstrated the benefit of liposomal
injectables in spine surgery.” Other studies have shown
no benefit to liposomal injections in spine surgery. The
maximum safe dose of local anesthetics is based on which
is used and the body weight of the patient in question.
Local anesthetic toxicity is a serious complication due to its
inhibition of voltage-gated sodium channels in the central
nervous system, and its effects are characterized by circu-
moral numbness, dizziness, tinnitus, blurred vision, and
muscle twitching that can progress to tonic-clonic seizures
and respiratory depression.”**

We acknowledge that our study does have some limita-
tions. First, we do not account for patient comorbidities in
the assessment of our pain scores and morphine equivalent
calculations. This study did not attempt to preoperatively
evaluate whether patients required chronic opioid therapy
for pain or other comorbidity but instead aimed to assess
whether immediate perioperative management would elicit
a difference in the hypothesized outcome measures. That
being said, there were patients in the cohorts who demon-
strated an increased need for opioid analgesia; however,
these patients were advised to wean off all opioid analgesics

as well as NSAIDs (to minimize bleeding risks) 2 weeks
prior to surgery. Additionally, this provides an area for
further analysis to identify whether or not our protocol is
effective on opioid-tolerant vs opioid-naive patients.

At the same time, with knowledge of the opioid epi-
demic, a conscious bias toward overall reduction in
opioid administration has been pursued in these cohorts.
Second, this study was not a randomized blinded study,
though preprotocol and protocol patient data collection
variables were well defined. Third, the collection of
data was subjective from nursing evaluation of patients
at inconsistent and varied times, but again, for our data
collection, review of these records was taken at pre-
determined intervals for standardization. Finally, with
an overall shift in decreased hospital admissions as a
whole, patients who underwent operations in 2010,
at the beginning of the study, may have experienced
similar hospital admissions to those who underwent
operations more recently under current guidelines. Fur-
thermore, the retrospective comparison to a historical
control group is less accurate than a concurrent, case-
controlled study. These results also may not be applica-
ble to a less painful surgery, such as a microdiscectomy.
We deliberately selected the study population (1-2 level
lumbar fusion) because it is a common, painful surgery.
We also do not know the effect of pain protocol on read-
mission, reoperation, or long-term outcome

Overall, this study demonstrates the use of a unique
multimodal pain protocol that aims to improve patient
pain throughout the perioperative period. While a con-
sensus on a universal protocol is yet to be determined
for spinal surgery, this protocol provides additional pos-
itive support to an opioid-sparing pain regimen. Further
studies into this protocol are underway to better assess
its utility in multilevel spinal surgery in all regions of
the spine and ultimately in all areas of orthopedics.

CONCLUSION

Our novel multimodal pain management protocol
significantly reduced postoperative pain, length of stay,
and opioid consumption in this homogenous group of
patients. Our preoperative and intraoperative interven-
tions appear to have reduced the effect of a long duration
of surgery on pain in the protocol patients since there
was no correlation between length of surgery and pain
in the protocol patients; thus, opioid usage correlated
to pain in the protocol patients suggesting rational use.

Downloaded from http% //www ijssurgery.com/ by guest on July 27, 2024

6 International Journal of Spine Surgery, Vol


https://www.ijssurgery.com/

Markowitz et al.

REFERENCES

1. Benyamin R, Trescot AM, Datta S, et al. Opioid complica-
tions and side effects. Pain Physician. 2008;11(2):S105-S120.

2. Angst MS, Clark JD. Opioid-induced hyperalgesia: a qual-
itative systematic review. Anesthesiology. 2006;104(3):570-587.
doi:10.1097/00000542-200603000-00025

3. Morris BJ, Mir HR. The opioid epidemic: impact on ortho-
paedic surgery. J Am Acad Orthop Surg. 2015;23(5):267-271.
doi:10.5435/JAAOS-D-14-00163

4. Bajwa SJS, Haldar R. Pain management following spinal sur-
geries: an appraisal of the available options. J Craniovertebr Junc-
tion Spine. 2015;6(3):105-110. doi:10.4103/0974-8237.161589

5. Gan TJ. Poorly controlled postoperative pain: prevalence,
consequences, and prevention. J Pain Res. 2017;10:2287-2298.
doi:10.2147/JPR.S144066

6. Takeuchi K. Pathogenesis of NSAID-induced gastric damage:
importance of cyclooxygenase inhibition and gastric hypermotility.
World J Gastroenterol. 2012;18(18):2147-2160. doi:10.3748/wjg.
v18.118.2147

7. Kehlet H, Dahl JB. The value of multimodal or bal-
anced analgesia in postoperative pain treatment. Anesth Analg.
1993;77(5):1048-1056. doi: 10.1213/00000539-199311000-00030

8. Mathiesen O, Dahl B, Thomsen BA, et al. A comprehen-
sive multimodal pain treatment reduces opioid consumption after
multilevel spine surgery. Eur Spine J. 2013;22(9):2089-2096.
doi:10.1007/s00586-013-2826-1

9. Kim S-I, Ha K-Y, Oh I-S. Preemptive multimodal analgesia
for postoperative pain management after lumbar fusion surgery: a
randomized controlled trial. Eur Spine J. 2016;25(5):1614-1619.
doi:10.1007/s00586-015-4216-3

10. Samad TA, Moore KA, Sapirstein A, et al. Interleukin-
1beta-mediated induction of Cox-2 in the CNS contributes to inflam-
matory pain hypersensitivity. Nature. 2001;410(6827):471-475.
doi:10.1038/35068566

11. Dahners LE, Mullis BH. Effects of nonsteroidal anti-
inflammatory drugs on bone formation and soft-tissue healing. J Am
Acad Orthop Surg. 2004;12(3):139-143. doi:10.5435/00124635-
200405000-00001

12. Dodwell ER, Latorre JG, Parisini E, et al. NSAID expo-
sure and risk of nonunion: a meta-analysis of case-control and
cohort studies. Calcif Tissue Int. 2010;87(3):193-202. doi:10.1007/
$00223-010-9379-7

13. Siribumrungwong K, Cheewakidakarn J, Tangtrakulwanich
B, Nimmaanrat S. Comparing parecoxib and ketorolac as preemp-
tive analgesia in patients undergoing posterior lumbar spinal fusion:
a prospective randomized double-blinded placebo-controlled trial.
BMC Musculoskelet Disord. 2015;16:59. doi:10.1186/s12891-015-
0522-5

14. Pradhan BB, Tatsumi RL, Gallina J, Kuhns CA, Wang JC,
Dawson EG. Ketorolac and spinal fusion: does the perioperative
use of ketorolac really inhibit spinal fusion? Spine (Phila Pa 1976).
2008;33(19):2079-2082. doi: 10.1097/BRS.0b013e31818396f4

15. Long J, Lewis S, Kuklo T, Zhu Y, Riew KD. The effect of
cyclooxygenase-2 inhibitors on spinal fusion. J Bone Joint Surg Am.
2002;84(10):1763-1768. doi:10.2106/00004623-200210000-00004

16. Yu L, Ran B, Li M, Shi Z. Gabapentin and pregabalin in
the management of postoperative pain after lumbar spinal surgery:
a systematic review and meta-analysis. Spine (Phila Pa 1976).
2013;38(22):1947-1952. doi:10.1097/BRS.0b013e3182a69b90

17. Kim JC, Choi YS, Kim KN, Shim JK, Lee JY, Kwak
YL. Effective dose of peri-operative oral pregabalin as an adjunct
to multimodal analgesic regimen in lumbar spinal fusion surgery.
Spine (Phila Pa 1976). 2011;36(6):428-433. doi:10.1097/
BRS.0b013e3181d26708

18. Reuben SS, Buvanendran A, Kroin JS, Raghunathan K. The
analgesic efficacy of celecoxib, pregabalin, and their combination
for spinal fusion surgery. Anesth Analg. 2006;103(5):1271-1277.
doi:10.1213/01.ane.0000237279.08847.2d

19. Klein-Schwartz W, Shepherd JG, Gorman S, Dahl B.
Characterization of gabapentin overdose using a poison center case
series. J Toxicol Clin Toxicol. 2003;41(1):11-15. doi:10.1081/clt-
120018265

20. Hansen RN, Pham AT, Boing EA, Lovelace B, Wan GJ,
Miller TE. Comparative analysis of length of stay, hospitalization
costs, opioid use, and discharge status among spine surgery patients
with postoperative pain management including intravenous versus
oral acetaminophen. Curr Med Res Opin. 2017;33(5):943-948. doi:
10.1080/03007995.2017.1297702

21. Maund E, McDaid C, Rice S, Wright K, Jenkins B, Wool-
acott N. Paracetamol and selective and non-selective non-steroidal
anti-inflammatory drugs for the reduction in morphine-related
side-effects after major surgery: a systematic review. Br J Anaesth.
2011;106(3):292-297. doi:10.1093/bja/aeq406

22. Farag E, Ghobrial M, Sessler DI, et al. Effect of periopera-
tive intravenous lidocaine administration on pain, opioid consump-
tion, and quality of life after complex spine surgery. Anesthesiology.
2013;119(4):932-940. doi:10.1097/ALN.0b013e318297d4a5

23. Powers III AR, Gancsos MG, Finn ES, Morgan PT,
Corlett PR. Ketamine-induced hallucinations. Psychopathology.
2015;48(6):376-385. doi:10.1159/000438675

24. Puffer RC, Tou K, Winkel RE, Bydon M, Currier B, Freed-
man BA. Liposomal bupivacaine Incisional injection in single-
level lumbar spine surgery. Spine J. 2016;16(11):1305-1308.
doi:10.1016/j.spinee.2016.06.013

25. Tong YCI, Kaye AD, Urman RD. Liposomal bupiv-
acaine and clinical outcomes. Best Pract Res Clin Anaesthesiol.
2014;28(1):15-27. doi:10.1016/j.bpa.2014.02.001

Funding: The authors received no financial support
for the research, authorship, and/or publication of this
article.

Declaration of Conflicting Interests: The
authors report no conflicts of interest in this work.

Ethics Approval: Institutional Review Board
approval was obtained for review of patient medical
records

Corresponding Author: Kris Radcliff, Rothman
Institute Orthopedic Surgery, 2500 English Creek Ave,
Egg Harbor NJ, USA; kris.radcliff @rothmanortho.com

This manuscript is generously published free of charge
by ISASS, the International Society for the Advance-
ment of Spine Surgery. Copyright © 2023 ISASS. To
see more or order reprints or permissions, see http://
ijssurgery.com.

Downloaded from https://www.ijssurgery.com/ by guest on July 27, 2024

Interndtional Journdl of Spine Surgery, Vol. 00, No. 0 7


https://www.ijssurgery.com/

	A Novel Multimodal Postoperative Pain Protocol for 1- to 2-­Level Open Lumbar Fusions: A Retrospective Cohort Study
	Abstract
	INTRODUCTION
	﻿MATERIALS AND METHODS﻿
	Statistical Analysis

	﻿RESULTS﻿
	﻿DISCUSSION﻿
	﻿CONCLUSION﻿
	References


