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Ropivacaine-Epinephrine-Clonidine-Ketorolac Cocktail as a Local Anesthetic for Lumbar

Decompression Surgery: A Single Institutional Experience
Lokeshwar S. Bhenderu1, Kristopher A. Lyon1, Jose M. Soto1, William Richardson1, Ronak Desai2, Mark Rahm2,
Jason H. Huang1
-OBJECTIVE: The goal of this study is to discuss our
initial experience with a multimodal opioid-sparing cock-
tail containing ropivacaine, epinephrine, clonidine, and
ketorolac (RECK) in the postoperative management of
lumbar decompression surgeries.

-METHODS: Patients were either administered no local
anesthetic at the incision site or were administered a
weight-based amount of RECK into the paraspinal muscu-
lature and subdermal space surrounding the operative site
once the fascia was closed. We performed a retrospective
chart review of all patients 18 years of age or older un-
dergoing lumbar laminectomy and lumbar diskectomy sur-
geries between December 2019 and April 2021. Outcomes
including total opioid use, measured as morphine milligram
equivalent, length of stay, and postoperative visual analog
scores for pain, were collected. Relationships between
variables were analyzed with Student’s t-test, chi-square
tests, and Fisher exact tests.

-RESULTS: A total of 121 patients undergoing 52 lumbar
laminectomy and 69 lumbar diskectomy surgeries were
identified. For lumbar laminectomy, patients who were
administered RECK had decreased opioid use in the post-
operative period (11.47 � 12.32 vs. 78.51 � 106.10 morphine
milligram equivalents, P [ 0.019). For patients undergoing
lumbar diskectomies, RECK administration led to a shorter
length of stay (0.17 � 0.51 vs. 0.79 � 1.45 days, P [ 0.019)
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and a lower 2-hour postoperative pain score (3.69 � 2.56 vs.
5.41 � 2.28, P [ 0.006).

-CONCLUSIONS: The RECK cocktail has potential to be
an effective therapeutic option for the postoperative man-
agement of lumbar decompression surgeries.
INTRODUCTION
pioids are widely used for pain management. Although
pain relief is an essential factor for improving quality of
Olife, the overuse of opioids has led to a national epidemic

in the United States causing detrimental economic and health
ramifications.1 The total economic burden of the opioid epidemic
has been estimated to exceed $1.0 trillion in 2017.2 A large portion
of this cost is due to long- and short-term health consequences of
opioid misuse contributing to reduced quality of life and life lost
to opioid overdose.1,2

Back pain is one of the leading medical problems with studies
showing an estimated prevalence up to 50% for all adults in the
United States.3,4 The management of back pain has relied heavily
on opioids, and the use of opioids continues to rise.3 Patients with
chronic and acute back pain are both typically treated with a
conservative approach, which involves pain management with
opioids, before moving toward surgical treatment.5,6 Therefore
many patients undergoing spine surgery already have an
exposure to opioids by the time they have surgery.6 Exposure to
opioids continues in the postoperative period for pain control
TKA: Total knee arthroplasty
VAS: Visual analog score
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and management of complications.6,7 Studies have shown that
increased preoperative and perioperative opioid use is associated
with increased rates of postoperative opioid use.5-7 Decreasing
overall opioid use is important to decrease the amount of opioid
related complications and development of opioid dependence.
Despite the widespread use of opioids for postoperative pain

and back pain relief, there is varied evidence demonstrating the
effectiveness of opioids for pain control following spine surgery.5,6

Nevertheless, the treatment of pain after spine surgery remains
essential. Pain relief is important to decrease psychologic
distress, but its proper management also promotes early
mobilization and reduces hospital length of stay, which both act
to decrease postoperative complications and increase rate of
recovery.8-10 Various studies have examined multimodal treat-
ment options including enhanced recovery after surgery protocols
and the use of multimodal nonopioid analgesia to decrease overall
opioid use.5,10,11 The use of multimodal opioid-sparing analgesia
has been widely used in orthopedic arthroplasty surgeries. This
method has been demonstrated to be effective in decreasing both
postoperative pain and postoperative opioid consumption.12,13

One of the most successful anesthetic cocktails is made from
the combination of ropivacaine, epinephrine, clonidine, and
ketorolac (RECK).12 To the best of our knowledge, the use
RECK has not been shown in the literature for pain control in
spine surgeries.
We discuss our initial experience with the use of opioid sparing

RECK cocktail in elective lumbar laminectomy and lumbar dis-
kectomy surgeries at our institution.
Figure 1. Flow-diagram of the inclusion and ex
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METHODS

Inclusion/Exclusion Criteria
This study was approved by the institutional medical research
review board at Baylor Scott and White (Institutional Review
Number: 021e239). A retrospective chart review of patients 18
years of age or older undergoing elective lumbar diskectomy or
lumbar laminectomy surgeries between December 2019 and April
2021 was completed. Figure 1 shows specific details of the
inclusion and exclusion criteria for this study. Any patients who
had surgery for trauma, secondary neoplasms, or developed
postoperative complications were excluded to prevent
confounding factors. A total of 121 patients who fit our study
criteria. Fifty-one patients received the RECK cocktail, and 70
patients received no local anesthesia.
Analgesic Protocol
Patients were administered RECK cocktail at the surgical site
based on surgeon preference. RECK was received in a prefilled 50-
mL syringe containing 123 mg ropivacaine, 0.25 mg epinephrine,
0.04 mg clonidine, and 15 mg ketorolac in a sodium chloride
solution. The primary surgeon used a 22-gauge spinal needle for
local infiltration into the paraspinal musculature and subdermal
space surrounding the operative site once the fascia was closed
and before wound closure was completed. One syringe was used
for patients weighing 35e60 kg, and 2 syringes were used for
larger patients. The no-local-patient group was not administered
clusion criteria for all identified patients.
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Table 1. Baseline Patient Characteristics for Lumbar Laminectomy

Variable

Study Group

P ValueRECK (n [ 15) No Local (n [ 37)

Lumbar laminectomy Age, years (mean) 66.47 � 14.19 58.18 � 17.72 0.114*

Number of male patients (%) 8 (53.3%) 27 (73.0%) 0.203y
BMI (mean) 28.67 � 4.35 31.36 � 5.33 0.090*

Number of patients with preoperative opioids (%) 6 (40.0%) 10 (27.0%) 0.652y
Preoperative VAS pain score (mean) 6.86 � 2.54 6.47 � 2.56 0.634*

Number of patients with 1-level surgery (%) 6 (40.0%) 18 (48.6%) 0.881y
Number of patients with 2-level surgery (%) 7 (46.7%) 13 (35.1%)

Number of patients with 3-level surgery (%) 1 (6.67%) 4 (10.8%)

Number of patients with 4-level surgery (%) 1 (6.67%) 2 (5.41%)

RECK, ropivacaine, epinephrine, clonidine, and ketorolac; BMI, body mass index; VAS, visual analog scale.
*Student’s t-test.
yChi-square or Fisher exact test.
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any form of local anesthesia before an incision was made or after
the fascia was closed.
Following surgery, patients were transferred to the post-

anesthesia care unit (PACU). Patients were either discharged from
the PACU or transferred to the general medical-surgical floor. All
patients were given opioid medications postoperatively on an as-
needed basis to control pain as tolerated.

Variables Collected
Patient demographics included age, body mass index, gender, use
of preoperative opioids at the most recent surgical consult visit
preoperatively, and preoperative visual analog score (VAS) for
pain. VAS pain scores are reported on a scale from 0e10, with
0 being no pain and 10 being the worst possible pain. The number
of surgical levels operated on are also reported. Postoperative
outcomes measured included total hospital length of stay (LOS)
and patient-reported VAS pain scores at 2 hours, 4 hours, and 6
hours after surgery. The total amount of opioid medication, from
the time of admission to PACU until discharge, is reported as
morphine milligram equivalents (MMEs).

Statistical Analysis
All statistics were completed using SPSS version 28.0 (IBM Corp.),
and statistical significance was set to 95%. Continuous data are
represented as mean � standard deviation. The Student’s t-test,
chi-square test, and Fisher exact test were used as appropriate to
analyze all variables and compare outcomes.

RESULTS

Patient Characteristics
A total of 121 patients undergoing 52 lumbar laminectomy and 69
lumbar diskectomy surgeries were identified. There were 51 (15
lumbar laminectomy and 36 lumbar diskectomy) patients who
WORLD NEUROSURGERY 176: e515-e520, AUGUST 2023
received the RECK cocktail and 70 (37 lumbar diskectomy and 33
lumbar laminectomy) patients who did not receive any local
anesthesia. There was a significant difference between the age of
the patients in the lumbar laminectomy and lumbar diskectomy
patients (60.58 � 17.07 vs. 37.13 � 12.86 years, P < 0.001), and a
Fisher exact test found a difference in association between the type
of surgery and the number of surgical levels operated on (P <
0.001). Therefore the lumbar laminectomy and lumbar discectomy
categories were analyzed separately to prevent confounding
factors.
There was no significant difference between the RECK and no

local patients in both the lumbar laminectomy (Table 1) and
lumbar diskectomy (Table 2) groups in terms of age, gender,
percent of patients on preoperative opioids, and preoperative
VAS pain scores. There was also no significant association
between the number of surgical levels and the administration of
reck in either lumbar laminectomy or diskectomy groups. So,
we considered the RECK and no-RECK patients equivalent in
terms of baseline characteristics within the surgical group and did
not control for any of these factors as potential confounders in
further statistical analysis.

Postoperative Characteristics
The postoperative LOS, MME, and 2-hour, 4-hour, and 6-hour VAS
pain scores were analyzed (Table 3).

Lumbar Laminectomy
Patients undergoing lumbar laminectomies who received RECK
were found to have a lower MME postoperatively than those who
did not receive RECK. Patients who were administered RECK
received 11.47 � 12.32 MMEs compared with 78.51 � 106.10 MMEs
in the non-RECK patients (P ¼ 0.019). The LOS of patients who
received RECK (0.73 days � 1.62 days) compared with those who
did not (1.73 � 1.68 days) reached near significance (P ¼ 0.056).
www.journals.elsevier.com/world-neurosurgery e517
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Table 2. Baseline Patient Characteristics for Lumbar Diskectomy

Variable RECK (n [ 36) No Local (n [ 33) P Value

Lumbar diskectomy Age, years 37.11 � 14.34 37.15 � 11.23 0.990*

Number of male patients (%) 25 (69.4%) 22 (66.7%) 0.805y
BMI 29.13 � 4.66 29.69 � 4.53 0.618*

Number of patients with preoperative opioids (%) 12 (33.3%) 9 (27.3%) 0.585y
Preoperative VAS pain score 6.39 � 2.42 6.85 � 2.28 0.420y

Number of patients with 1-level surgery 32 (88.9%) 29 (87.9%) 0.846y
Number of patients with 2-level surgery 4 (11.1%) 3 (9.1%)

Number of patients with 3-level surgery 0 (0%) 1 (3.03%)

Number of patients with 4-level surgery 0 (0%) 0 (0%)

RECK, ropivacaine, epinephrine, clonidine, and ketorolac; BMI, body mass index; VAS, visual analog scale.
*Student’s t-test.
yChi-square or Fisher exact test.
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There was no significant difference between 2-hour and 4-hour
postoperative pain scores.

Lumbar Diskectomy
Lumbar diskectomy patients who received RECK had a shorter
LOS compared with no-RECK patients (0.17� 0.51 vs. 0.79� 1.45,
P ¼ 0.019). Patients who received RECK also had a lower 2-hour
postoperative pain score than no-RECK patients (3.69 � 2.56 vs.
5.41 � 2.28, P ¼ 0.006). There was no significant difference in
MME between the 2 groups.
Statistical analysis was not performed for the 6-hour pain scores

because only 1 patient who received RECK in the lumbar lam-
inectomy group and 1 patient in the lumbar diskectomy group had
a documented 6-hour pain score. Other patients were either
missing 6-hour pain scores in the chart or were discharged before
this time point.

DISCUSSION

Our study suggests that the use of RECK decreased opioid use in
the postoperative period for patients undergoing lumbar lam-
inectomies compared with patients who received no local anes-
thetic. In lumbar diskectomy patients the use of opioids remained
the same, but there was a decrease in the LOS and 2-hour pain
scores with RECK administration.
There are several potential reasons for the differences in out-

comes between the lumbar laminectomy and lumbar diskectomy
patients. The main differences between these 2 groups in our
study is the average age and a difference in association between
the number of surgical levels operated on. The lumbar diskectomy
patients had an average age 23.45 years younger than the lumbar
laminectomy patients. Other factors that can influence the
outcome factors, such as body mass index, preoperative pain
scores, and preoperative opioid use, were statistically similar be-
tween RECK and non-RECK patients. The differences in age be-
tween the 2 cohorts is important because age has been shown to
e518 www.SCIENCEDIRECT.com WORLD NE
influence the amount of opioids used postoperatively, LOS, and
VAS pain scores.14-16 Similarly, the number of surgical levels
operated on has been shown to affect postoperative pain and
chronic opioid use.17 Another potential reason for the differences
in outcomes is that the LOS was longer for lumbar laminectomy
patients than lumbar diskectomy. Since RECK has been shown
to provide similar benefits as liposomal bupivacaine, which is
designed for longer-term benefits, we saw the benefits of RECK
in terms of decreased opioid use for the patients with a longer
LOS.18,19 The longer-term benefits of RECK can be better studied
in patients who undergo spine fusion or deformity surgeries since
they have longer LOS in the hospital.
Despite the differences in the lumbar laminectomy and dis-

kectomy patients, our results show that RECK has the potential to
be beneficial after lumbar decompression surgeries. In lumbar
laminectomy patients, the reduced opioid use in the postoperative
period can decrease opioid-related complications and opioid
dependence.17 In lumbar diskectomy patients, RECK was
beneficial in decreasing 2-hour postoperative pain and LOS,
which will allow for earlier mobility and quicker recovery. Even
though there were no differences in the other outcomes, our data
suggest that the administration of RECK cocktail can provide
benefits to patients in the postoperative compared with no local
anesthesia.
The RECK cocktail is unique because it includes commonly

used agents (ropivacaine, epinephrine, and ketorolac), but it also
includes the use of the alpha-2 adrenergic agonist clonidine.20

Studies have shown that clonidine can prolong nerve blockade
and lead to enhanced pain control due to both its
vasoconstricting properties and its direct effect on peripheral
nerves.20-22 All previous studies demonstrating the efficacy of
the RECK cocktail have involved arthroplasty surgeries.13,23-26

Kelley et al23 performed a randomized double-blinded study
investigating the efficacy of the RECK cocktail, as well as other
combinations of RECK components, as a periarticular injection in
total knee arthroplasties (TKAs). They found that compared with
UROSURGERY, https://doi.org/10.1016/j.wneu.2023.05.091
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Table 3. Postoperative Characteristics

Variable

Study Group

P ValueRECK
Number of

Patients Analyzed No Local
Number of

Patients Analyzed

Lumbar laminectomy LOS, days (mean) 0.73 � 1.62 15 1.73 � 1.68 37 0.056*

MME, mg (mean) 11.47 � 12.32 15 78.51 � 106.10 37 0.019*

2-hour VAS score (mean) 3.79 � 2.26 14 5.29 � 2.45 28 0.062*

4-hour VAS score (mean) 4.00 � 2.18 9 4.13 � 3.36 23 0.915*

6-hour VAS score (mean) 4.00 � 0 1 4.53 � 2.34 19 —y
Lumbar diskectomy LOS, days (mean) 0.17 � 0.51 36 0.79 � 1.45 33 0.019*

MME, mg (mean) 21.98 � 53.40 36 46.40 � 92.18 33 0.178*

2-hour VAS score (mean) 3.69 � 2.56 36 5.41 � 2.28 29 0.006*

4-hour VAS score (mean) 5.38 � 2.26 8 6.43 � 2.79 14 0.375*

6-hour VAS score (mean) 7.00 � 0 1 7.00 � 1.73 9 —y
Bold indicates P < 0.05.
LOS, length of stay; MME, morphine milligram equivalent; VAS, visual analog scale.
*Student t-test.
yStudent’s t-test was not performed for the 6-hour pain scores since the RECK category only had 1 reported score in the chart for both lumbar laminectomy and diskectomy patients.

ORIGINAL ARTICLE

LOKESHWAR S. BHENDERU ET AL. RECK COCKTAIL FOR LUMBAR SPINE SURGERY
the control (ropivacaine and epinephrine alone), RECK had
greater early postoperative pain control.23,24 Another randomized
prospective study compared RECK against traditional adductor
canal block after TKA. This study also found that RECK
provides superior early postoperative pain control.25

Bupivacaine is a local anesthetic commonly used for short-term
pain relief postoperatively. Recently, bupivacaine has been devel-
oped into a liposomal form, allowing for the medication to release
slowly and provide pain control over a longer time period. This
has several benefits including decreased postoperative opioid use
and postoperative pain.24,26 However, the cost of liposomal
bupivacaine is significantly higher than RECK and other pain
management options.26 Prospective studies have shown that
compared with liposomal bupivacaine, RECK provides similar or
superior benefits in terms of postoperative pain control,
functional recovery, and decreased opioid use after TKA.26,27

Therefore RECK is potentially more effective than liposomal
bupivacaine and at a much lower price point.

Limitations
This study has several limitations. It is a retrospective study, and
the administration of RECK was not randomized. There was no
difference in demographics and other factors included in this
study between RECK and no-RECK patients. Our study also
included a relatively small patient population of 120 patients. This,
combined with the fact that our hospital is in a relatively rural
area, makes our initial study less generalizable to the entire
population. This study also did not consider other factors that can
potentially affect the outcome variables we analyzed including
previous surgeries and other health comorbidities. Our study also
WORLD NEUROSURGERY 176: e515-e520, AUGUST 2023
did not track patient pain scores and opioid use after they were
discharged from the hospital. Despite these limitations, this study
provides evidence for RECK in spine surgeries so that future
randomized, double-blinded studies can be completed.
CONCLUSION

Our data suggest that the RECK cocktail has potential to be an
effective opioid-sparing therapeutic option in postoperative man-
agement of lumbar decompression surgeries. However, further
investigation is required before establishing the role of RECK for
the postoperative management in spine surgery and compare with
other forms of postoperative pain control. Future studies will
continue looking at the effects of RECK in other types of spine
surgeries, investigate the efficacy of RECK compared with other
forms of local anesthetics, and lay the groundwork for future
prospective clinical trials.
CRediT AUTHORSHIP CONTRIBUTION STATEMENT

Lokeshwar S. Bhenderu: Conceptualization, Data curation,
Formal analysis, Methodology, Writing e original draft, Writing e
review & editing. Kristopher A. Lyon: Conceptualization, Data
curation, Formal analysis, Methodology, Writing e original draft,
Writing e review & editing. Jose M. Soto: Formal analysis,
Methodology, Writing e original draft. William Richardson:
Writing e original draft. Ronak Desai: Conceptualization, Writing
e review & editing. Mark Rahm: Conceptualization, Writing e
review & editing. Jason Huang: Conceptualization, Writing e
review & editing.
www.journals.elsevier.com/world-neurosurgery e519

www.journals.elsevier.com/world-neurosurgery


ORIGINAL ARTICLE

LOKESHWAR S. BHENDERU ET AL. RECK COCKTAIL FOR LUMBAR SPINE SURGERY
REFERENCES

1. Vashishtha D, Mittal ML, Werb D. The North
American opioid epidemic: current challenges and
a call for treatment as prevention. Harm Reduct J.
2017;14:7.

2. Florence C, Luo F, Rice K. The economic burden
of opioid use disorder and fatal opioid overdose in
the United States, 2017. Drug Alcohol Depend. 2021;
218:108350.

3. Deyo RA, Von Korff M, Duhrkoop D. Opioids for
low back pain. BMJ. 2015;350:g6380.

4. Hudson TJ, Edlund MJ, Steffick DE, Tripathi SP,
Sullivan MD. Epidemiology of regular prescribed
opioid use: results from a national, population-
based survey. J Pain Symptom Manage. 2008;36:
280-288.

5. Corley JA, Charalambous LT, Mehta VA, et al.
Perioperative pain management for elective spine
surgery: opioid use and multimodal strategies.
World Neurosurg. 2022;162:118-125.e1.

6. Yerneni K, Nichols N, Abecassis ZA, Karras CL,
Tan LA. Preoperative opioid use and clinical out-
comes in spine surgery: a systematic review.
Neurosurgery. 2020;86:E490-E507.

7. Mendoza-Elias N, Dunbar M, Ghogawala Z,
Whitmore RG. Opioid use, risk factors, and
outcome in lumbar fusion surgery. World Neuro-
surg. 2020;135:e580-e587.

8. Bajwa SJ, Haldar R. Pain management following
spinal surgeries: an appraisal of the available
options. J Craniovertebr Junction Spine. 2015;6:
105-110.

9. Warner NS, Habermann EB, Hooten WM, et al.
Association between spine surgery and availability
of opioid medication. JAMA Netw Open. 2020;3:
e208974.

10. Dietz N, Sharma M, Adams S, et al. Enhanced
recovery after surgery (ERAS) for spine surgery: a
systematic review. World Neurosurg. 2019;130:
415-426.

11. Duttchen KM, Lo A, Walker A, et al. Intraoperative
ketorolac dose of 15mg versus the standard 30mg
on early postoperative pain after spine surgery: a
e520 www.SCIENCEDIRECT.com
randomized, blinded, non-inferiority trial. J Clin
Anesth. 2017;41:11-15.

12. Dalury DF, Lieberman JR, MacDonald SJ. Current
and innovative pain management techniques in
total knee arthroplasty. J Bone Joint Surg Am. 2011;
93:1938-1943.

13. Gormley J, Gouveia K, Sakha S, et al. Reduction of
opioid use after orthopedic surgery: a scoping
review. Can J Surg. 2022;65:E695-E715.

14. Tighe PJ, Le-Wendling LT, Patel A, Zou B,
Fillingim RB. Clinically derived early postoperative
pain trajectories differ by age, sex, and type of
surgery. Pain. 2015;156:609-617.

15. Woodhouse A, Mather LE. The influence of age
upon opioid analgesic use in the patient-
controlled analgesia (PCA) environment. Anaes-
thesia. 1997;52:949-955.

16. Tan JY, Kaliya-Perumal AK, Oh JY. Is spinal sur-
gery safe for elderly patients aged 80 and above?
Predictors of mortality and morbidity in an asian
population. Neurospine. 2019;16:764-769.

17. Prabhakar NK, Chadwick AL, Nwaneshiudu C,
et al. Management of postoperative pain in pa-
tients following spine surgery: a Narrative review.
Int J Gen Med. 2022;15:4535-4549.

18. Baxter R, Bramlett K, Onel E, Daniels S. Impact of
local administration of liposome bupivacaine for
postsurgical analgesia on wound healing: a review
of data from ten prospective, controlled clinical
studies. Clin Ther. 2013;35:312-320.e5.

19. Schwarzkopf R, Drexler M, Ma MW, et al. Is there
a benefit for liposomal bupivacaine compared to a
traditional periarticular injection in total knee
arthroplasty patients with a history of chronic
opioid use? J Arthroplasty. 2016;31:1702-1705.

20. Kirksey MA, Haskins SC, Cheng J, Liu SS. Local
anesthetic peripheral nerve block adjuvants for
Prolongation of analgesia: a systematic qualitative
review. PLoS One. 2015;10:e0137312.

21. Pöpping DM, Elia N, Marret E, Wenk M,
Tramèr MR. Clonidine as an adjuvant to local
anesthetics for peripheral nerve and plexus blocks:
a meta-analysis of randomized trials. Anesthesi-
ology. 2009;111:406-415.
WORLD NEUROSURGERY, http
22. McCartney CJ, Duggan E, Apatu E. Should we add
clonidine to local anesthetic for peripheral nerve
blockade? A qualitative systematic review of the
literature. Reg Anesth Pain Med. 2007;32:330-338.

23. Kelley TC, Adams MJ, Mulliken BD, Dalury DF.
Efficacy of multimodal perioperative analgesia
protocol with periarticular medication injection in
total knee arthroplasty: a randomized, double-
blinded study. J Arthroplasty. 2013;28:1274-1277.

24. Lee YS. Comprehensive analysis of pain manage-
ment after total knee arthroplasty. Knee Surg Relat
Res. 2017;29:80-86.

25. Kulkarni MM, Dadheech AN, Wakankar HM,
Ganjewar NV, Hedgire SS, Pandit HG. Random-
ized prospective Comparative study of adductor
canal block vs periarticular infiltration on early
functional outcome after unilateral total knee
arthroplasty. J Arthroplasty. 2019;34:2360-2364.

26. Collis PN, Hunter AM, Vaughn MD, Carreon LY,
Huang J, Malkani AL. Periarticular injection after
total knee arthroplasty using liposomal bupiva-
caine vs a modified ranawat suspension: a pro-
spective, randomized study. J Arthroplasty. 2016;31:
633-636.

27. Danoff JR, Goel R, Henderson RA, Fraser J,
Sharkey PF. Periarticular ropivacaine cocktail is
equivalent to liposomal bupivacaine cocktail in
Bilateral total knee arthroplasty. J Arthroplasty.
2018;33:2455-2459.
Conflict of interest statement: The authors declare that the
article content was composed in the absence of any
commercial or financial relationships that could be construed
as a potential conflict of interest.

Received 15 March 2023; accepted 23 May 2023

Citation: World Neurosurg. (2023) 176:e515-e520.
https://doi.org/10.1016/j.wneu.2023.05.091

Journal homepage: www.journals.elsevier.com/world-
neurosurgery

Available online: www.sciencedirect.com

1878-8750/$ - see front matter ª 2023 Elsevier Inc. All
rights reserved.
s://doi.org/10.1016/j.wneu.2023.05.091

http://refhub.elsevier.com/S1878-8750(23)00726-X/sref1
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref1
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref1
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref1
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref2
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref2
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref2
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref2
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref3
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref3
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref4
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref4
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref4
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref4
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref4
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref5
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref5
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref5
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref5
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref6
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref6
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref6
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref6
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref7
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref7
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref7
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref7
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref8
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref8
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref8
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref8
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref9
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref9
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref9
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref9
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref10
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref10
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref10
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref10
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref11
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref11
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref11
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref11
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref11
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref12
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref12
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref12
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref12
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref13
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref13
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref13
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref14
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref14
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref14
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref14
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref15
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref15
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref15
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref15
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref16
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref16
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref16
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref16
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref17
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref17
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref17
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref17
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref18
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref18
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref18
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref18
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref18
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref19
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref19
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref19
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref19
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref19
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref20
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref20
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref20
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref20
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref21
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref21
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref21
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref21
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref21
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref22
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref22
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref22
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref22
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref23
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref23
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref23
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref23
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref23
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref24
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref24
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref24
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref25
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref25
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref25
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref25
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref25
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref25
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref26
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref26
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref26
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref26
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref26
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref26
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref27
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref27
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref27
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref27
http://refhub.elsevier.com/S1878-8750(23)00726-X/sref27
https://doi.org/10.1016/j.wneu.2023.05.091
www.journals.elsevier.com/world-neurosurgery
www.journals.elsevier.com/world-neurosurgery
www.sciencedirect.com/science/journal/18788750
www.sciencedirect.com/science/journal/18788750
https://doi.org/10.1016/j.wneu.2023.05.091

	Ropivacaine-Epinephrine-Clonidine-Ketorolac Cocktail as a Local Anesthetic for Lumbar Decompression Surgery: A Single Insti ...
	Introduction
	Methods
	Inclusion/Exclusion Criteria
	Analgesic Protocol
	Variables Collected
	Statistical Analysis

	Results
	Patient Characteristics
	Postoperative Characteristics
	Lumbar Laminectomy
	Lumbar Diskectomy

	Discussion
	Limitations

	Conclusion
	flink6
	References


