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Abstract
Background: Despite introducing novel analgesics, pain management for spine surgery remains a challenge. Multimodal pain
control has recently gained popularity in surgical spine care. We proposed a novel management approach using multimodal cocktail
analgesics. Injection to skin surrounding surgical incision site will be given perioperatively. This study evaluates the safety and efficacy
of cocktail analgesic injection on pain management following lumbar spinal fusion surgery.

Methods: Thirty-six patients with degenerative lumbar spinal diseases on the waiting list for lumbar spinal fusion surgery will be
recruited. Patients will be randomly assigned to receive either cocktail analgesic injection or sterile saline before surgical wound
closure. All patients will routinely receive postoperative intravenous patient-controlled analgesia (IV-PCA) with sufentanil on an as-
needed basis without a basal dose. The primary outcome is perceived pain intensity as measured by visual analog pain score.
Secondary outcomes include sufentanil consumption, time to first use of IV-PCA, rescue analgesics consumption, and the presence
of adverse effects. Findings of this interventional trial will provide novel evidence supporting the superior effect of cocktail analgesic
injection during surgery.

Trial registration number: ChiCTR-IPR-17013094.

Abbreviations: IV-PCA = intravenous patient-controlled analgesia, PUMCH = Peking Union Medical College Hospital, SAEs =
serious adverse events, VAS = visual analog scale.

Keywords: cocktail analgesia, lumbar spinal fusion, multimodal pain control, postoperative pain management
1. Introduction

Patients undergone major spine surgery frequently experience
severe pain after operation, lasting for more than 3 days.[1] The
underlying causes include direct surgical trauma[2] and activation
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of multiple cellular targets pertinent to nociceptive, and
inflammatory pathways.[3] Peripheral and central sensitization
further aggravates postoperative pain. Postoperative pain
reduces patients’ satisfaction and substantially affects recovery,
increases postoperative morbidities, and prolongs the length of
hospital stay.[4]

Adequate postoperative pain management is essential to
improve functional outcome, accelerate early ambulation,
shorten the duration of hospital stay, and prevent subsequent
development of chronic postsurgical pain. Different postopera-
tive analgesics are available in various forms of administrative
routes. Mechanisms contributing to postoperative pain in spine
surgery are multifactorial. In this connection, single analgesic
may be inadequate to achieve desirable outcomes. Compared
with conventional analgesia, multimodal analgesia has recently
gained popularity. This therapeutic approach combines different
analgesics with multiple routes of administration to better
optimize pain relief and minimize undesirable side effects and
complications.[5] While epidural and intravenous routes of drug
administration may achieve analgesia,[6–8] these costly proce-
dures demand specialized skills andmay confer nausea, vomiting,
pruritus and urinary retention, respiratory depression, and
neuraxial hematoma.[9–11] In contrary, administration of local
wound injection surrounding incision does not require highly
trained personnel. This localized injection also facilitates drug
delivery to the area of surgical wound and minimize systemic
exposure.[12–14] We propose a novel multimodal analgesic
regimen containing several medications, designated cocktail
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analgesics, which are injected surrounding the surgical incision
perioperatively. This study aims to evaluate the efficacy of
cocktail analgesics for postoperative pain management amongst
patients having 2-levels underwent lumbar spinal fusion surgery.
We will determine if cocktail analgesic injection would provide
satisfactory postoperative analgesia.
2. Methods

2.1. Study design

This is a single-center, prospective, double-blinded, randomized
controlled trial. The protocol will be performed in accordance
with the Declaration of Helsinki and was approved by the Ethics
Committee of Peking Union Medical College Hospital. Written
informed consent will be obtained from each patient before
enrollment. This trial is registered with the Chinese Clinical Trial
Registry (ChiCTR-IPR-17013094). An overview of the trial
design is shown in Figure 1.

2.2. Study center

Our center is a tertiary referral hospital for spine surgery with the
necessary types and volume of clinical cases required for this
study. The research team comprises a chief spine surgeon and a
team of experienced surgeons, nurses and allied health staff.
2.3. Participants

Patients on the lumbar spinal fusions waiting list at Peking Union
MedicalCollegeHospital (PUMCH)will be invited to participate in
this study. After initial screening, potentially eligible patients will be
Figure 1. Trial flow diagram of the study.
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given a plainChinese statement detailing thenatureof the study and
the commitment required.A trained researcherwill obtain informed
consent from eligible candidates who are willing to participate.
Identified participants will be approached for inclusion in the study
according to predefined inclusion and exclusion criteria.

2.4. Inclusion criteria
(1)
 Age between 18 and 70 years.

(2)
 On the surgical waiting list for primary 2-level lumbar spinal

fusion surgery diagnosed with lumbar spinal stenosis or
lumbar disc herniation.
(3)
 American Society of Anesthesiologists physical status I∼II.

(4)
 Understand and comply with the study protocol.

2.5. Exclusion criteria
(1)
 History of hypersensitivity to parecoxib, ropivacaine, dipro-
span, fentanyl, or sulfonamide.
(2)
 Perioperative period of coronary artery bypass surgery.

(3)
 Pregnant, lactating, or probably pregnant.

(4)
 Revision surgery or surgery for neoplastic disease.

(5)
 Inability to provide informed consent due to mental

incompetence

2.6. Randomization

Random assignment will be performed before surgery using a
computer-generated, block random-allocation sequence with a
1:1 ratio. Allocation concealment will be achieved using opaque
sequentially numbered sealed envelopes. The research staff will
record the patients’ details.

2.7. Blinding

The cocktail analgesic or equivalent volume of saline is prepared
by pharmacy independent to the trial in an aseptic fashion. Both
the attending surgeon and the patients will be blinded to the
group allocation. Data will be collected by research staff blinded
to group allocation. Upon completion of the study, a biostatisti-
cian blinded to group allocation will analyze outcome data.

2.8. Interventions

All patients will be randomized using a computer-generated list to
1 of 2 groups, 1 of which will receive subcutaneous injection of
cocktail analgesic at final wound closure during surgery (cocktail
group). Control group patients will receive equivalent volume of
saline. The same surgeon will perform all operations. All patients
will undergo 2-level posterior lumbar spinal fusions with pedicle
screws and rod fixation.

2.9. Cocktail anesthetic preparation

Cocktail solution will contain ropivacaine 1%, 200mg (20ml),
parecoxib 40mg, betamethasone 7mg (1ml), mixed with normal
saline into a total volume of 50 ml.
2.10. Cocktail analgesic injection group (cocktail group)

In the cocktail group, cocktail analgesics will be injected
surrounding the deep fascia and the muscular layer in the



Table 1

Data collection schedule.

Pre-op Post-op h Post-op d Discontinuance

6 12 24 36 48 72 30

Demographics •
VAS pain score • • • • • • •
Fentanyl consumption • • • • • •
PONV • • • • • •
Rescue consumption • •
Time to first use of IV-PCA • • • • •
Adverse events • • • • • • • •

IV-PCA= intravenous patient-controlled analgesia, PONV=postoperative nausea and vomiting, Post-op=postoperative, Pre-op=preoperatively, VAS= visual analog scale.
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surgical wound before final wound closure. A total of 35ml trial
solution will be used. Postoperative analgesia will be provided by
intravenous patient-controlled analgesia (IV-PCA) delivering
sufentanil 2mg in each bolus, with a 15-minute lockout interval.
No basal infusion will be used. PCA pump will be removed in 48
hours after surgery.
2.11. Sterile saline injection group (control group)

In the control group, an equal volume of saline (35ml) will be
injected to the deep fascia and the muscular layer in the surgical
wound in the same fashion as the cocktail group. IV-PCA will be
provided in the same mode.
2.12. Perioperative management

Surgery will be performed under general anesthesia with
standardized fashion. A standardized intraoperative strategy
for fluid management will be applied which consists of 0.9%
saline at 5ml/kg/h and hydroxyethyl starch colloid at 7.5ml/kg/h.
At the end of the surgery, the PCA pump will be started on
without a basal dosage, which will be removed 48hours later.
After surgery, patients will be taken to the recovery room and
monitored according to standard hospital policy. Patients will be
educated with the use of the PCA device and discharged to the
ward, once recovery room discharge criteria have been met.
Patients will receive supplemental oxygen via nasal cannula at 2 l/
min for 24hours. The time to first mobilization will be recorded
and the patient will continue to bemonitored until discharge. Any
serious adverse events (SAEs) will prompt follow up. Patients will
be followed up routinely at 4 weeks after discharge by the spine
specialist. Symptoms of nerve damage will be actively sought at
this consultation.
2.13. Rescue analgesia

Patients who require an additional analgesic after PCA removal
will be provided with tramadol 50mg intramuscularly route each
time. Usually, the need for supplementary treatment with
systemic opioids is a reliable indicator when concerned about
postoperative pain control. Having considered that the use of
strong or long-term rescue analgesia in both groups may reduce
pain too much and “washed out” any differences between the 2
groups. In this study, we use tramadol hydrochloride injection for
rescue analgesia, which is a mid-intensity opioid analgesic that
will facilitate observing the differences in pain control between
3

groups. The frequency and total dosage during the first 3
postoperative days will be recorded.
2.14. Outcome assessments
2.14.1. Data capture. Schedule for data collection is shown in
Table 1. Specifically, the following data will be collected –

demographic information, daily visual analog scale (VAS) pain
score, sufentanil consumption, time to first use of IV-PCA,
postoperative nausea and vomiting, rescue analgesia consump-
tion, all other side effects and complications.
The VAS has been used extensively for rating pain intensity in

previous studies.[15–17] Postoperative pain at 6, 12, 24, 36, 48,
and 72hours after surgery will be recorded using the VAS pain
scores. The VAS consists of a 10-cm horizontal line with 1-cm
vertical lines at each end on which a score of 0 indicates no pain
and a score of 10 indicates the worst conceivable pain. All data
are verified against original documents by individuals who are
independent of the trial.
2.15. Primary outcome measures

The primary outcome was the average pain score over the
incision site from the time of surgery up to 3 postoperative days
after surgery
2.16. Secondary outcome measures
2.16.1. Sufentanil consumption. Sufentanil consumption of
IV-PCA during the first 48hours postoperatively will be
recorded.

2.16.2. Time to first use of IV-PCA. The time to first use of IV-
PCA and proportion of the patients during the first 48hours
postoperatively will be recorded.

2.16.3. Rescue analgesia consumption. The frequency and
total dosage of the rescue analgesics (tramadol hydrochloride
injection) during the first 72hours postoperatively will be
recorded.

2.16.4. Safety. The presence of side effects during the entire
postoperative period will be recorded, including nausea,
vomiting, and other adverse events and complications.
2.17. Sample size

The sample size calculation was based on the following
parameters:

http://www.md-journal.com


Ren et al. Medicine (2019) 98:19 Medicine
(1)
 alpha value=0.05, 2-sided;

(2)
 power=80%.
Theminimal clinical significance in VAS pain score was defined
as the mean difference between current and preceding scores
when the subject reported “a little worse” or “a little better” pain.
Our pilot study shows that VAS pain scores 72hours after lumbar
spinal fusion surgery were reported to be 2.1±1.6 in patients
receiving cocktail analgesic injection and 5.6±1.7 in patients
without. Based on these findings, we hypothesized that VAS pain
score 72hours after surgery will be 2.5 for the cocktail group and
5.0 for the control group, with a standard deviation set at 2.5 and
a ratio of patients in the cocktail to the control group of 1:1.
Calculations showed that a sample size of 14 patients per group
to detect a difference in VAS pain score between the 2 groups
after treatment. Assuming a 20% dropout rate, 18 patients per
group, or a total of 36 patients, are required.
It is anticipated that recruitment for this study will take

6 months to complete, using 1 surgeon to reduce surgical
variability. Data collection for each patient will occur during the
first 72hours postoperatively and at a routine 4-week follow-up
appointment. No further follow up will be routinely arranged.
Any patients requiring specific follow up will have this arranged
on an individual basis.
2.18. Timeline

This is a 6-month study commencing January 2018 and ending
June 2019. See Table 1 and Figure 1 for time points and
recruitment progress.
2.19. Criteria for discontinuation

Every effort will be made to retain patients in the trial and to
minimize withdrawals. However, the trial will be discontinued on
condition that any SAEs happen. Additionally, patients may
request to be withdrawn from this study at any time without any
reason. Intention to treat and “as treated” analyses will be
performed.
2.20. Adverse event reporting and safety

All adverse events will be recorded and discussed at weekly safety
meetings by at least 2 investigators. If clinically indicated, the
nature of the analgesia administered in the studymay be revealed.
After assessment by the Principle Investigator, any SAEs will be
reported to the Ethics Committee in PUMCH. All SAEs will be
also reported to the China Food and Drug Administration by the
Ethics Committee.

2.21. Data analysis

Data distribution will be tested for normality using the Shapiro–
Wilk test. Skewed data will be corrected by logit-transformation
as appropriate and subsequently examined using parametric test
in order to preserve statistical power. For data set that cannot be
normalized by logit-transformation, nonparametric test will be
applied. Group comparison will be done by Student t test and
Mann–Whitney U test for parametric and nonparametric data,
respectively. Pearson Chi-square will be used for categorical
variables. In strata where the expected counts are less than 5,
Fisher exact test will be used. Univariate logistic regression and
simple linear regression will be performed to determine potential
4

predictors associated with binary outcomes and continuous
outcomes, respectively. For predictors significantly associated
with the outcomes of interest (P< .1), they will be further
examined for co-linearity using Chi-square test, 0-order Pearson
product-moment correlation, or Student t test as appropriate. For
continuous variables with variable inflation factor greater or
equal to 10, only 1 variable will be kept for subsequent analysis.
After removing redundant co-variates, multivariate regression
models will be built. The goodness-of-fit of the final models will
be determined by theHosmer–Lemeshow test (logistic regression)
or R2 (multiple linear regression), respectively. For time-to-event
outcomes, multivariate Cox proportional hazard regression
models will be built. The cumulative probability of an outcome
event over timewill be presented in form of Kaplan–Meier curves.
To determine changes of analgesic consumption and pain score

over time between groups, a generalized estimating equation
population average regression will be used. To correct for ceiling
effect of analgesic consumption on pain score reporting, an
empirical logit transformation will be applied in before
comparison between groups. For missing data less than 10%,
imputation will be performed using median for continuous and
ordinal variables. For nominal variables, the most common
category will be imputed. If there are more than 10% missing
data, multiple imputation will be used. Intention-to-treat and per-
protocol analyses will be performed to account for possible
missing data. P-value less than .05 will be considered as statistical
significance. All statistical analyses will be 2-tailed and performed
using Statistical Package for Social Sciences (SPSS version 24.0,
Chicago, IL).
2.22. Ethics and dissemination

The study has been approved by the Ethics Committee of Peking
Union Medical College Hospital. This trial is registered with the
Chinese Clinical Trial Registry (ChiCTR-IPR-17013094). On
completion of the trial, the findings will be analyzed and
tabulated. Results of the trial will be submitted for publication in
a peer-reviewed journal.
3. Discussion

To maximize postoperative pain relief, enhance patient satisfac-
tion, and facilitate rehabilitation after surgery, pain management
is indispensably important. Multimodal analgesia for pain
management after surgery has been shown effective.[5] However,
no optimal regimen for pain control after spine surgery has been
found. Therefore, we design a novel multimodal analgesic
regimen for wound infiltration. Ropivacaine is a propyl analog of
bupivacaine with longer duration of action and reversibly inhibits
sodium ion influx in nerve fibers. It has lesser proclivity to
penetrate large myelinated motor fibers compared with bupiva-
caine due to its low lipophilic nature. This is responsible for
differential sensory blockade of ropivacaine with less central
nervous system and cardiac toxicity compared with bupiva-
caine.[18] Parecoxib is a selective COX-2 inhibitor shown to be as
effective as traditional NSAIDs as an analgesic for acute
postoperative pain whilst having fewer gastrointestinal side
effects than traditional NSAIDs, such as diclofenac and
ibuprofen.[19–21] Moreover, parecoxib has no effects on serum
thromboxane and platelet functions, suggesting that it may be an
effective postoperative analgesic.[22] Betamethasone produce
strong anti-inflammatory action. This study hypothesized that
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cocktail analgesic injection could provide superior postoperative
analgesia after lumbar spinal fusion surgery. In addition, this
route of administration is safe, convenient, and general-purpose
way in practice. To date; however, no comparative data are
available. Therefore, we believe that this study will provide some
insight into perioperative multimodal analgesia, which helps to
improve perioperative clinical practice.
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