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Background: Serious pain commonly occurs after posterior spinal surgery. This study aims
to evaluate the effect of preemptive and multimodal analgesia using celebrex, pregabalin and
ropivacaine on pain control after this surgery.

Methods: Ninety-three patients undergoing posterior spinal surgery were enrolled in this
prospective, randomized, double-blind, placebo-controlled clinical trial. All patients were treated
with patient- controlled analgesia (PCA, intravenous tramadol hydrochloride and flurbiprofen) as
required. They were randomized to combination analgesia intervention (oral celebrex, pregabalin
and subcutaneous infiltration of ropivacaine), ropivacaine intervention (only subcutaneous
infiltration of ropivacaine), and control intervention (placebo). We compared postoperative
visual analog scale (VAS) scores and PCA dose among the three groups.

Results: The VAS scores were significantly lower in the combination analgesia group than in
the control group at O h,2 h, 12h,24 h,3 d, 5d, 7 d and 14 d after posterior spinal surgery, while
combination analgesia was also superior to ropivacaine in terms of VAS scores at 24 h and 14
d postoperatively. The combination analgesia group was also associated with significantly
reduced PCA consumption compared with the control group, but there was no statistical
difference in PCA consumption between the ropivacaine group and control group.
Conclusion: Combination analgesia using celebrex, pregabalin and ropivacaine is effective
and safe to alleviate pain after posterior spinal surgery.

Clinical Trial Registration: Chinese Clinical Trial Registry No. ChiCTR2000031236.
Keywords: preemptive analgesia, multimodal analgesia, pain control, posterior spinal

surgery, randomized trial

Introduction

With the aggravation of aging and an increase in accidents, the number of patients
with degenerative lumbar diseases (e.g. lumbar disc herniation and spondylolisth-
esis) and spinal fracture has significantly increased, and posterior spinal surgery has
been widely performed to treat these diseases.'” However, severe postoperative
pain commonly occurs in these patients. The pain negatively affects postoperative
satisfaction, hinders postoperative recovery and prolongs the hospitalization time.**
Various approaches have been developed to relieve postoperative pain, improve
rapid recovery and the quality of life. Perioperative analgesia mainly includes local
infiltration, nerve block, intravenous and oral analgesics.5 *® In accordance with the
pathological mechanisms of acute pain, preemptive and multimodal analgesia has

shown important potential in alleviating postoperative pain.’
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Non-steroidal anti-inflammatory drugs (NSAIDs) are
commonly used for pain control through inhibiting cycloox-
ygenase and subsequent synthesis of prostaglandin E2.®
NSAIDs are documented to effectively inhibit the produc-
tion of prostaglandins in the spinal cord and surrounding
tissues, and thus relieve postoperative pain.’ Celebrex,
a NSAID, serves as an important analgesic in osteoarthritis,
hand surgery, hip and knee replacement, etc.'® As an anti-
epileptic drug, pregabalin can reduce central sensitivity by
acting on the a-2-6 subunit of voltage-gated calcium chan-
nels, thereby decreasing neurotransmitters associated with
spinal pain. Pregabalin was reported to reduce the pain and
opioid consumption after spinal surgery.”’12 NSAIDs and
pregabalin can achieve a synergistic effect on
analgesia.'>'* In addition, the local subcutaneous infiltra-
tion of ropivacaine has shown some ability of postoperative
pain control.'>'¢

In this study, based on the hypothesis that preemptive
and multimodal analgesia using celebrex, pregabalin and
ropivacaine can reduce postoperative pain of posterior
spinal surgery, we examined the impact of preemptive
and multimodal analgesia (combination analgesia: oral
celebrex and pregabalin in combination with subcutaneous
infiltration of ropivacaine) on pain intensity and PCA dose
after posterior spinal surgery. The aim of this double-blind,
randomized, placebo-controlled study was to establish
a therapeutic approach in reducing the pain intensity fol-

lowing posterior spinal surgery.

Methods
Study Design and Population

Ninety-three patients undergoing posterior spinal surgery
were enrolled in this prospective, double-blind, rando-
mized placebo-controlled clinical trial. This study was
conducted in accordance with the Declaration of
Helsinki and approved by the Ethics Committee of The
First Affiliated Hospital of Chongqing Medical
University (IRB #20190701). Written informed consent
was obtained from all subjects participating in the trial.
The trial was registered prior to patient enrollment at the
Chinese Clinical Trial Registry (ChiCTR2000031236,
Principal investigator: Bin He, Date of registration:
March 25, 2020).

Patients were enrolled between March 2020 and
July 2020. The inclusion criteria of this study were as
follows: (1) ages 18-90, (2) single segment and double
segments of posterior spinal fusion surgery because of

lumbar disc herniation, spinal stenosis or spondylolisth-
esis, and (3) posterior reduction and fixation of thoraco-
lumbar fracture. The exclusion criteria included allergy to
amide anesthetics or sulfonamide, severe hepatic and renal
dysfunction, bronchospasm, asthma, active gastrointestinal
ulcer or bleeding, severe heart failure or creatinine clear-
ance rate < 60 mL/min.

After submission of written informed consent, patients
were randomized (1:1:1 ratio) to either combination analge-
sia intervention (oral celebrex [G.D. Searle LLC, USA],
pregabalin [Qilu Pharmaceutical (Hainan) Co., Ltd, China]
and subcutaneous infiltration of ropivacaine [Aspen
Pharmacare Australia Pty Ltd, Australia]), ropivacaine inter-
vention (only subcutaneous infiltration of ropivacaine), or
control intervention (placebo) using a web-based computer-
generated block randomization procedure (block size of six).
Randomization was stratified by the kind and number of
operation segments.

Allocation concealment was achieved by enclosing the
assigned protocols in sealed, opaque, sequentially num-
bered envelopes, which were opened only after the arrival
of the patient in the operating theatre. Blinding of research
personnel and patients was maintained throughout the
entire observation period including all postoperative fol-
low-ups. Ye Zhang and Jinqiu Zhao generated the random
allocation sequence. Qinsong Ren and Zhengxue Quan
enrolled participants. Wei Zhang and Shuai Xu assigned
participants to interventions. Bin He and Muzi Zhang
uniformly prepared the study drugs. Ye Zhang, Jinqiu
Zhao collected the data.
Anesthesiologists’ team was random for the surgeries.

and  Yunsheng Ou

Study Intervention

The typical analgesia methods for all patients mainly included
1.5-2 mg/kg of propofol followed by 4-12 mg/kg/h, 1 mg/kg
of rocuronium and remifentanil 0.1-0.2 pg/kg/min. Patients in
the combination analgesia group obtained oral 400 mg cele-
brex and 150 mg pregabalin 2 h before surgery, then celebrex
200 mg and 75 mg pregabalin twice daily after surgery for 7
days plus subcutaneous infiltration of 0.75% ropivacaine (total
150 mg, 20 mL) at the end of surgery. Oral placebo capsule
and subcutaneous infiltration of 0.75% ropivacaine at the end
of surgery were administered in the ropivacaine group.
Patients in the control group received oral placebo capsule
and subcutaneous infiltration of 0.9% normal saline solution
using the identical application scheme. 0.75% ropivacaine was
prepared for the subcutaneous infiltration.
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Outcome Measures and Safety
We recorded the baseline characteristics of each patient,
including age, sex, height, weight, intraoperative bleeding
volume, operative time and preoperative pain.

Primary outcome was visual analog scale (VAS) scores
at 12 h after surgery. Secondary outcomes included: (i)
VAS scores at 0 h, 2 h, 24 h,3d, 5d,7 dand 14 d after
surgery; (ii) the required dose of patient-controlled analge-
sia (PCA, continuous infusion of tramadol hydrochloride
800 mg [Grunenthal GmbH, Germany] and flurbiprofen
100 mg [TIDE Pharmaceutical Co., China] in 84 mL sal-
ine solution); (iii) walking time, indicating the day on
which patients could get up and walk; (iv) hospital stay
after surgery; (v) adverse events such as nausea, vomiting,
fever and infection. All patients were closely monitored
for the occurrence of adverse events. Pain intensity levels
were evaluated by VAS scores with a range of 0-10, and
10 indicated the most serious pain.

Statistical Analysis

Sample Size Calculation

The sample size estimation was based on data from our
clinical routine. In 30 arbitrarily chosen patients under-
going posterior spinal surgery before the start of the
study, VAS scores at 12 h postoperatively were docu-
The data  (VAS
12 h postoperatively) from 30 patients were as follows:

mented. pilot score  at
combination analgesia group, 2.7 (standard deviation
[SD], 0.65); ropivacaine group, 3.3 (SD, 0.65); and

control group, 4.2 (SD, 1.03).

Assuming this difference and aiming for a power of
75% and a risk of 0.05 for a type-1 error, 25 patients were
required for each group. We selected 30 patients per group
to allow for a 20% dropout rate.

Data Analysis

The statistical analysis was primarily conducted on an
intention-to-treat basis using IBM SPSS Statistics v.25
(IBM Corp., USA). Variables were tested for normal dis-
tribution by the Kolmogorov—Smirnov test. Data were
presented as mean (SD), medians (lower and upper quar-
tiles) or frequencies, as appropriate. Data that followed
a normal distribution (height) were compared using one-
way analysis of variance (ANOVA). Kruskal-Wallis test
was used for data that were not normally distributed (age,
weight, bleeding volume, operative time, preoperative
pain, VAS scores at 0 h, 2 h, 12 h, 24 h, 3 d, 5d, 7
d and 14 d after the surgery, PCA dose, walking time,
hospital stay after surgery). Categorical data were ana-
lyzed using the y* test or Fisher exact test if any cells
expected counts less than 5. P-value of <0.05 was consid-
ered to indicate statistical significance.

Results

The study flow chart is shown in Figure 1. A total of 102
patients planned for elective posterior spinal surgery were
screened; 93 patients were randomized to combination analge-
sia group (n=31), ropivacaine group (n = 30) or control group
(n = 32). All patients received their allocated treatment and
were included in the intention-to-treat population.

Enrollment

Assessed for eligibility (n=102) ‘

Excluded (n=9):
»| gastrointestinal bleeding (n=6)
v heart failure (n=3)

‘ Randomized (n=93) ‘

!

}

Combination analgesia
group (n=31)

Allocation

Ropivacaine group

Control group

(n=30) (n=32)

l

l l

Lost of follow-up (n=0)

Follow-up Discontinued intervention

(n=0)

Lost of follow-up (n=0)
Discontinued intervention

Lost of follow-up (n=0)
Discontinued intervention
(n=0)

(n=0)
I

I I

Analysed (n=31)

Sualile Excluded from analysis (n=0)

'Rl

Analysed (n=30)
Excluded from analysis (n=0)

Analysed (n=32)
Excluded from analysis (n=0)

Figure | CONSORT flow chart.
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Preoperative Assessment and

Intraoperative Data

Patients in all groups did not differ significantly with
respect to patient characteristics including age, sex, height,
weight, intraoperative bleeding volume, operative time and
preoperative pain (P>0.05, Table 1).

Primary Outcome
Compared with the control group, there were significantly
lower VAS scores at 12 h after posterior spinal surgery in the

combination analgesia group (P<0.001) and ropivacaine group
(P<0.001). The combination analgesia intervention showed
a decrease in VAS scores compared with the ropivacaine

group, but with no significant difference (P = 0.058, Table 2).

Secondary Outcomes

At 0 h, 2 h and 3 d after surgery, the VAS scores were
significantly lower in the combination analgesia group and
the ropivacaine group compared with the control group
(P<0.001 for 0 h and 2 h, P = 0.025 for 3 d between

Table | Demographic Data and Clinical Characteristics of the Patients

Combination Ropivacaine Control Combination Combination | Ropivacaine
Analgesia Group Group Group Analgesia vs Analgesia vs Group vs
Ropivacaine Control Control
Group Group Group
Number 31 30 32 P value
Age (year) 59 (50,68), median 59.5 (51,66.5) 55.5 0.793
(lower, upper quartiles) (48.25,66.5)
Sex (male/female) 15/16 15/15 16/16 0.989
Height (cm) 164.55 (7.58) mean (SD) 165.17 (7.32) 164.72 (7.86) 0.751 0.929 0817
Weight (kg) 56 (48,70) 58 (49,71) 60 (52,70.25) 0.708
Bleeding volume (mL) 100 (80,150) 100 (80,150) 100 (80,150) 0918
Operative time (min) 160 (120,180) 162.5 (120,180) | 150 (120,180) 0.717
Preoperative pain (VAS) 54,5 5 (4,5 5 (4,5 0.621

Note: Data are expressed as mean (standard deviation, SD), median (lower and upper quartiles) or frequency (n).

Table 2 Postoperative VAS Scores Among the Three Groups

Combination | Ropivacaine | Control Combination Combination Ropivacaine
Analgesia Group Group Analgesia vs Analgesia vs Group vs
Group Ropivacaine Group Control Group Control Group

Number 31 30 32 P value
Primary outcome

12 h 3(23) 334 4 (4.5) 0.058 <0.001 <0.001
Secondary outcome

Oh 2 (22 2 (2,3) 4 (3.4) >0.9 <0.001 <0.001

2h 2 (2,3) 2(23) 4 (44.75) >0.9 <0.001 <0.001

24 h 3(23) 4 (3.4) 4 (3,5) 0.005 <0.001 0.148

3d 3(23) 3(2,3.25) 3534 0.117 <0.001 0.025

5d 2 (2,3) 3(23) 333 0.271 <0.001 0.107

7d 2(1,2) 2(22) 2(23) 0.193 <0.001 0.091

14d 1 (1,1) 2(1,2) 2 (1,2) 0.005 <0.001 >0.9

PCA dose 40 (28,50) 49 (42.25,55) | 55 (40,66) 0.06 0.001 0.765

Note: Data are expressed as median (lower and upper quartiles).
Abbreviation: PCA, patient-controlled analgesia.
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ropivacaine group and control group), but there was no
statistical difference in VAS scores between the combination
analgesia group and the ropivacaine group (P > 0.05). At 24
h after surgery, the VAS scores were also significantly lower
in the combination analgesia group than the ropivacaine
group (P=0.005) and the control group (P<0.001), while no
statistical difference was observed between the ropivacaine
group and the control group (P = 0.148, Table 2).

At 5 d and 7 d after surgery, only patients in the combi-
nation analgesia group and ropivacaine group had markedly
lower VAS scores than those in the control group (P<0.001).
At 14 d postoperatively, the combination analgesia group
had significantly lower VAS scores than the ropivacaine
group and the control group (P<0.005), while the ropiva-
caine group and the control group demonstrated similar VAS
scores (P>0.9). Cumulative PCA consumption in the combi-
nation analgesia group was significantly lower than that in
the control group (P = 0.001) (Table 2). There were similar
walking times and hospital stays after surgery among the
three groups (P>0.05, Table 3).

Safety

Adverse events were found in six patients (one case in the
combination analgesia group, two cases in the ropivacaine
group, and three cases in the control group). Nausea and
vomiting occurred in one patient in the combination analge-
sia group and two patients in the control group. One patient
in the ropivacaine group had a fever. Superficial wound
infection was observed in one patient in the ropivacaine
group, and this patient obtained wound healing after debri-
dement and suturing under local anesthesia. One case in the
control group had a deep wound infection, and underwent
secondary surgery for debridement under general anesthesia.

Table 3 Postoperative Outcomes and Adverse Events

Another case in the control group developed a urination
disorder. There was no statistical difference in adverse
events among the three groups and they were all well toler-
able after immediate treatment (Table 3).

Discussion
The results of this study confirmed that postoperative VAS
scores and PCA consumption after posterior spinal surgery
were significantly reduced by preemptive and multimodal
analgesia using celebrex, pregabalin and ropivacaine.
However, this combination analgesia showed no signifi-
cant impact on walking time or hospital stay after surgery.
There was no increase in adverse events after combination
analgesia intervention for posterior spinal surgery.
Preemptive and multimodal analgesia are two novel
the
management.'”'® The pathophysiology of surgical pain

concepts to  improve efficacy of pain
includes peripheral sensitization initiated by inflammatory
mediators and central sensitization resulting from hyper-
excitability of the spinal neurons in the dorsal horn.'®:'’
Preemptive analgesia requires the administration of
analgesics prior to surgery and aims to prevent this hyper-
excitability of the central nervous system.’®?' Various
analgesics are combined in multimodal analgesia and act
through different mechanisms and at different sites in
order to provide more effective analgesia.****

Celebrex, a cyclooxygenase (COX)-2 inhibitor, acts via
suppressing COX-2-mediated production of prostaglandin
E2 which is a product of arachidonic metabolism and
promotes the pain and hyperalgesia associated with tissue
trauma and inflammation.”* Celebrex is able to reduce the
hyperalgesic state after surgical trauma through inhibiting

the synthesis of prostaglandins in the spinal cord and the

Combination | Ropivacaine | Control Combination Combination Ropivacaine
Analgesia Group group Analgesia vs Analgesia vs Group vs
Group Ropivacaine Group Control Group Control Group

Number 31 30 32 P value

Walking time 2 (22) 2(22) 2 (2,3) 0.207

Hospital stay after surgery 4 (4,5) 5 (4.5) 5 (4.5) 0.388

Adverse events | 2 3 0.610

Nausea and vomiting | 0 2 0.771

Fever 0 | 0 0.323

Infection 0 | | 0.768

Secondary surgery 0 0 | |

Urination disorders 0 0 | |

Note: Data are expressed as median (lower and upper quartiles) or frequency (n).
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periphery.?>*® Pregabalin is developed as an anticonvul-
sant drug and inhibits central sensitization and the release
of nociceptive neurotransmitters in the spinal cord through
presynaptic and postsynaptic inhibition of calcium
influx.””?° Anticonvulsants have been documented to
diminish postoperative pain and opioid requirements after
spinal surgery.''

Celebrex and pregabalin act through different mechan-
isms and their combination shows a synergistic effect for
postoperative pain control.”> In one RCT that enrolled
patients undergoing total hip arthroplasty, celecoxib plus
pregabalin was associated with remarkably improved pain
relief and physical function.'* However, there have been
limited studies exploring the combination of celecoxib and
pregabalin for spinal surgery. Preoperative administration
of pregabalin combined with celecoxib (preoperative preg-
abalin and celecoxib) resulted in reduced VAS scores and
intravenous morphine consumption after lumbar surgery,
but that study only reported the efficacy during 48 h.*°
This study intended to investigate the effects of preemp-
tive analgesia (preoperative oral administration of celebrex
and pregabalin) and multimodal analgesia (celebrex and
pregabalin combined with subcutaneous infiltration of
ropivacaine) on postoperative pain up to 14 d after poster-
ior spinal surgery.

Local wound infiltration of anesthetics has been devel-
oped into a useful and important component of the multi-
modality approach to postoperative pain control through
reducing the sensitization of spinal dorsal horn neurons
and inhibiting the transmission of noxious impulses from

e 1
the incision.?

It can also suppress local inflammatory
responses to incision injury.>? Local infiltration of anes-
thetics has shown some potential in pain relief after breast
surgery and inguinal hernia repair.*>** Ropivacaine, a pure
levorotatory stereoisomer and long-acting amide local anes-
thetic agent, has been widely used for local anesthesia and
postoperative analgesia. Ropivacaine has the same analgesic
effects as bupivacaine and levobupivacaine, but shows lower
incidence of motor block.?>> There is decreased incidence of
central nervous system toxicity and cardiotoxicity because
of the reduced lipophilicity of ropivacaine.*®

In this study, preemptive and multimodal analgesia
using celebrex, pregabalin and ropivacaine significantly
reduced VAS scores up to 14 d postoperatively and
PCA consumption after posterior spinal surgery. This
preemptive and multimodal analgesia is safe and well

tolerable, showing no increase in adverse events. Our

study is subject to a few limitations. Firstly, clinical
pain in our patients is evaluated using the VAS score,
instead of using quantitative sensory testing (QST)
which is a well-validated experimental tool for evalu-
ating and quantifying hyperalgesia with a stimulus-
response gradient.>”*® Secondly, different procedures
of operation are included in this study, and may have
some influence on the analgesic evaluation. Thirdly,
recent research has demonstrated sex differences with
respect to pain perception,’® but we did not perform
a subgroup analysis based on sex difference. Finally,
PCA was discontinued if patients had severe nausea
and vomiting, which may affect the comparison of
PCA consumption among groups.

To the best of our knowledge, this is the first clinical
report to explore the effect of preemptive analgesia (pre-
operative administration of celebrex and pregabalin) and
multimodal analgesia (oral celebrex and pregabalin com-
bined with subcutaneous infiltration of ropivacaine) on
postoperative pain up to 14 d after posterior spinal surgery.
Our results suggest that this preemptive and multimodal
analgesia can effectively and safely alleviate postoperative
pain for posterior spinal surgery.
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