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as adjuvants to ropivacaine do not prolong
analgesia in wound infiltration for lumbar spinal
fusion: a prospective randomized controlled
study
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Abstract

Background and objectives Local anesthetics (LAs) are widely used to infiltrate into surgical wounds for postop-
erative analgesia. Different adjuvants like dexamethasone and dexmedetomidine, when added to LA agents, could
improve and prolong analgesia. The aim of this trial was to evaluate the analgesic efficacy and opioid-sparing proper-
ties of dexamethasone and dexmedetomidine when added to ropivacaine for wound infiltration in transforaminal
lumbar interbody fusion (TLIF).

Methods We conducted a controlled study among 68 adult patients undergoing TLIF, which was prospective,
randomized and double-blind in nature. The participants were divided into four equal groups at random. Group R
was given 150 mg of 1% ropivacaine (15 mL) and 15 mL of normal saline. Group R+ DXM received 150 mg of 1%
ropivacaine (15 mL) and 10 mg of dexamethasone (15 mL). Group R+ DEX received 150 mg of 1% ropivacaine (15 mL)
and 1 ug/kg of dexmedetomidine (15 mL). Lastly, group R+DXM+ DEX was given 150 mg of 1% ropivacaine (15 mL),
10 mg of dexamethasone and 1 ug/kg of dexmedetomidine (15 mL). The primary focus was on the length of pain
relief provided. Additionally, secondary evaluations included the amount of hydromorphone taken after surgery,

the numerical rating scale and safety assessments within 48 h after the operation.

Results Based on the p value (P>0.05), there was no significant variance in the duration of pain relief or the total
usage of hydromorphone after surgery across the four groups. Similarly, the numerical rating scale scores at rest
and during activity at 6-, 12-, 24- and 48-h post-surgery for all four groups showed no difference (P> 0.05). How-
ever, the incidence of delayed anesthesia recovery was slightly higher in group R+ DEX and group R+DXM + DEX
when compared to group R or group R+ DXM. Furthermore, there were no significant differences between the four
groups in terms of vomiting, nausea, dizziness or delayed anesthesia recovery.

Conclusion For wound infiltration in TLIF, the addition of dexamethasone and dexmedetomidine to ropivacaine did
not result in any clinically significant reduction in pain or opioid consumption and could prompt some side effects.
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Introduction

Managing postoperative pain in spine surgery patients is
a challenging task. The surgery often results in moder-
ate to severe pain, which can lead to poor surgical out-
comes, delayed recovery, increased complications and
low patient satisfaction. To address this issue, multimodal
analgesia (MMA) is becoming more commonly used in
spine surgery, as there is a growing body of evidence sup-
porting its effectiveness. There are various methods used
in MMA for pain management, such as preemptive anal-
gesia, nonsteroidal anti-inflammatory drugs (NSAIDs),
acetaminophen, neuromodulator drugs, local anesthetic
(LA) infiltration and fascial compartment blocks [1, 2].
MMA regimens acting through different mechanisms
have been developed as a means of improving postopera-
tive pain management and offer significant opioid spar-
ing and minimize the side effects of individual drugs [3].
One particularly intriguing method for pain management
after surgery is the use of local anesthetics (LA) which
are injected directly into the subcutaneous tissue or sur-
gical wound. Studies have shown that LA infiltration is a
straightforward, safe and effective way to alleviate post-
operative pain for joint, abdominal, tonsillar and spine
surgeries [3-6]. Using LA infiltration alone may not be
as effective as nerve axis or peripheral nerve block. To
increase its effectiveness, adjunct drugs such as opioids,
NSAIDs, steroids, alpha-2 agonists, ketamine, magne-
sium, neo-saxitoxin and methylene blue are added to pro-
long its duration. Thirteen RCTs have investigated using
dexmedetomidine as an adjunct for various surgeries
[4]. Two adjuncts that have proved effective in improv-
ing postoperative analgesia when used with LA are dex-
medetomidine and dexamethasone. Dexmedetomidine is
an alpha-2 adrenoreceptor agonist that is non-selective.
When administered perineurally, it is believed to keep
Ad(delta) and C neurons in a hyperpolarized state, which
inhibits the generation of action potentials [5, 7, 8]. The
dosages used ranged from 0.5 to 5 pg/kg. When dexme-
detomidine was combined with LA, it resulted in reduced
opioid requirements post-operation, longer-lasting pain
relief and lower pain scores after the surgery [9-13].
Dexamethasone is a potent glucocorticoid that stimulates
receptors on neuronal membranes, reducing excitability
of unmyelinated C fibers. It may also induce vasocon-
striction or systemic anti-inflammatory processes [5].
Two high-quality studies which added dexamethasone
to LA infiltration for laparoscopic cholecystectomy
and cesarean section [14] proved that dexamethasone
with LA had a mild analgesic benefit compared with LA

alone. The addition of dexamethasone to LA for brachial
plexus block will increase the block duration, depending
on the type of LA, by~2-3 h when added to a medium
acting LA, and up to 10 h when added to a long-acting
drug [15]. Due to the different mechanisms of action, we
hypothesized that added dexamethasone and dexme-
detomidine to LA could further prolong the duration and
enhance the efficacy. In addition, the benefits of combin-
ing the two drugs with LA for wound infiltration in spine
surgery are not yet conclusively proved. We conducted a
study to determine whether adding two drugs to ropiv-
acaine for wound infiltration would increase the duration
of the block and improve postoperative pain relief. The
study was prospective, randomized, double-blind and
controlled. We compared the effectiveness of using each
drug as an adjunct alone with ropivacaine.

Method
See Fig. 1.

Trial design and participants

We carried out a single-center, prospective, randomized,
double-blind, controlled trial with institutional ethics
committee approval in which patients with lumbar radic-
ulopathy due to disk herniation or lumbar spinal stenosis
were assigned to receive transforaminal lumbar inter-
body fusion (TLIF). Informed consent was obtained from
all participants before data collection. This study was
registered in the Chinese Clinical Trials Registry under
registration number ChiCTR2100042880. We enrolled
patients between 30 and 75 years of age who met the
inclusion and exclusion criteria of the study (Table 1).

Randomization and blinding
Participants who gave their consent for the study were
randomly assigned to one of four groups using a com-
puter-generated list of random numbers with a 1:1:1:1
ratio. Before the incision was closed, 30 ml of study drugs
were injected into the skin, subcutaneous tissue and par-
aspinal muscle.

Here are the different groups and their respective
solutions:

1. Group R: 15 mL of ropivacaine 1% mixed with 15 mL
of NS (normal saline).

2. Group R+DXM: 15 mL of ropivacaine 1% mixed
with 10 mg of dexamethasone in 15 mL NS.

3. Group R+DEX: 15 mL of ropivacaine 1% mixed with
1 pg/kg of dexmedetomidine in 15 mL NS.
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A total of 90 patients were approached to participate in this study from July 2021 to
December 2021, 18 patients were excluded because of non-adherence to the protocol,
and finally, 72 patients were randomized and successfully completed the study.
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Fig. 1 Study consort chart

4. Group R+DXM+DEX: 15 mL of ropivacaine 1%
mixed with 10 mg of dexamethasone and perineural
dexmedetomidine 1 pg/kg in 15 mL NS.

All patients did not take dexmedetomidine or dexa-
methasone before and after surgery. The randomization
tables were kept in the hospital pharmacy, and a nurse
who was not involved in the study prepared the study

medication and the patient-controlled anesthesia (PCA)
solution. The group assignments were kept blinded from
the patients, surgeons, anesthesiologists and researchers
who collected the data.

Interventions
Prior to the study procedure, the patients were given
instruction on how to operate the PCA pump and assess
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Inclusion criteria

Exclusion criteria

1. Low back pain and/or leg pain, and MRI confirmed central canal steno-
sis, or lateral recess stenosis or intervertebral foramen stenosis of lumbar
vertebra

2. Segments of lumbar spinal fusion <3

3. Duration of symptoms and conservative treatment >3 months

4. American Society of Anesthesiologists (ASA) physical status classes |
and i

5. Patient-controlled analgesia device (PCA) can be used independently

1. Previous lumbar spine surgery

2. Myelopathy, cauda equine syndrome or other spinal conditions (cancer,
rheumatologic disorders, neurologic disorders)

3.Ischemic heart disease; bradycardia (heart rate < 50 beats/min)

with or without cardiac conduction or arrhythmia; diabetes mellitus; severe
osteoporosis; neuromuscular and endocrine diseases; coagulation disor-
ders; adrenoreceptor agonist or antagonist therapy; allergy to the study
drugs

4. Recent or previous history of alcohol, opioid or narcotic drug depend-
ence

5. Chronic pain syndromes

6. Pregnant or lactating women

their pain using the numerical rating scale (NRS). Once
they entered the operating room, a solution of Ringer’s
lactate was infused via an 18-Gauge intravenous can-
nula that had been placed in a peripheral vein on their
forearm. During the procedure, various vital signs were
continuously monitored, including ECG, heart rate, inva-
sive blood pressure, respiratory rate and pulse oxygen
saturation. To establish general anesthesia, a combination
of 0.30 mg/kg of etomidate, 0.4 mg/kg of sufentanil and
0.2 mg/kg of cisatracurium was administered. Propofol,
sevoflurane, remifentanil and cisatracurium were used to
maintain anesthesia throughout the procedure. All surgi-
cal procedure was performed by the same surgeon. After
the surgery, the surgeon injected 15 mL into each side of
the surgical incision for wound infiltration. All patients
were given PCA for postoperative pain relief. The PCA
protocol included hydromorphone hydrochloride
(10 mg), tropisetron hydrochloride (5 mg) and normal
saline (85 ml). The PCA was programmed to administer a
1 mL bolus with a lockout time interval of 10 min and no
baseline infusion. The PCA was given when the patient
reported a pain score of >4 on the NRS or requested it.

Outcomes

The main focus of our study was to measure the length of
time before the first request for pain relief, known as the
duration of analgesia. Additionally, we also recorded the
total use of hydromorphone hydrochloride in patient-
controlled analgesia (PCA) within 48 h, as well as pain
scores measured at rest and during activity at six different
time points following surgery (6, 12, 24, 36 and 48 h). It is
important to note that we only collected data on pain asso-
ciated with the surgical wound, and not any nerve-related
symptoms. After the surgery, any negative effects like brad-
ycardia (heart rate lower than 50 beats per minute), hypox-
emia (oxygen saturation below 90%), hypotension (systolic
blood pressure lower than 90 mmHg or a decrease of
more than 20% from baseline), respiratory depression (less

than 10 breaths per minute for over 10 min), headache,
itchiness, nausea, vomiting and neurotoxicity were noted
and addressed within 48 h post-surgery. Hypotension is
treated by fluid loading, intravenous ephedrine or phenyle-
phrine. Atropine was used to treat bradycardia. Respira-
tory depression was treated with oxygen or naloxone until
RR>15 times per minute.

Statistical analysis
To determine the sample size needed for our study, we
used PASS V.11.0 (PASS, NCSS, USA). Our primary focus
was on measuring the duration of analgesia. In our pre-
trial study of twelve patients (three in each group), the
mean duration of analgesia in R, R+DXM, R+DEX and
R+DXM+ DEX group were 663 +261 min, 636 +373 min,
1120+ 330 min and 880+ 302 min, respectively. At a power
of 0.80 and an alpha error of 0.05, the required sample size
for each group was calculated to be 15. Considering the
dropouts and incomplete follow-up, 18 patients per group
and a total of 72 patients were suggested for this study.
Statistical analysis was performed with SPSS V.19.0 for
Windows. The distribution of the data was first evaluated
for normality using the Kolmogorov—Smirnov test. Nor-
mally distributed continuous variables are expressed as the
means * standard deviation (SD). For duration of analgesia,
total postoperative hydromorphone hydrochloride con-
sumption and NRS data, ANOVA followed by the Bonfer-
roni post hoc test was used. Categorical data (the incidence
of side effects) were presented as frequencies (%) and ana-
lyzed using Fisher’s exact test. P<0.05 value was considered
to be statistically significant.

Results

This study included 90 patients from July to Decem-
ber 2021. However, 18 patients were excluded due
to non-compliance with the protocol. Ultimately, 72
patients were randomly selected and completed the
study successfully (refer to Figure 1). There was no
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significant difference among the four groups in dura-
tion of analgesia and total postoperative hydromorphone
consumption (P>0.05; Table 2). The groups R+ DEX and
R+DXM + DEX experienced more delays in anesthesia
recovery compared to groups R or R+DXM. However,
there were no significant differences in the occurrences
of vomiting, nausea or dizziness among the four groups.
Additionally, there were no cases of bradycardia, hypo-
tension, hypoxemia, respiratory depression, neurotox-
icity or pruritus recorded, as shown in Table 3. There
were no significant differences in demographic data and

Table 2 Postoperative analgesic data in the four groups
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surgical characteristics among the four groups (Table 4;
P>0.05). There was no notable distinction between the
four groups in terms of their postoperative pain severity
NRS score while at rest or during activity at 6, 12, 24 and
48 h following the surgery (with a P value greater than
0.05 as shown in Fig. 2).

Discussion

After spinal surgeries, opioids have been traditionally
used as the primary pain reliever despite their nega-
tive side effects. However, there has been a rising trend

Group R Group R+ DXM Group R+ DEX Group R+ DXM +DEX P value
Duration of analgesia (min) 550.00+270.10 600.22+398.25 767.22+436.86 743.89+389.07 0.242
Total hydromorphone consump- 249+1.388 2.34+2.03 283+161 236+1.38 0.819
tion (mg)
A p value <0.05 was considered statistically significant
R Ropivacaine, R+ DXM ropivacaine and dexamethasone, R+ DEX ropivacaine and dexmedetomidine, R+ DXM + DEX ropivacaine, dexamethasone and
dexmedetomidine
Table 3 Incidence of side effects
Side effects Group R Group R+DXM Group R+ DEX Group R+DXM+DEX  Pvalue
Bradycardia 0(0) 0(0) 0(0) 0(0) -
Hypotension 0(0) 0(0) 0(0) 0(0) -
Hypoxemia 0(0) 0(0) 0(0) 0(0) -
Respiratory depression 0(0) 0(0) 0(0) 0(0) -
Pruritus 0(0) 0(0) 0(0) 0(0) -
Neurotoxicity 0(0) 0 (0) 0(0) 0(0) -
Nausea/vomiting 1(0) 0(0) 2011 2011 0.237
Dizziness 0(0) 0(0) 1(5.6) 1(5.6) 0.561
Delayed anesthesia recovery 0(0) 0(0) 4(22.2) 3(16.7) 0.045
A p value <0.05 was considered statistically significant
R Ropivacaine, R+ DXM ropivacaine and dexamethasone, R+ DEX ropivacaine and dexmedetomidine, R+ DXM + DEX ropivacaine, dexamethasone and
dexmedetomidine
Table 4 Demographic data and surgical characteristicss

Group R Group R+DXM Group R+DEX Group R+ DXM + DEX P value
Age (years) 55.06+10.70 56.28+5.77 5411+£7.10 56.44+8.70 0.386
BMI (kg/mz) 23224327 2391+3.79 24.87+324 2324+320 0422
Gender (male/female) 9:9 6:12 10:8 711 0.522
ASA class (I/11) 3:15 1:17 2:16 2:16 0.771
acd 1.33+1.09 1.28+0.75 1.00+£1.03 144+0.92 0.378
Duration of surgery (hour) 428+1.02 4.06+0.54 3.78+1.26 431£1.05 0.485
Fusion levels (1/2) 117 12:6 12:6 12:6 0.980

aCCl Age-adjusted Charlson Comorbidity Index, BMI body mass index, ASA American Society of Anesthesiologists, R ropivacaine, R+ DXM ropivacaine and
dexamethasone, R+ DEX ropivacaine and dexmedetomidine, R+ DXM + DEX ropivacaine, dexamethasone and dexmedetomidine

A p value <0.05 was considered statistically significant
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in utilizing multimodal analgesia (MMA) regimens. A
study conducted by John S Jones et al. found that there
was no significant difference in opioid use with the use
of dexmedetomidine on any postoperative day. Moreo-
ver, the use of continuous local anesthetic infusions
instead of dexmedetomidine can offer effective pain
control, ensure safety, reduce postoperative hospital
stays and eliminate the need for ICU admissions [16].
According to a study conducted by Carolyne Pehora
et al., there are insufficient data to determine the effi-
cacy of dexamethasone as an adjuvant to peripheral
nerve block in lower limb surgeries. However, their
study did find that dexamethasone used as an adju-
vant to peripheral nerve block in upper limb surger-
ies may prolong the duration of sensory block and
reduce postoperative pain and opioid consumption
[17]. A meta-analysis by Chang Xiong and colleagues
found that administering dexmedetomidine (Dexm)
and dexamethasone (Dexa) through the perineural
route provided the same duration of pain relief. The
analysis showed that there was no significant difference
between the effectiveness of the two drugs [18]. When
dexmedetomidine or dexamethasone are added to 0.5%
ropivacaine in a supraclavicular brachial plexus (SCBP)
block, it enhances the quality of the block and reduces
the need for pain relief for only 24 h. This improvement
occurs without any negative side effects [19]. Accord-
ing to a study conducted by Braito et al., administering
continuous wound infiltration (CWI) of ropivacaine
2 mg/mL at a rate of 2 mL/h for 24 h following hallux
valgus surgery did not decrease postoperative pain lev-
els for inpatients [20]. Levobupivacaine is more effec-
tive than ropivacaine in reducing postoperative pain for
mini-abdominoplasty, according to a study by Kakagia
et al. [21]. The use of ropivacaine for wound infiltra-
tion during laparoscopic colorectal resections does not
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provide substantial relief for pain management or pre-
vent wound hyperalgesia [22]. Based on our study, it
was observed that the R+ DEX and R+DXM + DEXD
groups took a longer time to recover from anesthesia as
compared to the R and R+DXM groups. This is likely
due to the low dosage of dexmedetomidine that entered
the bloodstream. Our study did not confirm our
hypothesis, and we found no evidence that adding dex-
amethasone and dexmedetomidine to local anesthetics
during TLIF surgery could prolong the analgesic effect
or enhance its efficacy. A study conducted by Weerasak
Singhatanadgige and colleagues involved a randomized,
controlled, double-blind trial. The results indicated that
administering multimodal injections did not result in
significant pain reduction. The VAS score differences
did not exceed the minimum clinically important dif-
ference (MCID). The control group received a bupiv-
acaine injection for wound infiltration after the surgical
procedure [6]. Wound infiltration had no significant
effect, but certain analgesic interventions could reduce
opioid use. Insufficient evidence prevents a definitive
recommendation for analgesic treatment after spinal
fusion surgery [23]. Steroids’ effectiveness compared to
other options for pain relief is unclear. Local anesthet-
ics are less effective when combined with tramadol than
tramadol alone. The effectiveness of local infiltrates for
relieving pain in lumbar surgery patients is inconclu-
sive due to inconsistent methodology and insufficient
data [24]. To summarize, while there are a few studies
that support our findings, they are limited in number.
In order to determine the best treatment for reducing
postoperative pain and opioid use, and to avoid nega-
tive effects from local anesthetics in major spine sur-
geries, it is essential to conduct randomized, controlled
trials on the use of dexamethasone and dexmedetomi-
dine as adjuvants to local anesthetics.
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Fig. 2 Postoperative pain severity NRS score at rest and activity at 6, 12, 24 and 48 h postoperatively. R: ropivacaine; R+ DXM:
ropivacaine +dexamethasone; R+ DEX: ropivacaine + dexmedetomidine; R+ DXM + DEX: ropivacaine + dexamethasone + dexmedetomidine. NRS,

numerical rating scale
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Limitations

Although our study design was randomized and con-
trolled, no data were included regarding as severity of
disease pathology, surgical approach (minimally inva-
sive vs. open vs. endoscopic vs. luminal) and complex-
ity of surgical procedure. A larger study population
will be needed to evaluate safety and cost-effective-
ness and synergistic effects of these drugs in different
combinations.

Conclusions

In our study, we did not find a significant reduction in
postoperative pain or opioid consumption when add-
ing dexamethasone and dexmedetomidine to ropiv-
acaine for wound infiltration in transforaminal lumbar
interbody fusion (TLIF). Additionally, this combination
may produce some side effects. We recommend that
this approach should not be used routinely in clinical
practice.
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