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Abstract

Background: Arthroscopic meniscus surgery can lead to pain at various levels. In this study, we aimed to compare, in
patients undergoing arthroscopic meniscectomy under spinal anesthesia, the efficacy of the combination of magnesium
sulfate and dexmedetomidine with local anesthetics administered intraarticularly for postoperative pain management
Methods: This prospective, randomized, controlled, double-blind study comprised of 52 patients who were randomly
assigned into two groups depending on the combination injected intraarticularly at the end of the procedure: bupivacaine
and dexmedetomidine (group D) or bupivacaine and magnesium sulfate (group M). Perioperative data, postoperative
visual analog scale (VAS) scores, and total analgesic consumption were recorded.

Clinical trial registration: NCT03479216

Results: No statistically significant differences were found in mobilization times, rescue analgesic times, and non-
steroidal anti-inflammatory consumption. The maximum mean VAS values at rest and during movement in group D were
measured at the 6™ hour while in group M peaked at the 8" hour.

Conclusion: Both intraarticular dexmedetomidine and magnesium sulfate, in combination with bupivacaine, have simi-
lar effects on reducing postoperative pain in arthroscopic knee surgery. HIPPOKRATIA 2019, 23(2): 51-57.
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Introduction

Arthroscopic meniscus surgeries are considered to be
the most common day-case orthopedic procedures. Nev-
ertheless, irritation of free nerve endings in the synovial
tissue and anterior fat pads, as well as stretching and inci-
sion to the joint capsule, lead to pain at various levels'.
Proper pain management enhances recovery and enables
early rehabilitation. In published postoperative pain man-
agement guidelines, opioid-free analgesia methods are
frequently emphasized, and multimodal treatment ap-
proaches such as local anesthetic infiltration are recom-
mended?. In the treatment of postoperative knee pain, in-
tra-articular (IA) drug injections are the most commonly
used methods because of their minimal systemic adverse
effects’. Drugs that are commonly administered intraar-
ticularly included local anesthetics (bupivacaine, le-
vobupivacaine, lidocaine), opioids (morphine, fentanyl),
magnesium sulfate, steroids, and a2 agonists (clonidine,
dexmedetomidine)*®. In order to increase the effects and

prolong the analgesic times of local anesthetics, various
adjuvants are frequently used as an addition to the local
anesthetics.

The aim of this randomized, controlled, double-blind
study was to compare the efficacy of two adjuvants (mag-
nesium sulfate and dexmedetomidine) combined with lo-
cal anesthetics given IA for postoperative pain manage-
ment in arthroscopic meniscectomy.

Methods

The Institutional Review Board approved this study
protocol (KIA 2018/92, date: 20/2/2018), written in-
formed consent was obtained from all subjects, and
all procedures were conducted in accordance with the
Helsinki Declaration of the World Medical Association
and the ethical standards of the responsible committee
on human experimentation. The study was registered
prior to patient enrolment at www.ClinicalTrials.gov
(NCT03479216).
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Patient selection

From March to July in 2018, 52 patients aged be-
tween 18 and 65 years who were scheduled for elective
arthroscopic meniscectomy for meniscal tear under spi-
nal anesthesia with American Society of Anesthesiolo-
gists physical status I or II, were included in the study.
The meniscal tear was diagnosed through a physical
examination and with magnetic resonance findings. Pa-
tients who gained no benefit from conservative treatment
were scheduled for arthroscopic surgery. The inclusion
criteria included patients with stable knees, no knee ar-
thritis, no axial malalignment, and no cruciate ligament
injuries. Patients who had chondral lesions, and those
who underwent meniscus repair were excluded from the
study. Patients with renal or hepatic comorbidities and
known neuropathy that could impede the assessment of
pain scores, patients in whom surgery was not performed
under spinal anesthesia for any reason (refusal, contrain-
dication, or failure), and those who refused to participate
were excluded from the study.

Block randomization was applied. After generating
random numbers using Microsoft Excel, patients were
randomly allocated into two groups. Following the ran-
domization, 10 ml of the study solution was prepared
by an anesthesiology nurse who did not take part in the
study. The solution was injected intraarticularly follow-
ing skin closure at the end of the surgery, ten minutes be-
fore the tourniquet release. All of the patients, surgeons,
the anesthesiologist, the nurse following the patient post-
operatively, and the investigators were blinded to the
randomization sequence and the content of the injected
drugs.

Study solution

The volume of the study solution was standardized at
10 ml. Two kinds of study solutions were prepared. The
first included five ml of 0.5 % bupivacaine and five ml of
15 % MgSO,, and the second solution included 5 ml of
0.5 % bupivacaine, 0.5 ml (50 pg) of dexmedetomidine,
and 4.5 ml of 0.9 % sodium chloride (NaCl).

Anesthesia

Following routine monitorization of non-invasive
blood pressure, heart rate, and pulse oximetry, 12 mg of
0.5 % hyperbaric bupivacaine (with no adjuvants) was
injected to the subarachnoid space for spinal anesthesia
through a midline approach with the patients in the sitting
position, after which the patients were positioned in the
supine position. Surgery started following sensory block
to pinprick at L1. All of the patients’ motor (Bromage
scale) and sensory (pinprick) block levels were recorded
at the end of the surgery.

Surgery

All surgical procedures were performed by a senior
surgeon in a bloodless surgical field with a pneumatic
tourniquet inflated to 300 mm Hg. Partial meniscectomy
was performed using two portals (anteromedial and an-

terolateral). None of the patients underwent knee surgery
for bilateral legs. The surgery time was calculated from
the first incision to the skin to skin closure.

Surgical Ward

The patients’ non-invasive blood pressures and heart
rates were monitored in the orthopedics ward. Cold packs
were administered to the operated knees. Visual analog
scale (VAS) ranging from 0 (no pain) to 10 (the worst
imaginable pain) was used for the postoperative pain as-
sessment.

The VAS scores were assessed and recorded at the 4
6", 8™ 121 and 18" hours by a nurse at the ward. Pain
scores were measured during passive flexion (movement)
and at rest. The duration of the motor block was recorded
in minutes as the time from the spinal block to complete
motor block recovery was obtained (Bromage scale =0).

No bladder catheterization was used. Patients were
encouraged to continue their daily activities in the early
postoperative period. The time of ambulation was calcu-
lated as the time from the patient’s entry to the ward to
the first mobilization with or without the assistance of
crutches.

Rescue analgesic times were calculated in minutes
from IA injection to the first analgesic demand. The tar-
get VAS score for adequate pain management was <4.
Intravenous tenoxicam 20 mg was administered via con-
tinuous intravenous infusion for first-line rescue anal-
gesic therapy to patients whose VAS scores were >4. If
there was no decrease in VAS scores within 30 minutes,
an opioid analgesic (one vial: 100 mg tramadol) was ad-
ministered. The total consumption of analgesics (number
of vials) and rescue analgesic times were recorded.

Adverse effects such as headache, postoperative nau-
sea and vomiting, bradycardia, and hypotension were
noted. All patients were admitted to the hospital on the
surgery day and stayed at the hospital overnight for post-
operative follow-up. All patients were discharged from
hospital in the morning of the following day (when they
were able to void, had stable vital signs, had minimal or
no pain, and could walk with or without the assistance of
crutches)®. The hospital stay was no more than 24 hours.

Statistical analysis

Based on a previous study, the total sample size was
calculated as 54 patients to detect one cm difference in
VAS (a error: 0.05, 95 % power)’. Therefore 62 patients
were recruited to compensate for possible dropouts. Sta-
tistical analyses were performed using the computerized
statistical software IBM SPSS Statistics for Windows,
Version 24.0 (IBM Corp., Armonk, NY, USA). The nor-
mality of the data distribution was analyzed using the
Kolmogorov-Smirnov test. For continuous variables, the
Mann-Whitney U test was used. For intergroup compari-
sons of categorical data, Fisher’s exact test or Pearson’s
Chi-square test was applied. For intragroup comparisons
of VAS scores, Wilcoxon’s signed-ranks test was used.
All data are presented as mean + standard deviation, me-
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dian (min-max), or numbers (percent). A p-value <0.05
was considered to be statistically significant.

Results

In the present study, 62 patients were analyzed for
eligibility, and subsequently, ten patients were excluded
(five declined regional anesthesia, four had comorbid
diseases, and one failed regional anesthesia) (Figure
1). There were no statistically significant differences
between the groups regarding the demographic charac-
teristics of the patients and perioperative data (Table 1;
Table 2). Although the mean mobilization time and non-

steroidal anti-inflammatory drug (NSAID) consumption
were higher in group D, and rescue analgesic time was
longer in group M, these differences were not statistically
significant. Eleven of the 26 patients in group D and 13 of
the 26 patients in group M required no analgesics during
their hospitalization.

The VAS scores at rest at the 4% hour were signifi-
cantly higher in group D than in group M (p =0.025). The
VAS scores during movement at the 8" hour were found
to be significantly lower in group D (p =0.031). There
was no statistically significant difference between the
groups in the remaining VAS measurements. The maxi-

Assessed for eligibility (n =62)

I Enrollment I

Excluded (n =10):

e Declined regional anesthesia

.

Randomized (n =52)

(n=5)

e Physician’ s decision
(because of the predefined
exclusion criteria) (n =4)

e Failure of regional
anesthesia (n =1)

Allocation

I

Group D (n =26)

Bupivacaine & Dexmedetomidine intraarticular

Group M (n =26)

Bupivacaine & Magnesium sulphate intraarticular

Follow-up

Lost to follow-up (n =0)

Discontinued intervention (n =0)

Lost to follow-up (n =0)

Discontinued intervention (n =0)

Analysis

Figure 1: Flow diagram of the

k.
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summarizing the enrolled and
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Table 1: Demographics of the 52 patients included in the study, who underwent elective arthroscopic meniscectomy under spinal an-
esthesia and were randomly assigned into two groups depending on combination injected intraarticularly at the end of the procedure:
bupivacaine and dexmedetomidine (group D) or bupivacaine and magnesium sulfate (group M).

Group D Group M
(Dexmedetomidine + Bupivacaine) (Magnesium Sulfate + Bupivacaine)
n =26 n =26
n % n % Ve p
Female 6 23.1 4 15.4
Gender  rate 20 76.9 2 84.6 0495 0.482
ASA 1 21 80.8 21 80.8
ASA - AsA2 5 19.2 5 19.2 <0.0010.999
Right knee 7 26.9 9 34.6
Surgery L eft knee 19 73.1 17 65.4 0.361 0.548
M = SD Median (Min-Max) M +SD Median (Min-Max) Z P
Age (years) 41.62+13.78 44 (18-65) 4273 £11.19 45.5(23-59) -0.366 0.714
Height (mt) 1.72+£0.07 1.75 (1.6-1.83) 1.73 +£0.06 1.75 (1.6-1.85) -0.275 0.783
Weight (kg) 71.15+£8.64 72.5 (55-85) 7212 £8.62 72.5 (55-90) -0.261 0.794
BMI (kg/m?) 23.93+229 24.19(19.03-27.34) 23.97 £2.08 24.05 (20.2-29.3) -0.184 0.854

n: number of patients, M + SD: mean =+ standard deviation, ASA: American Society of Anesthesiologists, BMI: Body mass index.
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Table 2: Perioperative data including surgery time, time to motor recovery, time to first mobilization, time to first analgesic
demand, and total analgesic consumption for the 52 patients included in the study (group D: 26 patients; group M: 26 patients).

Group D Group M
. 1. . . (Magnesium Sulfate +
(Dexmedetomidine + Bupivacaine) Bubi .
upivacaine)
. . Median
M £ SD Median (Min-Max) M = SD (Min-Max) V4 p
Surgery time 24.23 £6.43 25 (15-35) 25.58 +£8.52 25 (15-40) -0.477 0.634
Eme to reach 148.08 + 58.65 132.5 (60-320) 147.5+£54.12  127.5(70-300)  <0.001 0.999
romage 0
Mobilization time 143.27 £ 56.62 125 (75-300) 139.42 +56.4 120 (75-300) -0.331 0.740
Rescue analgesic time  477.33 + 164.12 465 (240-840) 498.46 + 122 450 (330-750) -0.554  0.580
NSAID (vials) 0.65+0.63 1(0-2) 0.54 +0.58 0.5 (0-2) -0.648 0.517
Opioid (vials) 0=+0 0 (0-0) 0.04+0.2 0(0-1) -1.000 0.317

Surgery time: From the first incision to the skin to skin closure, Time to reach Bromage 0: from subarachnoid injection to complete motor block
recovery, Mobilization time: from the patient’s entry to the ward to first mobilization, Rescue analgesic time: from intra-articular injection to
the first analgesic requirement (excluding patients who did not require analgesics during hospitalization), M + SD: mean + standard deviation,

NSAID: Non-steroidal anti-inflammatory drugs.

mum mean VAS values at rest and during movement in
group D were observed at the 6™ hour. The VAS scores at
rest and during movement in group M peaked at the 8"
hour. The lines of the VAS scores at rest of both groups
met at a close point at the 18" hour. Similarly, the lines of
the VAS scores during movement of both groups also met
at a close point at the 18" hour (Table 3; Figure 2). VAS
scores during movement were significantly higher than
at rest in both study groups at the 4, 6%, 81 12t and 18"
hours postoperatively (p <0.001) (Table-4).

None of the patients encountered adverse effects such
as headache, bradycardia, and hypotension during their
hospitalization. There was only one patient in group M
who had nausea and vomiting (following tramadol ad-
ministration).

Discussion

The main finding of the study is that the use of 1A
dexmedetomidine or magnesium sulfate as an adjuvant
to bupivacaine (even in low volumes) reduced postop-

at rest
6
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Group D Group M

erative pain and analgesic consumption. The VAS scores
peaked at the 6™ hour in the dexmedetomidine group,
and at the 8" hour in the magnesium sulfate group. These
data show that dexmedetomidine (as an adjunct to bupi-
vacaine) had a shorter half-life of elimination from the
IA region than magnesium sulfate (as an adjunct to bu-
pivacaine). However, pain scores did not differ between
the groups at the 18" hour. Neither of these combinations
offered an entirely painless period. Even though the pain
scores were higher during passive flexion of the operated
knee than at rest, the patients were comfortable in the first
mobilization after surgery.

Although opioid-free anesthesia and analgesia meth-
ods have gained importance in recent times, there has
been increased interest regarding non-opioid analgesic
drugs and multimodal analgesia applications. A local an-
esthetic injections have been used for pain management
after knee surgeries®. In randomized controlled trials,
IA combinations of local anesthetic with adjuvant drugs
were found to be superior for postoperative analgesia

during movement
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Figure 2: Changes in the postoperative visual analog scale (VAS) scores A) at rest and B) during movement at the postoperative

4 60 8 12 and 18" hours.
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Table 3: Intergroup comparison of postoperative visual analog scale (VAS) scores (at rest and during movement) at 4%, 6%, 8,

12%, and 18" hours.

Group D Group M
(Dexmedetomidine + Bupivacaine) (Magnesium Sulfate + Bupivacaine) 7 P
M £SD Median (Min-Max) M=£SD Median (Min-Max)
VAS 4 R 0.81+1.20 0(0-3) 0.12+0.33 0 (0-1) -2.234  0.025%
VAS 4 M 2.04+1.93 2 (0-6) 1.19£1.1 1 (0-3) -1.392 0.164
VAS 6 R 1.5+£1.56 1 (0-4) 1.31 £1.67 0.5 (0-5) -0.721  0.471
VAS 6 M 3.46+1.98 3 (0-8) 3.31+1.89 3 (0-8) -0.467 0.640
VAS 8 R 1.23+1.53 1 (0-5) 1.77 £ 1.68 1.5 (0-6) -1.402  0.161
VAS 8 M 3.08+1.81 3 (0-8) 4.08 +1.83 4 (1-8) -2.151 0.031*
VAS 12 R 0.73+1.15 0 (0-5) 1.15+1.43 1 (0-6) -1.600 0.110
VAS 12 M 2.62 +1.44 3 (0-6) 3.19+1.44 3 (2-8) -1.418 0.156
VAS 18 R 0.23+0.43 0(0-1) 0.27£0.53 0(0-2) -0.075 0.940
VAS 18 M 1.62 +1.06 2 (0-4) 1.69 £0.97 2 (0-4) -0.195 0.846

R: rest, M: movement, VAS: Visual analog scale, M + SD: mean =+ standard deviation, *: p <0.05.

Table 4: Intragroup comparison of postoperative visual analog scale (VAS) scores (at rest and during movement) at 4, 6", 8™,

12*, and 18" hours.

Group D Group M
(Dexmedetomidine + Bupivacaine) (Magnesium Sulfate + Bupivacaine)
M+ SD Z p M+ SD Z p
VAS 4R 0.81+1.2 3,866 <0.001 0.12+0.33 3630 <0.001
VAS 4 M 2.04 +1.93 1.19+1.1
VAS 6 R 1.5+1.56 4610 <0.001 1.31+1.67 4549 <0.001
VAS 6 M 3.46+1.98 3.31+1.89
VAS 8 R 1.23+£1.53 4.497 <0.001 1.77 £1.68 4603 <0.001
VAS 8§ M 3.08 £ 1.81 4.08 +1.83
VAS 12 R 0.73+£1.15 4449 <0.001 1.15+1.43 4680 <0.001
VAS12 M 2.62+1.44 3.19+1.44
VAS 18 R 0.23+0.43 4091 <0.001 0.27+0.53 4344 <0.001
VAS 18 M 1.62+1.06 1.69 +£0.97

R: rest, M: movement; VAS: Visual analog scale, M + SD: mean + standard deviation.

compared to local anesthetic drugs alone*.
Dexmedetomidine is a selective, specific, lipophilic,
and potent a2 adrenergic receptor agonist with sedative,
anxiolytic, analgesic, antihypertensive, and sympatholyt-
ic effects*’. The 02 adrenergic receptor agonists provide
analgesic activity through both the central and peripheral
nervous system®!°. Administration of TA dexmedetomi-
dine provides analgesia mainly due to a direct local ef-
fect; however, systemic absorption cannot be excluded''.
The most frequent adverse effects of dexmedetomidine
include hypotension and bradycardia. However, these ad-
verse effects have never been encountered with TA injec-
tions of this drug'>!3. Magnesium sulfate is also an adju-
vant drug that has a pivotal role in the nociceptive trans-
mission and acts as an N-methyl-D-aspartate (NMDA)

antagonist in spinal neurons®. Additionally, magnesium
sulfate has anti-inflammatory and immunomodulatory ef-
fects and influences chondral regeneration positively'#,

There are few studies evaluating the analgesic effect
of TA dexmedetomidine. Alipour et al’ and Al-Metwalli et
al'! showed the efficacy of IA injections of 1 ug kg dex-
medetomidine as a sole agent without local anesthetic.
Moeen et al concluded that both dexamethasone and dex-
medetomidine provided good postoperative analgesia,
but there was no significant difference when they were
compared®. Panigrahi et al demonstrated that the first an-
algesic requirement time was 433.2 + 54.3 minutes for
ropivacaine and one pg kg dexmedetomidine (20 ml in
total), and 757.3 £ 207.7 minutes for ropivacaine and two
ug kg!' dexmedetomidine (20 ml in total)'”. The authors
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recorded a mean VAS score of four at the postoperative
8" and 18" hours with low dose dexmedetomidine, and
a mean VAS score of four at the postoperative 12 hour
with a relatively higher dose of dexmedetomidine. Paul
et al evaluated the efficacy of a 20 ml combination of
1A ropivacaine and 100 pg dexmedetomidine and report-
ed that the first analgesic time was 10.84 £+ 2.6 hours,
and the mean VAS scores were not higher than four'.
Accordingly, in the present study with relatively lower
doses and volumes, we achieved similar results of first
analgesic times to the low-dose dexmedetomidine (1 pg
kg') group of the Panigrahi et al study and similar VAS
score results as in the Paul et al study'”!8.

Magnesium sulfate has also been used alone or as a
combination with other analgesics IA for postoperative
analgesia'®!*?*. Similarly, it was found in our study that
magnesium sulfate provided significant postoperative an-
algesia.

It is understood that the high-volume IA load can po-
tentially cause patient discomfort*®. On the other hand,
it was indicated in a study that adequate analgesia could
be achieved with a small dose of morphine with a large
volume IA%. Besides that, the synergistic mechanism
of action of local anesthetics and adjuncts provides the
same effect with lower doses and also lower volumes of
drugs in combination'é. However, Joshi et al concluded
that there was no advantage in combining bupivacaine
with morphine®. The conflicting results of the studies
conducted with morphine can be related to the low lipo-
solubility of morphine, which affects potency, the onset
of action, and duration of action. However, in our study,
effective analgesia and lower analgesic consumption
were acquired even with lower volumes and lower doses
of dexmedetomidine or magnesium sulfate in combina-
tion with bupivacaine.

There are also local effects of magnesium sulfate,
including anti-inflammation and immunomodulation'*!*,
Even though -like dexmedetomidine- the systemic effects
and adverse effects including vomiting, sedation, and hy-
potension are less pronounced after [A administration of
magnesium sulfate, a central analgesic effect of magne-
sium sulfate because of the systemic absorption cannot
be excluded". Hence, vomiting in one of our patients in
the magnesium sulfate group was observed following tra-
madol administration.

It was observed in this study that both dexmedetomi-
dine and magnesium sulfate, in combination with bupiva-
caine, had favorable analgesic effects. At the same time,
as an adjuvant, both helped to reduce the bupivacaine
dose, which has well-known adverse effects on chon-
drocytes?”. Dexmedetomidine had a shorter duration of
action compared with magnesium sulfate. Nevertheless,
both adjuvants showed similar and good analgesic effects
in patients on discharge and provided a comfortable post-
operative period. However, in view of our results, mag-
nesium sulfate can be considered preferable because it is
less expensive than dexmedetomidine.

The major limitation of this randomized, controlled

trial is that there is no control group (a group of patients
with bupivacaine only or placebo) to reach a useful con-
clusion about the effectiveness of the two compared
adjuvants. The reason for not assigning a control group
was that the superior analgesic effects of the magnesium
sulfate and dexmedetomidine over placebo had been re-
searched previously for individual adjuvant drugs; how-
ever, they have never been compared in a single study.
Another limitation of the study is the short duration of
postoperative follow-up. Thus, we could not evaluate the
long-term positive and adverse effects of IA injections.
More clinical trials are needed to determine the optimum
volume and dosing for a specific drug.

In conclusion, both TA dexmedetomidine and magne-
sium sulfate, in combination with bupivacaine, have sim-
ilar effects on reducing postoperative pain in arthroscopic
knee surgery.
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