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Dexamethasone added to levobupivacaine ™
prolongs the duration of interscalene brachial
plexus block and decreases rebound pain after
arthroscopic rotator cuff repair
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Background: It has been reported that the addition of dexamethasone to interscalene brachial plexus block (ISBPB) prolongs the dura-
tion of the block effect. However, there have been no studies focusing on the effects of dexamethasone on rebound pain after the block
effect has worn off. The aim of this study was to investigate the effect on postoperative pain when dexamethasone was added to ISBPB
for arthroscopic rotator cuff repair (ARCR).

Methods: In this multicenter, single-blinded, and randomized controlled study, 54 patients (33 males, 21 females) who received ARCR
were randomly assigned to group L (ISBPB with 20 cc of 0.25% levobupivacaine; 21 patients) or group LD (ISBPB with 20 cc of 0.25%
levobupivacaine + 3.3 mg dexamethasone; 33 patients). The primary outcome was the visual analog scale (VAS) for pain after the block
effect had worn off. Secondary outcomes were the duration of analgesia, the time to the first request for additional analgesic, the number
of additional doses of analgesic, and complications.

Results: The VAS scores on postoperative days 0 and 1 were significantly lower in group LD than group L (P =.005, .035). This indi-
cated that the rebound pain was relieved in group LD. After postoperative day 1, there was no significant difference in VAS score (P =
.43 and .19 for days 2 and 3, respectively). The duration of analgesia was significantly longer in group LD than group L (P <.001). The
time to the first request for additional analgesic was significantly longer in group LD than group L (P <.001). The number of additional
doses of analgesic was significantly lower in group LD (P < .001).

Conclusion: In ARCR, the addition of dexamethasone to levobupivacaine not only prolongs the duration of ISBPB but also relieves
rebound pain after the block effect wears off.

Level of evidence: Level I; Randomized Controlled Trial; Treatment Study
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Shoulder surgery often results in severe postoperative
pain, regardless of whether the procedure is performed via
an open or arthroscopic approach.”'®?” It is, therefore,
extremely important to manage postoperative pain to
minimize the perioperative use of opioids and other anal-
gesics and to improve patient satisfaction. To this end,
several different modalities such as peripheral nerve block
(PNB), subacromial or intra-articular infiltration of local
anesthetic, and administration of opioid or nonopioid an-
algesics are used for intensive postoperative pain
management. ™' *'%?1-223335 - Among  these  modalities,
interscalene brachial plexus block (ISBPB) is widely used
for pain control for shoulder surgery and is applied as
single-shot or continuous ISBPB.'*'®*" Although contin-
uous ISBPB provides prolonged analgesia, insertion and
fixation of the catheter in an appropriate position are
technically challenging,'' and the procedure is associated
with the risk of adverse events such as inadequate anal-
gesia, catheter malposition, and accidental catheter
removal.”*! On the other hand, single-shot ISBPB is rela-
tively easy to perform and offers temporary relief of post-
operative pain, which can reduce the requirement for
perioperative opioids or other postoperative analge-
sics.'”'?*7 However, the analgesic effects of single-shot
ISBPB are short lived, and patients often complain of se-
vere pain after the block effect wears off,''"-'7->32%20

Recently, we reviewed many studies in which dexa-
methasone was administered in addition to local anesthetics
to prolong the duration of the analgesic effect of single-shot
PNB.7:14:16:20.22.27.29.30 Ajthough this approach addresses
the limited effect duration of local anesthetics, the efficacy
of the addition of dexamethasone for intense pain in the
first few hours after the effects of ISBPB subside (rebound
pain)"*'"-****?° has not yet been investigated.

The aim of this study was to compare postoperative pain
after arthroscopic rotator cuff repair (ARCR) between pa-
tients who received single-shot ISBPB without dexameth-
asone and those who received single-shot ISBPB with
dexamethasone.

We hypothesized that the addition of dexamethasone to
ISBPB would prolong the duration of analgesia and reduce
rebound pain.

Materials and methods

This study was a multicenter, single-blinded, and randomized
controlled trial. Written informed consent was obtained from pa-
tients who were scheduled to undergo ARCR with single-shot
ISBPB under general anesthesia. The participating institutions
included 2 private orthopedic hospitals.

A total of 54 consecutive patients who received ARCR from
April to August 2018 were eligible to participate in the study.
Patients were excluded from the analysis if they had diabetes
mellitus, allergy to levobupivacaine or dexamethasone, surgery on
both shoulders, or inability to answer questions about post-
operative status due to dementia or psychiatric disease.

Randomization and blinding

The procedure of ISBPB was performed by 1 of 5 anesthesiolo-
gists. Two anesthesiologists performed ISBPB using local anes-
thetic only, whereas 3 performed ISBPB with dexamethasone. The
allocation of anesthesiologists to procedure was determined at the
start of the study. Precise information regarding the administered
drugs was not provided to patients. Patients were assigned to
anesthesiologists automatically by the day and time of surgery.

Group LD

Patients in group LD received single-shot ISBPB with 20 cc of
0.25% levobupivacaine (Maruishi Pharmaceutical, Osaka, Japan)
plus 3.3 mg of dexamethasone (Aspen Japan, Tokyo, Japan).

Group L

Patients in group L received single-shot ISBPB with 20 cc of
0.25% levobupivacaine.

Anesthetic techniques and operative procedures

All patients were placed in the supine position and received stan-
dardized general anesthesia using intravenous propofol, remi-
fentanil, and rocuronium, and supplemental oxygen and air
administered via laryngeal mask airway. The anesthesiologist per-
formed ISBPB under general anesthesia with ultrasound guidance
(Venue 40; GE Healthcare Japan, Tokyo, Japan). The brachial
plexus nerve between the anterior and middle scalene was detected
by the ultrasound scan of the cervical region. After sterilization of
the aspiration point, the agent was injected under ultrasound guid-
ance using a 23-gauge long needle. The type of agent was recorded
by the anesthesiologist, and then ARCR was performed in the same
manner by 1 of 4 orthopedic surgeons. Acromioplasty was per-
formed in all cases. Small or medium cuff tear (which was evaluated
intraoperatively using arthroscopy and classified using the Cofield
classification’) was fixed by suture bridge repair*® and large or
massive tear by surface-holding repair.**

Postoperative management and evaluations

After surgery and general anesthesia, patients were transferred to
the general ward. Patients could request rescue analgesics (sup-
pository [diclofenac sodium 25 or 50 mg], intravenous drip
[flurbiprofen axetil 50 mg], or oral [loxoprofen 60 mg] adminis-
tration of nonsteroidal anti-inflammatory drugs, or intramuscular
injection of 15 mg pentazocine) at any time. Postoperatively, basic
analgesics (loxoprofen 180 mg/d or acetaminophen 1200 mg/d if
the patient had bronchial asthma or was allergic to loxoprofen)
were administrated after each meal from postoperative day 1. No
oral or intravenous opioids were used during the postoperative
period. Patients completed a questionnaire about the time of the
first appearance of pain at the surgical site, level of pain 6 hours
after ISBPB, and maximum pain on the day of surgery and
postoperative days 1, 2, and 3. We used the visual analog scale
(VAS) to confirm the severity of postoperative pain. Nurses
recorded the time of the first request for analgesic and the number
of additional doses of analgesic during the 4 days after surgery.
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The duration of analgesia was considered to be indicated by the
time interval between the administration of ISBPB and the time at
which postoperative pain was first experienced. Complications
related to ISBPB such as persistent nerve palsy, infection, and
hematoma were also evaluated.

The primary outcome was the VAS for pain after the block
effect had worn off. Secondary outcomes included the duration of
analgesia, the time to the first request for additional analgesic, the
number of additional doses of analgesic, and complications.

Statistical analysis

All statistical analyses were performed with EZR (Saitama
Medical Center, Jichi Medical University, Saitama, Japan), which
is a graphical user interface for R (The R Foundation for Statis-
tical Computing, Vienna, Austria). More precisely, it is a modified
version of R commander designed to add statistical functions
frequently used in biostatistics. Continuous variables were
expressed as mean + standard deviation or median [interquartile
range]. Categorical variables were analyzed using the x> or
Fisher’s exact tests. Age, body mass index, VAS score, and the
number of additional doses of analgesic were compared between
the 2 groups using the Mann-Whitney U test. The duration of
analgesia and the time to the first request for additional analgesic
were analyzed by Kaplan-Meier survival analysis with the log-
rank test. Data were censored 84 hours after ISBPB. Patients
who did not report any pain were censored for overall survival
analysis. The level of significance was set at P < .05.

Results

Among the 54 patients who received ARCR between April
and August 2018, 21 were randomized to group L and 33
were randomized to group LD. There were no significant
differences in age, sex, or size of the torn rotator cuff be-
tween the 2 groups (Table I).

The VAS score for pain was not significantly different
between the 2 groups at 6 hours postoperatively (Fig. 1,
Table IT). However, the maximum VAS scores for pain on

Table I  Patients” demographic variables
Variables Group L Group LD P
value
Age (yr) 62.1 £ 11.0 63.6 & 10.4 .71
Sex (male/female) 11/10 22/11 WA
Body mass index 24.5 + 1.6 24.6 £ 0.6 1
(kg/m?)
Size of tear 18/3 29/4 1
(small, medium/large,
massive)

Continuous data are presented as mean =+ standard deviation, and
categorical data as number.

Group L received interscalene brachial plexus block with 0.25% lev-
obupivacaine (20 cc). Group LD received interscalene brachial plexus
block with 0.25% levobupivacaine (20 cc) + 3.3 mg dexamethasone.
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Figure 1  The line plot of postoperative VAS for pain (median) in

the 2 study groups. Group L received interscalene brachial plexus
block with 0.25% levobupivacaine (20 cc). Group LD received
interscalene brachial plexus block with 0.25% levobupivacaine (20
cc) + 3.3 mg dexamethasone. VAS, visual analog scale; POD,
postoperative day. * Statistically significant (P < .05).

the day of surgery and postoperative day 1 were signifi-
cantly lower in group LD than group L. On days 2 and 3,
this difference was no longer significant. The maximum
VAS for pain over the 4 postoperative days was signifi-
cantly lower in group LD than group L.

The duration of analgesia was significantly longer in group
LD than group L (median survival time of group LD, 24.0
hours and group L, 14.5 hours) (P <.0001) (Table II, Fig. 2).

The time to the first request for additional analgesic was
significantly longer in group LD than group L (mean sur-
vival time of group LD, 52.1 hours and group L, 27.8
hours) (P <.0001) (Fig. 3). The percentage of patients who
did not request additional analgesic was 39.4% and 14.3%
in groups LD and L, respectively (P = .096).

The number of additional doses of analgesic during the 4
postoperative days was significantly lower in group LD
than group L (Table II).

No postoperative complications related to ISBPB were
observed.

Discussion

In this multicenter, single-blinded, and randomized
controlled study, we found that the addition of dexameth-
asone to ISBPB significantly reduced the postoperative pain
on the day of surgery as well as on postoperative day 1,
although this effect was not observed on postoperative days
2 and 3.

Many previous studies have investigated the effect of the
addition of dexamethasone to PNB with regard to postoperative
pain. Several of these have reported postoperative pain to be
reduced by the addition of dexamethasone;z’20 however, these
studies only evaluated pain during the time that PNB was
maintained, and the impact of dexamethasone on pain experi-
enced after the block effect had worn off has not been reported.
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Table II  Postoperative VAS for pain, duration of analgesia, and additional usage of analgesic

Group L Group LD P value
VAS for pain (6 h after ISBPB) 0 [0-0] 0 [0-0] .66
VAS for pain (maximum of operation day) 3.2 [0-7.5] 0 [0-1.3] .005*
VAS for pain (maximum POD1) 5.2 [3.7-7.3] 2.8 [1.6-5] .035*
VAS for pain (maximum POD2) 3.7 [1.4-5] 2.0 [1.2-4.8] 43
VAS for pain (maximum POD3) 1.3 [0.5-3] 0.6 [0-2.4] .19
VAS for pain (maximum for 4 d) 7.1 [4.1-8.6] 4.6 [1.7-7] .02*
Duration of analgesia (h) 14.5 [13-15] 24.0 [18.5-26.5] <.0001°*
Number of additional doses of analgesic 3 [2-4] 1 [0-2] .0016 *

VAS, visual analog scale; ISBPB, interscalene brachial plexus block; POD, postoperative day.
Continuous variables were expressed as median [interquartile range] except the duration of analgesia, which is expressed as median survival time [95%
confidence interval]. Group L received interscalene brachial plexus block with 0.25% levobupivacaine (20 cc). Group LD received interscalene brachial

plexus block with 0.25% levobupivacaine (20 cc) + 3.3 mg dexamethasone.

* Statistically significant (P < .05).

Other studies have reported reduced pain after the analgesic
effects of PNB have worn off.'>'® Although these studies do
not discuss the effect of the addition of dexamethasone on
rebound pain, these results are consistent with our findings. In
the present study, on the day of surgery, the maximum VAS for
pain in group LD was significantly lower than that in group L
due to the residual effects of ISBPB by dexamethasone. On
postoperative day 1, even when the effect of the block had worn
off for both groups, the maximum VAS for pain was still
significantly lower among patients who had received dexa-
methasone. Patients who received local anesthetic only re-
ported a maximum pain score of VAS point 5 on postoperative
day 1; this increase in pain represents rebound pain. After
postoperative day 1, the significant difference in pain scores
between the 2 groups disappeared as postoperative pain itself
was gradually alleviated. Therefore, we found that controlling
severe pain is highly important until postoperative day 1 to
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The duration of ISBPB
Figure 2 Kaplan-Meier survival plot showing the duration of

interscalene brachial plexus block (ISBPB) in the 2 study groups.
Group L received ISBPB with 0.25% levobupivacaine (20 cc).
Group LD received ISBPB with 0.25% levobupivacaine (20 cc) +
3.3 mg dexamethasone. Median survival time: group LD = 24.0
hours, group L = 14.5 hours. * Statistically significant (P < .05).

relieve rebound pain. Taken together, the results of this study
provide sufficient evidence that dexamethasone relieves pain
beyond the duration of the analgesic effect of PNB. Thus, it is
possible that dexamethasone can effectively attenuate rebound
pain.

According to an in vivo animal study, which used a
mouse sciatic nerve block model, rebound hyperalgesia
induced by bupivacaine can be prevented by the adminis-
tration of perineural dexamethasone through the prevention
of bupivacaine-induced Schwann cell degeneration.” It is
possible that perineural dexamethasone could prevent the
transient neurotoxicity of bupivacaine, thus guarding
against demyelination and Schwann cell degeneration,
resulting in the reported antinociceptive and antineurotoxic
effects in the mouse sciatic model. Perineural administra-
tion of dexamethasone in addition to a clinical
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The time to the first additional analgesic request
Figure 3  Kaplan-Meier survival plot showing the time to the

first request for additional analgesic in the 2 study groups. Group
L received interscalene brachial plexus block with 0.25% levo-
bupivacaine (20 cc). Group LD received interscalene brachial
plexus block with 0.25% levobupivacaine (20 cc) + 3.3 mg
dexamethasone. Median survival time: group LD = 52.1 hours,
group L = 27.8 hours. * Statistically significant (P < .05).
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concentration of bupivacaine could prolong the duration of
sensory and motor blockade of the sciatic nerve, as well as
preventing bupivacaine-induced reversible neurotoxicity
and short-term rebound hyperalgesia after resolution of the
block. The hyperalgesia described in that study is likely to
be correlated with the clinically important phenomenon of
rebound pain; although the mouse study involved different
anesthetics, the results are consistent with our findings,
which suggest the efficacy of dexamethasone for alleviation
of postoperative pain.

Although the underlying mechanism of the prolongation of
PNB and pain relief by dexamethasone is not fully understood,
it is considered to involve direct block of transmission in
nociceptive C-fibers,'” perineural vasoconstriction with
concomitant slower absorption of local anesthetics,” and
systemic antiinflammatory effects. There is currently no
consensus as to whether dexamethasone in PNB exerts a
systemic antiinflammatory effect. Several studies have
demonstrated that the intravenous and perineural administra-
tion of dexamethasone cause equivalent increases in the
duration of the analgesic effect of single-shot PNB with local
anesthetic.”” " It is likely that the blood concentrations of
dexamethasone will differ according to the administration
method; therefore, there is a possibility that the mechanism of
action of dexamethasone also varies according to adminis-
tration route. Castillo et al® reported that dexamethasone
injected to 1 sciatic nerve of rats does not prolong blockade
from bupivacaine microspheres injected to the contralateral
nerve. Consequently, it is difficult to consider that dexameth-
asone added to PNB exerts a systemic anti-inflammatory effect
stronger than the local effect. A recentin vivo investigation has
demonstrated the antinociceptive and antineurotoxic effects of
dexamethasone in a mouse sciatic nerve block model.> Thus, it
can be presumed that dexamethasone prolongs the duration of
analgesia in PNB by inducing vasoconstriction with
concomitant slower absorption, relieving pain severity by
blocking nerve transmission and preventing neurotoxic ef-
fects. However, because high doses of local dexamethasone
may produce systemic effects, further investigation should be
conducted to confirm this suggestion.

In summary, the addition of dexamethasone to local
anesthetic has an advantage of prolonging the duration of
analgesia and relieving rebound pain after the effect of
PNB wears off. These effects can also reduce the require-
ment for additional analgesics. The impact of this strategy
extends to various indirect benefits, including improve-
ments in postoperative patient satisfaction and overall
reduction of medical costs. Another noteworthy point
described in the present study is that no opioids are required
to sustain postoperative analgesia. The administration of
opioids as postoperative analgesia is often accompanied by
concerns relating to respiratory depression, sedation,
nausea, vomiting, and so on.”® Furthermore, the social issue
of an opioid epidemic has been reported due to over-
prescribing and misuse of these narcotics.'” The addition of
dexamethasone to local anesthetic represents a beneficial

strategy toward the goal of decreasing postoperative opioid
use through prolonged analgesic effects and relief of
rebound pain.

The present study has some limitations that should be
acknowledged. First, 4 different surgeons performed the sur-
geries, and ISBPB was performed by 5 different anesthesiol-
ogists. We cannot rule out the possibility that the skill level and
general approach of each surgeon and anesthesiologist
impacted the findings and extent of postoperative pain expe-
rienced by individual patients. Second, postoperative pain and
the VAS rating for pain are subjective; thus, a patient’s rating of
pain levels may not be representative. It has been reported that
mental illness, comorbidities, and other factors affect the
postoperative pain of shoulder arthroplasty.”® These factors or
sleep status may have affected the results. Third, the analgesics
used were not the same for each patient. Patients were
generally administered loxoprofen; however, those with
bronchial asthma or allergies to loxoprofen were given acet-
aminophen and were unable to use diclofenac as additional
medication. This may have affected the duration of analgesia,
the amount of analgesic required, and postoperative pain.
Fourth, the duration of analgesia is different to the real dura-
tion of the analgesic effect because some patients do not
experience postoperative pain due to the effect of ISBPB and
analgesics. Fifth, 68 patients would need to be included in each
of the 2 study groups to achieve a statistical power of 80% for
the VAS score. The limited sample size of this study thus re-
duces the impact of the final conclusions. Finally, we did not
evaluate preoperative shoulder pain. Previous studies have
reported that preoperative pain affects postoperative pain in
shoulder surgery, which may have influenced the VAS scores

in the present study.””’

Conclusion

The addition of dexamethasone to ISBPB not only pro-
longs the duration of analgesia but also relieves rebound
pain after the block effect wears off, thus decreasing the
total usage of analgesics. This can be an option to mini-
mize the disadvantages of single-shot ISBPB.

Disclaimer

The authors, their immediate families, and any research
foundations with which they are affiliated have not
received any financial payments or other benefits from any
commercial entity related to the subject of this article.
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