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Abstract
Background: Rebound pain after a single-shot nerve block challenges the real benefit of this technique. We aimed
to investigate whether perineural dexamethasone addition decreased the incidence of rebound pain after a singleshot nerve block.
Methods: We randomly allocated 132 patients scheduled for open reduction internal fixation of an upper extremity
closed fracture under single-shot peripheral nerve block and sedation into two groups. Patients in the
dexamethasone group received nerve block with 0.375% ropivacaine and 8 mg dexamethasone, while those in the
control group received ropivacaine only. Sixty-three patients in the dexamethasone group and 60 patients in the
control group were analyzed for the incidence of rebound pain 48 h after block administration, which was the
primary outcome. The secondary outcomes included the highest self-reported numeric rating scale (NRS) pain
score, and NRS at 8, 12, 24, and 48 h after the block, sufentanil consumption, sleep quality on the night of surgery,
patient satisfaction with the pain therapy, blood glucose at 6 h after the block, pain and paresthesia at 30 days after
surgery.
Results: The incidence of rebound pain was significantly lower in the dexamethasone group (7 [11.1%] of 63
patients) than in the control group (28 [48.8%] of 60 patients [RR = 0.238, 95% CI (0.113–0.504), p = 0.001].
Dexamethasone decreased opioid consumption in 24 h after surgery (p < 0.001) and improved the sleep quality
score on the night of surgery (p = 0.01) and satisfaction with pain therapy (p = 0.001). Multivariate logistic
regression analysis showed that only group allocation was associated with the occurrence of rebound pain [OR =
0.062, 95% CI (0.015–0.256)]. Patients in the dexamethasone group reported later onset pain (19.7 ± 6.6 h vs
14.7 ± 4.8 h since block administration, mean ± SD, p < 0.001) and lower peak NRS scores [5 (3, 6) vs 8 (5, 9), median
(IQR), p < 0.001] than those in the control group.
Conclusions: The perineural administration of 8 mg dexamethasone reduces rebound pain after a single-shot nerve
block in patients receiving ORIF for an upper limb fracture.
(Continued on next page)
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Background
Peripheral nerve block (PNB) plays an essential role in
anesthesia and multimodal postoperative analgesia in extremity surgeries. It provides multiple benefits, including
reducing opioid consumption, better early postoperative
pain control and faster hospital discharge [1–3]. However, rebound pain during nerve blocks wear off challenges the real benefit of this technique, especially in
ambulatory surgery settings [4]. For patients receiving
ambulatory surgery, rebound pain is challenging to prevent or control, especially when it happens at home,
which is a common cause of unplanned readmission to
the hospital [5]. Initially focused on by orthopedic surgeons, rebound pain after nerve block is gaining increasing attention from anesthesiologists [6–8]. It has been
reported after different kinds of surgeries, such as ankle
fracture surgery under popliteal sciatic nerve block [9],
distal radius fracture fixation under brachial plexus
block [10] and shoulder arthroscopy surgery under interscalene brachial plexus block [11]. Understanding the
mechanism and searching for strategies to prevent rebound pain is integral to the effective utilization of regional anesthesia.
Uncompliant bridging therapy is supposed to be the
main reason for the rebound phenomenon during PNB
wear off. However, based on the duration of action of
ropivacaine or bupivacaine, the most commonly used
local anesthetics for nerve block, there is a chance that
the pain burst happens at night when the patient cannot
take bridging medicine beforehand. The continuous infusion of local anesthetics through the perineural catheter may reduce the incidence of rebound pain [12].
Nevertheless, perineural catheterization is technically
challenging and has the disadvantages of possible dislocation and local infection [13]. Apart from perineural
catheter, perineural liposomal bupivacaine holds promise
in providing superior pain relief with reduction of postoperative opioids. In 2018, liposomal bupivacaine was
approved for interscalene nerve block. VandePitte et al.
[14] examined the effects of a mixture of liposomal bupivacaine and standard bupivacaine for interscalene brachial plexus block, compared with standard bupivacaine
alone in the setting of multimodal postoperative pain
management for major shoulder surgery. The primary
outcome measure, worst pain reported by patients, was
lower throughout the first week for liposomal

bupivacaine, a mean value of 3.6 versus 5.3 on a 0–10
scale. However, opioid consumption, time to first opioid,
sleep duration, and adverse effects were not different between the groups. No details of rebound pain was reported in VandePitte’s study. If proven to be safe and
effective, adjuvants to local anesthetics could be a useful
and economic strategy to prevent rebound pain. The effect of adjuvants to local anesthetics on rebound pain
has not yet been thoroughly investigated. Dexamethasone, as a commonly used adjuvant to local anesthetics,
prolongs the duration of brachial plexus block without
adverse reactions [15]. An K et al. found that perineural,
not systemic, dexamethasone added to a clinical concentration of bupivacaine may not only prolong the duration of sensory and motor blockade but also prevent
bupivacaine-induced reversible neurotoxicity and shortterm “rebound hyperalgesia” in a mouse sciatic nerve
block model [16]. To our knowledge, there have been no
randomized controlled studies examining the effect of
dexamethasone addition on the incidence of rebound
pain. We hypothesized that the addition of dexamethasone to ropivacaine could reduce the incidence of rebound pain after single-injection nerve block.

Methods
This single-center, randomized, double-blind controlled
study was approved by the Ethics Committee of
Zhongshan Hospital, Fudan University (B2016-079R).
Written informed consent was obtained from patients
before study enrollment by the investigator. This study
followed the Consolidated Standards of Reporting Trials
(CONSORT) reporting guidelines.
Participants

We enrolled patients scheduled for open reduction internal fixation (ORIF) of a closed fracture in the upper
extremity under single-shot peripheral nerve block and
sedation at Zhongshan Hospital, Fudan University between November 2016 and February 2018. The inclusion
criteria were patients aged over 18 years with an ASA
physical status of 1 or 2 who had adequate Chinese language skills and a clear understanding of the numerical
rating scale (NRS) of pain. The exclusion criteria included patients who refused, those with multiple injuries
requiring other surgeries or pain medications, those with
preoperative nerve injury, those with a known allergy to
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ropivacaine or dexamethasone and those with chronic
analgesic use. The patients were randomly assigned in a
1:1 ratio to one of two groups (the Dexamethasone and
Control groups) according to a computer-generated random number table with SPSS version 23.0 (SPSS Inc.,
Chicago, Illinois, USA). This allocation was concealed
using a sealed opaque envelope that was opened only
after the patients were enrolled. Regional medications
were prepared by a research nurse who was not involved
in the follow-up or care of the patients. The patients, anesthesiologists and outcome assessors were blinded to
the group allocation. The physician in charge of generating the allocation sequence and concealment (Fang Du)
was not directly involved in the treatment administration
or data collection.
Application of PNB

The patients received ultrasound-guided single-shot nerve
block with 40 mL 0.375% ropivacaine and 8 mg dexamethasone in the Dexamethasone group (n = 66) and with
40 mL 0.375% ropivacaine alone in the Control group
(n = 66). Premedication included midazolam 1–2 mg i.v.
and fentanyl 50 μg i.v. The same regional anesthetist performed the ultrasound-guided nerve block using a highfrequency linear ultrasound probe. The timing of block
administration was recorded. Surgeries for lateral third of
clavicle and proximal humeral fractures were performed
under combined superficial cervical plexus with interscalene or supraclavicular brachial plexus block. Forearm
fracture surgeries involving the musculocutaneous nerve
innervation area were performed under axillary brachial
plexus block combined with musculocutaneous nerve
block in the fascial plane between the biceps and the coracobrachialis muscle. For the combined blocks, 40 mL local
anesthetic were divided into 10 mL for the superficial cervical plexus block or musculocutaneous nerve block and
30 mL for the brachial plexus block. The effect of the
block was evaluated based on the sensation of pin prick 30
minutes after the block.
Anesthesia

Standard monitoring was applied, including ECG, BP,
HR and SpO2. The patients were sedated with dexmedetomidine infusion with a loading dose of 1 μg·kg− 1 in 15
min and then at the rate of 0.5 μg·kg− 1·h− 1 until the surgeon finished the internal fixation. Tropisetron 5 mg i.v.
was given at the end of the surgery for postoperative
nausea and vomiting prevention. Paracetamol 2 g intravenous (i.v.) drip and parecoxib 40 mg i.v. were given 30
min before the end of surgery.
Postoperative analgesia protocol

Postoperative multimodal analgesia included patient
control intravenous analgesia (PCIA) with 2 μg·h− 1
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background infusion of sufentanil, 4 μg per bolus, and a
lockout time of 6 min as well as parecoxib 40 mg i.v.
every 12 h. The patients were instructed to push the selfcontrol button when they felt the numbness of the arm
waning. The background infusion was set to maintain a
stable blood concentration of sufentanil when rebound
pain broke through.
Outcomes

One of our investigators blinded to the allocation details
followed the patients’ pain intensity evaluated by NRS
(0–10) at 8, 12, 24, and 48 h after the block and asked
them to describe their experience when the block wore
off. To avoid interrupting the patients’ night sleep, if the
prescheduled follow-up time point fell between 9 pm
and 8 am, the patient recorded a pain dairy (Supplement
1) when moderate or severe pain occurred. The other investigators who did not know the group allocation and
was not involved in the follow-up decided whether it fit
the criteria of rebound pain according to patients’ descriptions. Based on our preliminary observation, we empirically defined rebound pain as severe pain (NRS > 7)
that occurs suddenly and cannot be relieved after a
PCIA bolus in 30 min; if pain occurs during sleep, it
wakes up the patients and makes it difficult for them to
go back to sleep. A self-reported sleep questionnaire
(Supplement 2), which included six yes-or-no questions,
was used to investigate perioperative sleep quality. A
score of 1 represents the best sleep, and a score of 6 represents the worst sleep.
The primary outcome of this study was the incidence
of rebound pain 48 h after block administration. The
secondary outcomes included the highest self-reported
NRS score and the hours elapsed since the block administration when the worst pain happened, the pain intensity at 8, 12, 24, 48 h after the block, sufentanil
consumption at 24 and 48 h after the block, sleep quality
on the night of surgery, patient satisfaction with postoperative pain therapy grading from 1 (strongly unsatisfied)
to 5 (strongly satisfied), blood glucose at 6 h after the
block, and pain and paresthesia at 30 days after surgery
followed by phone call.
Statistical analysis

The sample size calculation was based on our preliminary observational results that 60% of patients suffered
from severe pain (NRS ≥ 7) after ORIF with a single-shot
nerve block. We assumed that a 22% decrease in rebound pain incidence with the addition of dexamethasone was clinically significant. With 80% power, 61
patients in each group were required to detect this difference at a significance level of 0.05. We recruited 132
patients with 66 patients per group to compensate for
the potential drop out.
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Statistical analysis was conducted using SPSS version
23.0 (SPSS Inc., Chicago, Illinois, USA). Continuous data
are expressed as the median and interquartile range unless the data was verified to have a normal distribution.
The level of significance was set at p < 0.05, and 95%
confidence intervals were calculated for the primary outcome measures. We performed a preliminary explanatory analysis to examine the relationships between
potential covariates and the dependent variable, rebound
pain, as well as the independent variable, group allocation. The Mann-Whitney U test was used for the continuous variables, including days after injury, sleep
quality score the night before surgery and patients’s satisfactory score. Based on the type of the distribution;
chi-square tests were used to assess the associations between the categorical covariates, including surgeon,
block type (single or combined approach), fracture location, brachial nerve approach and use of tourniquet. The
variance analysis of repeated measurements was used for
the NRS socres before and after the surgery.
If the prescheduled follow-up time point fell between
9 pm and 8 am, we used the following data reconciliation
strategy for the NRS score: according to the patient’s
pain diary, if the follow-up time point was before the
first reported pain appeared, the resting and exercise
NRS scores at that time point were considered to be 0; if
the follow-up time point was later than when the initial
pain appeared and earlier than the most severe pain that
happened, the NRS score at this point was considered to

Fig. 1 CONSORT diagram of patient recruitment
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be the mean value of the first NRS higher than 0 and the
highest NRS score (rounded down); if the follow-up time
point was later than the most severe pain that happened
and the patient described that the pain did not alleviate,
the highest pain score was taken as the NRS at that
point. If the patient did not describe when the pain was
relieved, the data at that time point were considered
missing.

Results
We assessed 140 patients for eligibility; of these, eight
patients declined to participate and were thus excluded.
In total, 132 patients were enrolled and randomized.
The CONSORT flow diagram is shown in Fig. 1. Three
patients in each group were considered lost to follow-up
due to being discharged after the surgery without any
follow-up data. Three patients in the control group were
excluded because they refused to use PCIA immediately
after the surgery. Finally, 63 patients in the dexamethasone group and 60 patients in the control group were included in the per-protocol analysis.
The baseline demographic, anesthetic and surgical
characteristics of both groups were comparable, with no
statistically significant differences (Table 1). The PNBs
provided sufficient anesthesia for all operations.
The incidence of rebound pain was significantly lower
in the dexamethasone group [7 (11.1%) of 63 patients]
than in the control group [28 (48.8%) of 60 patients]; the
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Table 1 Demographic, anesthetic and surgical characteristics of the patients. Values are the mean (SD) or number
p value

Dexamethasone
(n = 63)

Control
(n = 60)

Age, y

54.6 (17.3)

54.1 (16.1)

0.646

Sex (Male/Female)

23/40

24/36

0.714

ASA classification (I/II)

30/33

29/31

1.000

Time from injury to surgery, days

5.2 (3.1)

6.2 (4.8)

Fracture location

0.08
0.30

Clavicle

6

11

Proximal humerus

23

24

Elbow joint

12

5

Wrist joint

15

11

Metacarpal

6

8

Phalange

1

1

A

36

36

B

18

16

Others

9

8

Surgeon

0.95

Tourniquet (Y/N)

32/31

23/37

0.17

Combined/Single block approach

24/39

32/28

0.09

Interscalene approach

30

33

Supraclavicular approach

9

15

Axillary approach

24

12

Brachial nerve block approach

0.062

Combined approach: combination of interscalene brachial plexus and superficial cervical plexus block or axillary brachial plexus and musculocutaneous
nerve block

relative risk (RR) was 0.238, 95% CI 0.113–0.504, p =
0.001.
The patients in the two groups showed different pain
profiles when the block wore off. The highest selfreported NRS score and the onset time since PNB administration according to the patients’ pain diary of all
the participants are shown in Fig. 2. The highest selfreported pain scores were 5 (3, 6) [median (IQR)] in the
dexamethasone group and 8 (5, 9) [median (IQR)] in the
control group (p < 0.001). The patients in the dexamethasone group reported the highest pain score at
19.7 ± 6.6 h (mean ± SD) since block administration,
while those in the control group reported the most severe pain at 14.7 ± 4.8 h (mean ± SD) after block
administration.
In univariate analysis, group allocation (p = 0.000),
block type (single or combination, p = 0.042), brachial
nerve block approach (p = 0.070), usage of tourniquet
(p = 0.070), NRS pain score with movement (p = 0.047)
before block administration and sleep quality score on
the night before surgery (p = 0.066) were found to be
significantly associated with rebound pain (marginally
significant); thus, we included these factors and fracture
location (p = 0.430) in multivariate logistic regression

analysis. Finally, only group allocation was found to be
significantly related to the occurrence of rebound pain
(Table 2). Dexamethasone addition into ropivacaine is a
protective factor against rebound pain [OR = 0.062, 95%
CI (0.015–0.256)].
There is a significant difference in the trend of NRS
scores between the two groups (rest: p = 0.004; motion:
p = 0.038). For the NRS scores at postoperative followup time points, a significant difference between the
groups existed only at 12 h after block administration,
both at rest (p = 0.006) and during activity (p = 0.001)
(Fig. 3).
The cumulative sufentanil consumption and invalid
press percentage were significantly lower in patients receiving ropivacaine with dexamethasone than in those
without dexamethasone 24 h after the block (p < 0.05).
No difference was found in opioid consumption between
the two groups 48 h after block administration (Table 3).
We also compared the sleep quality scores and patient
satisfaction with pain control therapy and found that patients who received the ropivacaine and dexamethasone
combination reported better sleep quality on the night
of surgery and more satisfaction with pain therapy
(Table 4).
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Fig. 2 Scatter plots of the highest reported NRS scores in 48 h after block administration in the Dexamethasone group (circles) and the Control
group (asterisk)

We then investigated whether the addition of dexamethasone caused hyperglycemia. It appeared that patients in both groups showed blood glucose elevation at
8 h after the surgery, but no statistically significant difference was found between the two groups. During the
telephone follow-up at 30 days after the surgery, none of
the patients complained of paresthesia in the block area
or chronic pain at the surgical site.

Discussion
Perineural dexamethasone is an effective adjuvant used
to prolong the duration of the sensory block after regional anesthesia [17]. However, whether it can alleviate
the rebound phenomenon after nerve block remains to
be investigated. Our study demonstrated that when
added to 0.375% ropivacaine, 8 mg of dexamethasone effectively reduced the incidence of rebound pain in patients receiving ORIF for an upper extremity fracture
under single-injection nerve block. The addition of dexamethasone not only prolonged the duration of the sensory block but also reduced opioid consumption 24 h
after block administration; moreover, it decreased the
pain intensity at the point patients described as the most
severe pain after the block. Patients who received the
addition of perineural dexamethasone reported better
sleep quality on the night of surgery and higher satisfaction with postoperative pain therapy.

Rebound pain following single-shot nerve block is a
clinically relevant but less valued phenomenon that even
diminishes the real benefit of peripheral nerve block in
some surgeries [7, 8, 18]. Patients undergoing surgical
repair of distal radius fractures experienced different
pain profiles after general anesthesia compared with a
peripheral nerve block. Although patients with brachial
plexus block had less pain immediately after the procedure, 12 h to 24 h later when the block wore off, their
pain was greater than that of patients in the general
anesthetic group [10].
The mechanism of rebound pain remains poorly
understood. The fading of the nerve block is insufficient
to explain why there are a certain number of patients
who do not experience the outbreak of excruciating pain
during the block wear off. It was also noticed that the rebound pain does not respond to intravenous opioid administration [6]. We found that although we provided a
background infusion of a high lipid-soluble opioid,
sufentanil, to maintain a steady blood concentration and
a relatively short lockout time of 6 min in PCA, the patients who suffered from rebound pain were still not relieved by PCA administration. In Williams’ study [19],
some patients described rebound pain as an intense
burning pain initially as the nerve block resolves. This
evidence might suggest a neuropathic instead of a nociceptive component of rebound pain after nerve block.
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Table 2 Results of multivariate logistic regression analysis for
rebound pain
OR

95%CI

p value

0.015–0.256

0.000

Group
Control

1

Dexamethasone

0.062

Fracture location
Clavicle

1

Proximal humerus

2.060

0.404–10.518

0.385

Elbow joint

3.245

0.054–194.966

0.573

Wrist joint

0.364

0.004–35.899

0.666

Metacarpal

0.510

0.004–60.558

0.783

Phalange

1.468

0.007–312.562

0.888

0.043–5.101

0.533

Block approach
Combined

1

Single

0.467

Brachial nerve block approach
Interscalene approach

1

Supraclavicular approach

0.324

0.025–4.123

0.385

Axillary approach

0.288

0.021–3.911

0.350

0.584–581.288

0.098

Usage of tourniquet
Y

1

N

18.423

Preoperative motion NRS
Pain free (NRS = 0)

1

Mild pain (NRS 1–3)

3.653

0.268–49.834

0.331

Moderate pain (NRS 4–6)

10.574

0.852–131.189

0.066

Severe pain (NRS 7–10)

6.399

0.508–80.647

0.151

Preoperatibe sleep quality score
0

1

1

0.447

0.099–2.006

0.293

2

1.774

0.454–6.933

0.410

3

0.224

0.019–2.615

0.233

4

12.147

0.923–159.781

0.058

5

1.239

0.055–27.847

0.893

6

1.137

0.081–16.050

0.924

Kolarczyk’s study on rats [20] found that 0.5% ropivacaine induced transient heat hyperalgesia in the setting
of resolved mechanical analgesia. Early studies have also
suggested that local anesthetics can cause nerve swelling
and alter the permeability of the outer membrane of the
nerve, leading to abnormal nerve conduction [15].
Therefore, local anesthetic toxicity and the proinflammatory effect of local anesthetics [21] might contribute to
the occurrence of rebound pain.
Dexamethasone is a highly potent long-acting glucocorticoid. It improves the quality and prolongs the

duration of PNB over LA alone [22]. The mechanism is
not fully understood, but it has been suggested that the
possible mechanism includes attenuating the release of
inflammatory mediators, reducing ectopic neuronal discharge, and inhibiting the potassium channel-mediated
discharge of nociceptive C-fibers [23–25]. K et al. found
that perineural dexamethasone added to a clinical concentration of bupivacaine prevented bupivacaineinduced reversible neurotoxicity and short-term “rebound hyperalgesia” in a mouse sciatic nerve block
model [16]. We demonstrated that adding 8 mg dexamethasone to 0.375% ropivacaine reduced the incidence
of rebound pain from 48.8 to 11.1% after ORIF of upper
extremity fracture under single-shot nerve block.
In Brian Williams’s retrospective study [26] on additives to a single-injection nerve block, the addition of 2
mg of perineural dexamethasone led to a more favorable
rebound pain profile than “other than 2 mg” doses (i.e.,
no dexamethasone or 4 mg total perineural dexamethasone). According to the systemic review, the dose of
dexamethasone utilized in the perineural administration
ranged from 4 mg to 10 mg [27]. We chose 8 mg because
it is a commonly selected dose in studies on the effect of
dexamethasone as an adjuvant to local anesthetics. However, a more recent systematic review from Kirkham KR.
showed that there is currently very low quality evidence
that 4 mg of perineural dexamethasone represents a ceiling dose that prolongs analgesia duration [28]. Whether
a lower dose of dexamethasone provides the same or
better rebound pain profile needs to be investigated, especially in some populations, such as diabetic patients.
Rune S et al. prospectively followed 21 patients scheduled for acute open reduction, and the internal fixation
rebound phenomenon was less pronounced in patients
older than 60 years, whereas most of them suffered from
moderate pain (NRS 4–6) during the block effect wear
off [8]. We did not find an association between rebound
pain incidence and age in the correlation study. However, if grouping the patients by > 60 years or ≤ 60 years,
the patients younger than 60 years had a relatively higher
incidence of rebound pain (31% vs 23%). Whether the
pain trajectory after nerve block changes gradually with
aging or displays a drastic change at a certain age needs
to be clarified in future studies.
It is challenging to define rebound pain after nerve
block. Williams BA et al. [18] described rebound pain
scores as a quantifiable difference between the highest
NRS score after the nerve block wore off and the last
NRS score when the nerve block was still providing pain
relief. From our preliminary results, under most circumstances, rebound pain happens all of a sudden, either at
night or elicited by movements. Based on the findings
from our preliminary observational study, we empirically
defined rebound pain as “severe pain (NRS>7) that
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Fig. 3 NRS scores before and after the block

breaks out in 48 hours after single-shot nerve block,
whether at rest or elicited by movement, and cannot be
relieved by multiple PCIA boluses in 30 minutes; if the
pain occurs during sleep, it wakes up the patients and
makes it difficult for them to go back to sleep”. Lavand’homme P [18] provided a detailed description of the definition and characteristics of rebound pain. Our
definition is similar to that of Lavand’homme P except
that we extend the time limit to 48 h because dexamethasone addition elongates the block duration. We
failed to find a unique description of the pain characteristic as burning or aching, so we eliminated the pain
characteristic as one of the criteria. Since the rebound
phenomenon is hard to detect during regular follow-up,
we gave the diagnosis based on the patients’ self-report
and pain diary. Further studies are needed to unify the
definition of rebound pain to facilitate more randomized
trials in this area.

Although dexamethasone is one of the most common
additives to a nerve block, there are still some safety
concerns. Desmet [29] reported an increase in blood glucose concentrations in the group treated with dexamethasone, which needed insulin therapy. We found
that the blood glucose at 6 h after the surgery increased,
but there was no significant difference between the two
groups, and none of our patients required insulin therapy. This might be because we ruled out patients with
diabetes.
There are limitations to our study. We did not investigate the effect of intravenous dexamethasone on rebound pain occurrence. Therefore, we cannot determine
whether the reduction in the rebound phenomenon is
due to perineural or systemic effects from the absorption
of dexamethasone. The comparison of intravenous and
perineural dexamethasone showed conflicting results regarding whether the prolongation of the nerve block is

Table 3 Postoperative sufentanil consumption and invalid press of PCA. Values are the mean (SD) and median (IQR)
Dexamethasone
(n = 63)

Control
(n = 60)

p value

Sufentanil consumption 24 h, μg

50.49 ± 2.62

66.22 ± 4.05

< 0.001

Sufentanil consumption 48 h, μg

97.76 ± 6.01

108.01 ± 7.13

0.391

Percentage of invalid press 24 h (%)

0.0 (0.0, 22.2)

13.2 (0.0, 29.6)

0.039

Percentage of invalid press 48 h (%)

0.0 (0.0, 20.0)

11.1 (0.0, 29.4)

0.043
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Table 4 Sleep quality score and patient satisfaction with pain therapy. Values are expressed as the median (IQR)

Sleep score on the night before surgery

Dexamethasone
n = 63

Control
n = 60

p value

1 (0, 3)

1 (0, 2)

0.82

Sleep score on the night of surgery

1 (0, 1)

2 (0, 5)

0.01

Patient satisfaction

5 (4, 5)

4 (2, 5)

0.001

of systemic or perineural origin. The results from a
meta-analysis showed that for bupivacaine, the addition
of perineural dexamethasone leads to a statistically significant prolongation of analgesic duration by 21% compared with intravenous administration. For ropivacaine,
the mean duration of analgesia was increased by 12%
with perineural dexamethasone compared with systemic
dexamethasone, which did not reach statistical significance. The author concluded that the finding of equivalence between both routes of administration remains
underpowered for ropivacaine, and a total of 1124 patients would be needed before suggesting a definitive
conclusion [30]. Because intravenous dexamethasone has
a strong anti-inflammatory effect and perineural administration is still off-label, further studies are needed to
investigate the effect of intravenous dexamethasone on
the incidence of rebound pain.

Conclusion
This single-center, randomized, double-blind controlled
study revealed that the addition of 8 mg dexamethasone
to ropivacaine provides the benefit of reducing rebound
pain after a single-shot nerve block in patients receiving
ORIF for an upper limb fracture. It also reduces opioid
consumption 48 h after the block and decreases the pain
intensity at the point patients describe as the most severe pain after the block. Dexamethasone addition improves sleep quality on the night of surgery and patients’
satisfaction with postoperative pain therapy.
Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12871-021-01267-z.
Additional file 1.
Additional file 2.
Abbreviations
PNB: Peripheral nerve block; ORIF: Open reduction internal fixation;
PONV: Postoperative nausea and vomiting; PCIA: Patient control intravenous
analgesia
Acknowledgments
We thank Jiang Li for assisting in the statistical analysis and proofreading the
manuscript.
Authors’ contributions
SYC performed the PNB block. FJ finished all the follow-ups, analyzed the patient data and wrote the manuscript. DF revised the manuscprit. XZG, CJ and

ZXG decided whether the pain fit the criteria of rebound pain and supervised the data analysis. MCH supervised the data analysis and revised the
manuscript. All authors read and approved the final manuscript. ZXG conceived the presented idea and revised the manuscript.
Funding
This research was supported by the National Key Research and Development
Program of China (NO. 2020YFC2008400).
Availability of data and materials
The dataset supporting the conclusions of this article is available in
Mendeley Data, Zhang, Xiaoguang; Cang, Jing; Du, Fang; Xue, Zhanggang;
Shi, Yuncen; Fang, Jie (2020), “Data for: The effect of perineural
dexamethasone on rebound pain after ropivacaine single-injection nerve
block: A randomized controlled trial”, Mendeley Data, V1, doi: https://doi.org/
10.17632/mvy4tjfdcj.1.
Ethics approval and consent to participate
This study was approved by the Ethics Committee of Zhongshan Hospital,
Fudan University (B2016-079R). Written informed consent was obtained from
the patients before study enrollment by the investigator.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Received: 22 June 2020 Accepted: 4 February 2021

References
1. Turhan KS, Akmese R, Ozkan F, Okten FF. Comparison of low-dose spinal
anesthesia and single-shot femoral block combination with conventional
dose spinal anesthesia in outpatient arthroscopic meniscus repair. Eur Rev
Med Pharmacol Sci. 2015;19(8):1489–97.
2. Mokini Z, Vitale G, Aletti G, Sacchi V, Mauri T, Colombo V, Fumagalli R,
Pesenti A. Pain control with ultrasound-guided inguinal field block
compared with spinal anesthesia after hernia surgery: a randomized trial.
Surgery. 2015;157(2):304–11.
3. Liu J, Yuan W, Wang X, Royse CF, Gong M, Zhao Y, Zhang H. Peripheral
nerve blocks versus general anesthesia for total knee replacement in elderly
patients on the postoperative quality of recovery. Clin Interv Aging. 2014;9:
341–50.
4. Abdallah FW, Halpern SH, Aoyama K, Brull R. Will the real benefits of singleshot Interscalene block please stand up? A systematic review and metaanalysis. Anesth Analg. 2015;120(5):1114–29.
5. Sunderland S, Yarnold CH, Head SJ, Osborn JA, Purssell A, Peel JK, Schwarz
SK. Regional versus general anesthesia and the incidence of unplanned
health care resource utilization for postoperative pain after wrist fracture
surgery: results from a retrospective quality improvement project. Reg
Anesth Pain Med. 2016;41(1):22–7.
6. Henningsen MJ, Sort R, Moller AM, Herling SF. Peripheral nerve block in
ankle fracture surgery: a qualitative study of patients’ experiences.
Anaesthesia. 2018;73(1):49–58.
7. Dada O, Gonzalez Zacarias A, Ongaigui C, Echeverria-Villalobos M, Kushelev
M, Bergese SD, Moran K. Does rebound pain after peripheral nerve block for
orthopedic surgery impact postoperative analgesia and opioid
consumption? A narrative review. Int J Environ Res Public Health. 2019;
16(18):3257.

Fang et al. BMC Anesthesiology

8.

9.

10.

11.

12.

13.
14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24.
25.

26.

27.

28.

(2021) 21:47

Sort R, Brorson S, Gogenur I, Nielsen JK, Moller AM. Rebound pain following
peripheral nerve block anaesthesia in acute ankle fracture surgery: an
exploratory pilot study. Acta Anaesthesiol Scand. 2019;63(3):396–402.
Goldstein RY, Montero N, Jain SK, Egol KA, Tejwani NC. Efficacy of popliteal
block in postoperative pain control after ankle fracture fixation: a
prospective randomized study. J Orthop Trauma. 2012;26(10):557–61.
Galos DK, Taormina DP, Crespo A, Ding DY, Sapienza A, Jain S, Tejwani NC.
Does brachial plexus blockade result in improved pain scores after distal
radius fracture fixation? A randomized trial. Clin Orthop Relat Res. 2016;
474(5):1247–54.
DeMarco JR, Componovo R, Barfield WR, Liles L, Nietert P. Efficacy of
augmenting a subacromial continuous-infusion pump with a preoperative
interscalene block in outpatient arthroscopic shoulder surgery: a
prospective, randomized, blinded, and placebo-controlled study.
Arthroscopy. 2011;27(5):603–10.
Ding DY, Manoli A 3rd, Galos DK, Jain S, Tejwani NC. Continuous popliteal
sciatic nerve block versus single injection nerve block for ankle fracture
surgery: a prospective randomized comparative trial. J Orthop Trauma. 2015;
29(9):393–8.
Ilfeld BM. Continuous peripheral nerve blocks: a review of the published
evidence. Anesth Analg. 2011;113(4):904–25.
Vandepitte C, Kuroda M, Witvrouw R, Anne L, Bellemans J, Corten K,
Vanelderen P, Mesotten D, Leunen I, Heylen M, et al. Addition of liposome
bupivacaine to bupivacaine HCl versus bupivacaine HCl alone for
Interscalene brachial plexus block in patients having major shoulder
surgery. Reg Anesth Pain Med. 2017;42(3):334–41.
Myers RR, Kalichman MW, Reisner LS, Powell HC. Neurotoxicity of local
anesthetics: altered perineurial permeability, edema, and nerve fiber injury.
Anesthesiology. 1986;64(1):29–35.
An K, Elkassabany NM, Liu J. Dexamethasone as adjuvant to bupivacaine
prolongs the duration of thermal antinociception and prevents
bupivacaine-induced rebound hyperalgesia via regional mechanism in a
mouse sciatic nerve block model. PLoS One. 2015;10(4):e0123459.
Pehora C, Pearson AM, Kaushal A, Crawford MW, Johnston B.
Dexamethasone as an adjuvant to peripheral nerve block. Cochrane
Database Syst Rev. 2017;11:CD011770.
Lavand’homme P. Rebound pain after regional anesthesia in the ambulatory
patient. Curr Opin Anaesthesiol. 2018;31(6):679–84.
Williams BA, Bottegal MT, Kentor ML, Irrgang JJ, Williams JP. Rebound pain
scores as a function of femoral nerve block duration after anterior cruciate
ligament reconstruction: retrospective analysis of a prospective, randomized
clinical trial. Reg Anesth Pain Med. 2007;32(3):186–92.
Kolarczyk LM, Williams BA. Transient heat hyperalgesia during resolution of
ropivacaine sciatic nerve block in the rat. Reg Anesth Pain Med. 2011;36(3):
220–4.
Gordon SM, Chuang BP, Wang XM, Hamza MA, Rowan JS, Brahim JS,
Dionne RA. The differential effects of bupivacaine and lidocaine on
prostaglandin E2 release, cyclooxygenase gene expression and pain in a
clinical pain model. Anesth Analg. 2008;106(1):321–7 table of contents.
Choi S, Rodseth R, McCartney CJ. Effects of dexamethasone as a local
anaesthetic adjuvant for brachial plexus block: a systematic review and
meta-analysis of randomized trials. Br J Anaesth. 2014;112(3):427–39.
Attardi B, Takimoto K, Gealy R, Severns C, Levitan ES. Glucocorticoid induced
up-regulation of a pituitary K+ channel mRNA in vitro and in vivo. Recept
Channels. 1993;1(4):287–93.
Eker HE, Cok OY, Aribogan A, Arslan G. Management of neuropathic pain with
methylprednisolone at the site of nerve injury. Pain Med. 2012;13(3):443–51.
Johansson A, Hao J, Sjolund B. Local corticosteroid application blocks
transmission in normal nociceptive C-fibres. Acta Anaesthesiol Scand. 1990;
34(5):335–8.
Williams BA, Ibinson JW, Mangione MP, Modrak RT, Tonarelli EJ, Rakesh H,
Kmatz AM, Cohen PZ. Research priorities regarding multimodal peripheral
nerve blocks for postoperative analgesia and anesthesia based on hospital
quality data extracted from over 1,300 cases (2011-2014). Pain Med. 2015;
16(1):7–12.
Albrecht E, Kern C, Kirkham KR. A systematic review and meta-analysis of
perineural dexamethasone for peripheral nerve blocks. Anaesthesia. 2015;
70(1):71–83.
Kirkham KR, Jacot-Guillarmod A, Albrecht E. Optimal dose of perineural
dexamethasone to prolong analgesia after brachial plexus blockade: a
systematic review and meta-analysis. Anesth Analg. 2018;126(1):270–9.

Page 10 of 10

29. Chong MA, Berbenetz NM, Lin C, Singh S. Perineural versus intravenous
dexamethasone as an adjuvant for peripheral nerve blocks: a systematic
review and meta-analysis. Reg Anesth Pain Med. 2017;42(3):319–26.
30. Baeriswyl M, Kirkham KR, Jacot-Guillarmod A, Albrecht E. Efficacy of
perineural vs systemic dexamethasone to prolong analgesia after peripheral
nerve block: a systematic review and meta-analysis. Br J Anaesth. 2017;
119(2):183–91.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

