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Abstract

Purpose To evalute the efficacy and safety of two low-dose
peri-operative dexamethasone on pain and recovery following
total hip arthroplasty (THA).

Methods One hundred ten patients received two-dose of 10 mg
IV-dexamethasone (group dexa) or [V-isotonic saline (group pla-
cebo). The level of C-reactive protein (CRP) and interleukin-6 (IL-
6), pain atrestand during mobilization, incidence of post-operative
nausea and vomiting (PONV)), intensity of nausea, post-operative
fatigue, consumption of analgesic and antiemetic rescue, range of
motion (ROM), post-operative length of stay (post-operative
LOS), wound problems and complications were recorded and
compared.

Results The level of inflammation markers (CRP, IL-6) in
group dexa was lower than group placebo at 24, 48, 72 hours
post-operatively. Dynamic pain VAS score at 24 hours was
lower in group dexa (P = 0.002), however, there was no signif-
icant effect on pain at rest. In group dexa, patients had a lower
incidence of PONV (P = 0.003), as well as a lower VAS score
of nausea (P = 0.044). The post-operative fatigue (P < 0.001)
was relieved and the consumption of analgesic and antiemetic
rescues were reduced. Furthermore, patients had better maxi-
mum hip flexion (P < 0.001) and abduction (P = 0.017), with
shorter post-operative LOS (P = 0.006). There is no difference
between groups in wound problems. No surgical site infection
or gastrointestinal haemorrhage was detected in both groups.
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Conclusions The administration of two low-dose peri-opera-

tive dexamethasone can effectively reduce the post-operative

level of CRP and IL-6, provide additional pain and nausea

control, ameliorate post-operative fatigue, enhance mobility,

and shorten post-operative LOS following THA, without in-

creasing the risk of infection and gastrointestinal hemorrhage.
Level of evidence: 1
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Introduction

Total hip arthroplasty (THA) is one of the most effective treatment
options for end-stage osteoarthritis and other hip diseases, which
can greatly improve mobility and quality of life [1]. However,
surgical trauma during THA often results in severe post-
operative inflammation [2] which might contribute to intensive
post-surgical pain and fatigue, increased incidence of post-
operative nausea and vomiting (PONV), limited joint movement,
and prolonged hospital stays [3]. In addition, inadequately peri-
operative management has been directly correlated with poor pa-
tient satisfaction and can lead to delays in the early recovery period
[4]. Consequently, it is essential to control peri-operative inflam-
mation in THA.

Glucocorticoid is a class of steroid hormone with consid-
erable anti-inflammatory properties, which has been common-
ly adopted in several surgical fields including THA [5-7]. As
reported before, glucocorticoids are able to reduce PONV,
meliorate fatigue and can be a portion of multimodal analgesic
regimes in THA [8-10]. However, due to clinical heterogene-
ity, the optimal timing, way, and dosage of glucocorticoids in
THA have not been clearly defined, which can lead to a great
deal of variation in clinical results. According to previous
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studies, glucocorticoids were frequently administered pre-
operatively considering the 2 h of onset time [11].
Moreover, the majority of regimes were single short-dose
and utilized intravenously on account of the relatively lower
adverse side effects [12—14]. Nevertheless, some of the pa-
tients still suffer from pain, fatigue, and PONV [10, 15].
Thus, it was hypothesized that the action time and dose can
not meet the needs of anti-inflammatory.

Therefore, this prospective randomized controlled trial was
conducted to clarify the effectiveness and safety of two low-
dose of 10 mg IV-dexamethasone (Dexa) during the peri-
operative period of THA, which is expected to determine:
(1) whether dexamethasone reduces the level of post-
operative inflammatory marks; (2) whether the combined
use of dexamethasone and mosapride further reduces PONV
compared with mosapride along; (3) whether the two low-
dose of dexamethasone provide additional analgesic effect;
(4) whether dexamethasone reduces post-operative fatigue;
(5) whether dexamethasone improves the function and range
of motion (ROM) after THA; (6) whether dexamethasone
shortens post-operative LOS; (7) whether dexamethasone in-
creases the risk of infection and gastrointestinal hemorrhage.

Materials and methods
Patients and design

The trial was approved by the institutional review board and
registered in the International Clinical Trial Registry
(ChiCTR-IOR-16008865). All subjects gave their oral and
written informed consent for participation in the study before
surgery. From May to October 2016, all patients receiving
elective, unilateral, primary THA were consecutively screened
for recruitment into the trial. Exclusion criteria included alco-
hol or medical abuse, allergies to Dexa, age < 18 years or
>80 years, administration of any glucocorticoids during the
past three months before surgery; administration of any strong
opioids during the past 7 days; history of severe heart disease
(NYHA > 2), liver or renal failure, rheumaimmune systemic
diseases (theumatoid arthritis, ankylosing spondylitis, system-
ic lupus erythematosus).

Consecutive patients (n = 110) were randomly assigned
into two groups, including group dexa and group placebo. A
random allocation sequence concealed in opaque sealed enve-
lopes only opened before surgery. Patients in group dexa
(n = 55) received two-dose of 10 mg IV-dexamethasone
(2 ml, Tianjin Kingyork group Co., Ltd., China), and patients
in group placebo (n = 55) received two-dose of IV-isotonic
saline (2 ml). The first dose was administered just after the
general anesthesia was well performed by an analgesist, and
the second dose was adopted just when the patients returned to
inpatient unit by a nurse. The analgesist and nurse were not
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involved in this trial, and the patients, surgeons, data controller
and analyst were blinded.

Surgery procedure

All the THAs were operated in the same laminar flow operating
room and performed by a single experienced orthopaedic surgeon.
We carried out operations using the posterolateral approach and
cementless cups and stems. General anesthesia were selected by
anesthetists in our medical centre with blood pressure controlled
within 90-110 mmHg/60-70 mmHg throughout the procedure.
Before skin incision, a dose of 20 mg/kg IV- tranexamic acid
(TXA, Chongqing Lummy Pharmaceutical Co., Ltd. China;
DAIICHI SANKYO PROPHARMA CO., LTD., Japan) was ad-
ministered. Before the incision was closed, an intra-articular injec-
tion of 1 g TXA was administered, and a peri-articular injection of
0.2% ropivacaine (100 ml) was administered. Moreover, no nerve
block and/or intravenous patients-controlled analgesia (PCA) had
been utilized peri-operatively.

Post-operative care protocol

Patients were transferred to the post-anesthesia care unit after
the surgery for two hours, then return to the inpatient unit. A
cold pack was used on the surgical sites for 24 hours at the
time backing to ward. Daily function training, including active
ROM training, strength training, and walking training were
followed out under the supervision and assistance of a
physiotherapist.

The strategies to restrain pain and PONV for all patients were
the same. Multimodal oral analgesic drugs (50 mg ql12h
diclofenac, 75 mg q8h pregabalin) were administered for pre-
emptive analgesia one day before the surgery. The analgesic
process was adopted again when patients resumed oral intake
after the surgery. Once patients reported the pain greater than 4
on a 0-10 VAS, the oral oxycodone (10 mg q8h) would be
utilized. An intramuscular injection of parecoxib (40 mg) was
used if a patient claimed severe pain greater than 6. One day
before the surgery, oral mosapride (5 mg tid, before each meal)
was started. An intramuscular injection of metoclopramide
(10 mg) was selected as a first-line rescue option if patients had
two or more occurrences of PONV or had severe nausea
(VAS > 4). An intramuscular injection of ondansetron (5 mg)
could be a second-line rescue option under the condition that
severe nausea or vomiting persevered after two boluses of
metoclopramide has been administered in a 30 minute interval.

A combination of mechanical and chemical
thromboprophylaxis was adopted to prohibited venous throm-
boembolism. As chemical prophylaxis, all patients received a
half-dose of low-molecular-weight heparin (LMWH; 2000 I[U
in 0.2 ml; Clexane, Sanofiaventis, France) starting at six hours
post-operatively, followed by a full dose (4000 IU in 0.4 ml) at
24 hour intervals. As mechanical prophylaxis, an intermittent
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foot slope pump system was utilized before walking. As pro-
phylaxis after discharge, patients were instructed to take
10 mg Rivaroxaban (Xarelto, Bayer, Germany) orally once a
day for 14 days.

Outcome measurements

Patient demographics, medical histories and concomitant
medication were registered pre-operatively. Inflammatory fac-
tors (CRP, IL-6) were tested in pre-operation and at 24, 48, 72
hours after operation. In order to evaluate the analgesic effect,
pain level and the quantity of analgesic rescue drugs (oxyco-
done and parecoxib) were recorded. Pain level was evaluated
using a visual analogue scale (VAS, 0 means no pain, 10
means severe pain imaginable) and was conducted in pre-
operation and at 24, 48, 72 h postoperatively, both at rest (rest
in bed at least for 30 minutes before test) and walking training
(walk 20 steps before test). The occurrence of PONV and the
consumption of antiemetic rescue drugs (metoclopramide and
ondansetron) were collected after the surgery. The intensity of
nausea was assessed using VAS (0 means no nausea, 10
means severe nausea imaginable) at the first six hours after
operation. Fatigue was evaluated choosing Identity-
Consequence-Fatigue-Scale (ICFS) before surgery and at
POD3. Hip ROM was measured by extension, flexion and
abduction with a goniometer one day pre-operatively as a
baseline, post-operatively on day three. Wound problems
(wound leakage, redness or swelling around the wound) were
also assessed. The complications (surgical site infection, gas-
trointestinal hemorrhage) were carefully recorded during the
inpatient hospital stay and two weeks follow-up. In this cur-
rent trial, prolonged post-operative LOS is defined as the du-
ration which was greater than the 75th percentile for the entire
cohort, and the reasons of delayed discharge were recorded.

Statistical analysis

Sample size calculations were performed using PASS 2011
(NCSS, LLC. Kaysville, Utah, USA) software on the basis
of a two-sample t-test. According to the results of previous
studies [8, 16], we anticipated an average decrease in VAS
(pain) score of 0.7 in group dexa. With a power of 0.90 and
the significant level of 0.05, 40 patients per arm were needed.
If a 10% exclusion rate was expected, the minimum sample
size was 45 in each group. Thus, we decided to include 60
patients in each group.

All data analysis was performed by SPSS version 24 (SPSS
Inc. USA). Student’s t test or Wilcoxon Mann-Whiney U test
was used to analyze quantitative data and Pearson Chi-square
test or Fisher exact test was used to analyze qualitative com-
parative data. Statistical significance was defined as P < 0.05.

Results
Patients’ demographics

One hundred twenty patients recruited from May 2016 to
October 2016 were scheduled to receive an elective, unilater-
al, primary THA at our institution. Among these patients, six
were ineligible, and four were rejected from participation.
Hence, the trial was completed in 110 patients. Fifty five were
randomized into group dexa, while the others were random-
ized into group placebo (Fig. 1), and the two groups were
comparable in terms of their baseline characteristics (Table 1).

Inflammation marks

As acute inflammatory factors, CRP and IL-6 revealed a rapid
increase in all patients after the operations. The peak level of
CRP was observed on 48 hours in both groups, and the mean
serum level in the placebo group was significantly greater in
comparison with the dexa group at 24, 48, and 72 hours post-
operatively (P1 = 0.038, P2 < 0.001, P3 < 0.001). The mean
serum concentrations of IL-6 peaked 24 hours after the sur-
gery in group dexa, and peaked 48 hours post-operatively in
group placebo. In addition, the level of IL-6 in group dexa was
generally lower than group placebo 24, 48, 72 hours after
operation (P1 < 0.001, P2 < 0.001, P3 < 0.001) (Fig. 2).

Pain and analgesic rescue

The overall pain was reduced after THA compared with pre-
operation. Patients in group dexa had lower pain VAS score
than group placebo at 24 hours during walking (P1 = 0.002),
however, the dynamic pain of both groups was similar at 48 or
72 hours after the operation (P2 = 1.000, P3 = 0.698). While
there was no significant effect on pain at rest at any time
period (P1 = 0.578, P2 = 0.786, P3 = 0.658) (Fig. 3).

Compared with group placebo, the number of patients re-
quiring parecoxib showed a remarkable decrease in group
dexa (P = 0.002), and the overall parecoxib consumption
was less (P = 0.005). However, no significant intergroup dif-
ferences were observed in the number of patients requiring
oxycodone (P = 1.000) and the overall oxycodone consump-
tion (P = 1.000) (Table 3).

PONYV and antiemetic rescue

The occurrence of PONV (P = 0.003) and the VAS score for
nausea (1.25 + 1.32 vs 2.16 £ 2.00, P = 0.044) in group dexa
was lower compared with group placebo (Table 2). The num-
ber of patients requiring metoclopramide was smaller in group
dexa (P = 0.001), and the overall metoclopramide consump-
tion was less (P = 0.003). The number of patients requiring
ondansetron was similar between groups (P = 0.118).
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Fig. 1 Flow diagram of patients
shows the study design

Assessed for eligibility
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However, the overall ondansetron consumption in group dexa
was less (P = 0.010) (Table 3). a
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BMI: Body mass index; ICFS: Identity-Consequence-Fatigue-Scale;
ROM: range of motion; Ext: extension; Flex: flexion; Abd: abduction
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Fig. 2 The level of CRP (a) and IL-6 (b). The Student’s t test was per-
formed to detect the difference between the groups. * means P < 0.05
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Fig. 3 Pain level according to VAS score during the 72 hours after
operation, both at rest (a) and during walking (b). The Wilcoxon Mann-
Whiney U test was performed to detect the difference between groups. *
means P < 0.05

post-operative LOS (4.07 + 1.22 vs 4.84 £ 1.60, P = 0.006)
than group placebo. At POD3, the maximum hip flexion
(112.82 £ 6.86 vs 102.18 £ 4.59, P < 0.001) and abduction
(38.91 £3.43 vs 37.09 £ 4.38, P =0.017) in group dexa was

Table 2 The clinical effect and complications after THA

Group dexa  Group placebo p value
PONV 4/55 16/55 0.003
VAS-nausea 125+1.32  2.16+2.00 0.044
ICFS 7391+£5.75 8549+9.10 <0.001
ROM °(Ext) —0.09 —0.18 £0.945 0.562

+0.674

ROM °(Flex) 112.82 £6.86 102.18 £4.59 <0.001
ROM °(Abd) 3891+343 37.09+438 0.017
Post-operative LOS (d) 407+122 4.84+1.60 0.006
Wound problems 3/55 5/55 0.716
Early surgical wound infection 0 0 -
Gastrointestinal hemorrhage 0 0 -

PONV: postoperative nausea and vomiting; VAS: visual analogue scale;
ICFS: Identity-Consequence-Fatigue-Scale; ROM: range of motion; Ext:
extension; Flex: flexion; Abd: abduction; Postoperative LOS: postopera-
tive length of stay

Table 3  The requirement of rescue treatment between the two groups

Group dexa Group placebo p value

Oxycodone
Number of patients requiring  3/55 4/55 1.000
Total dose 80 80 1.000
Median dose 0(0-30) 0(0-20) 0.740
Pacecoxib
Number of patients requiring  2/55 13/55 0.002
Total dose 80 760 0.005
Median dose 0(0-40) 0(0-80) 0.002
Metoclopramide
Number of patients requiring  2/55 14/55 0.001
Total dose 30 200 0.003
Median dose 0(0-20) 0(0-40) 0.001
Ondansetron
Number of patients requiring 4/55 0.118
Total dose 36 0.010
Median dose 0(0-8) 0.003

better than that in group placebo. Although the occurrence of
wound problems was lower in group dexa compared with
group placebo, the differences were not statistically significant
(P =0.716). No surgical site infection or gastrointestinal hem-
orrhage was observed in both groups (Table 2).

Prolonged post-operative LOS and causes

In this trial, the 75th percentile for the entire cohort was five
days, which was used to define the prolonged post-operative
LOS. Fifteen patients in group placebo and six in group dexa
had post-operative hospital stays over five days, with a signif-
icant intergroup difference (p = 0.029). Among the 15 patients
in group placebo, ten were due to nausea and five to wound
problems. Among the six patients in group dexa, three were
attributed to nausea and the rest were caused by wound prob-
lems. This result indicates a significant effect on nausea of
dexamethasone (p = 0.039). However, no significant differ-
ence was observed in wound problems between groups
(p =0.716) (Table 4).

Discussion

Dexamethasone is a kind of synthetic glucocorticoid with
higher potency, greater bioavailability, and longer acting time
[17, 18]. It can be administered through different routes, in-
cluding systemical and topical application, with a great range
of doses, given either pre-operatively, intra-operatively, or
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Table 4 Causes of prolonged post-operative LOS

Causes Group dexa Group placebo p value
All causes 6/55 15/55 0.029
Nausea 3/55 10/55 0.039
Wound problems 3/55 5/55 0.716

post-operatively. However, the ideal dose, way and timing of
administration still remain controversial [12].

It has been demonstrated that the local and systemic in-
flammatory response following THA is closely related to the
early rehabilitation and post-operative complications [3, 12,
19]. In this study, two low-dose dexamethasone had been
administered in the peri-operative time for early recovery
and patient satisfaction. Both the CRP and IL-6 were signifi-
cantly lower in group dexa compared with the placebo group,
which is in agreement with previous studies [8, 20].

The sufficient antiemetic efficacy of short-dose systemic
dexamethasone has been well elucidated in previous studies
[12, 14]. It can play an efficient role by inhibiting prostaglan-
din synthesis or endogenous opioids release [4]. Mathiesen
et al. adopted a single-dose of 8 mg dexamethasone pre-
operatively [21], however, the incidence rate of PONV still
reached 19.0% [8]. In this randomized trial, an extra one low-
dose of dexamethasone has been administered at the time of
returning to ward, which have shown a notable reduction of
PONV. Furthermore, patients in the dexa group had lower
VAS-nausea score and fewer antiemetic rescue. The main re-
sults of our study could indicate that an additive dose of dexa-
methasone combined with mosapride could provide
prolonged antiemetic effects.

Many recent studies have reported that postoperative pain
after THA can be ameliorated with high-dose systemic glucocor-
ticoid [12]. Mathiesen and colleagues found no additional effects
on pain or opioid requirements with a single short-dose of 8 mg
dexamethasone [21]. In our study, we found dexamethasone,
administered in two-dose of 10 mg IV, can effectively meliorate
dynamic pain at 24 hours after THA, and reduce the consump-
tion of parecoxib, which has the imposed similar effect with a
single dose of dexamethasone 40 mg dispensed pre-operatively
[14]. This result may indicate that an additive adoption of intra-
venous dexamethasone can cover the shortage of dosage.
Moreover, higher dose (dexamethasone > 0.21 mg/kg) might
not provide additional benefits and may increase the risk of side
effects [12]. Thus, further studies about effective multiple boluses
for analgesia would be of interest.

Post-operative fatigue is a common symptom following
systemic or local inflammation, with decreased strength and
a feeling of exhaustion [19], which can lead to delays in the
early recovery. Severe fatigue is most often accompanied by
grievous pain, and they seem to be isochronous [19]. Content
fatigue control may contribute to satisfactory pain
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management, which may in turn meliorate the post-operative
fatigue. Thus, the virtuous cycle would be established. In our
study, we adopted ICFS to assess fatigue which is designed
specifically for a general surgical population [22]. This kind of
multidimensional measure usually consists of fatigue feelings,
vigor feelings, impacts on concentration, impacts on energy,
and impacts on daily activities. The review of Rubin reported
that glucocorticoids may attenuate fatigue after surgery [23],
which was in accordance with our study.

Inpatient hospital stay is deemed as an important outcome
due to its economic factors [24]. Our study has well demon-
strated that two low-dose peri-operative dexamethasone effec-
tively shortens postoperative LOS by approximately 1 day.
Backes et al. observed a statistically significant decrease of
LOS with peri-operative dexamethasone by nearly 1.2 days
[9], which is in keeping with our finding. In our trial, ten
patients in the placebo group had post-operative LOS over
five days, which were caused by nausea. By contrast, there
were only three patients in the dexa group with post-operative
hospital stays over five days because of nausea. It indicates
that patients in the placebo group were more likely to be in-
fluenced by nausea and then delayed hospital discharge
(p = 0.029). This result shows a persistent effect on nausea
of dexamethasone (p = 0.039), and the consistent finding
could support our thesis. Moreover, the effect on the ROM
has also been observed in this study, which may contribute to
the time to meet discharge criteria.

Infection and gastrointestinal hemorrhage are severe com-
plications with increased morbidity and mortality in THA.
Considering the fact that chronic glucocorticoid utilization
could raise the possible risks and side effects, the safety of
dexamethasone has yet to be completely clarified [12].
Richardson et al. conducted a large-scale study with a long
term follow-up, and they found no significant increases in the
incidence of infection with a single low-dose (4-10 mg) of
dexamethasone [4]. However, the study is retrospective and
there is no consensus of anesthetic and surgical protocols.
Thus, a prospective study with standardized process is urgent-
ly wanted. In our study, no surgical site infection or gastroin-
testinal hemorrhage were detected in both groups, which
might provide an additional evidence to evaluate the safety
of glucocorticoids.

There are several limitations to be noted in this study: 1)
This study solely focused on a short follow-up period, and it
could be short on statistical power to sufficiently assess the
clinical effect and safety; 2) No comparison about the dosage
was shown in our study, further studies may need to determine
the minimum effective dose; 3) The second dose was admin-
istered within the first post-operative three hours, and if it is
necessary and safe to give an additive dose of dexamethasone
within 24 or even 48 hours following THA is still unknown.

In conclusion, the administration of two low-dose peri-op-
erative dexamethasone for patients can reduce the level of
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post-operative CRP and IL-6, provide significant additional
pain and nausea control, reduce post-operative fatigue, en-
hance mobility, and shorten post-operative LOS following
THA, without increasing the risk of infection and gastrointes-
tinal hemorrhage. However, further studies with large-scale
and long-term follow-up on efficacy and safety are still in
demand for fully assessing the effects of peri-operative dexa-
methasone administration.
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