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Abstract

Purpose To study the clinical effect and safety of two
doses of low-dose perioperative dexamethasone on pain
and recovery after total knee arthroplasty.

Methods A total of 108 patients were included in this ran-
domized, double-blinded, placebo-controlled study. They
received two doses of 10 mg IV dexamethasone (group
Dexa) or IV isotonic saline (group Placebo). The CRP, IL-6
and pain levels, postoperative nausea and vomiting (PONV)
incidence, nausea severity, postoperative fatigue, range of
motion, length of stay, analgesic rescue and antiemetic res-
cue consumption, and complications were compared.
Results The CRP and IL-6 levels in group Dexa were
lower than in group Placebo at 24, 48, and 72 h postopera-
tively (P<0.001, P<0.001, and P<0.001, respectively).
In group Dexa, patients had less pain at 24 h postopera-
tively, at rest (P<0.001) and during walking (P <0.001);
they also had a lower PONV incidence (P=0.002) and a
lower nausea VAS score (P=0.008). Postoperative fatigue
(P<0.001) was relieved and the analgesic and antiemetic
rescue consumption was reduced. Length of stay (n.s.) and
range of motion (n.s.) were similar in both groups. No early
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surgical wound infection or gastrointestinal haemorrhage
occurred in either group.

Conclusions Administering two doses of low-dose perio-
perative dexamethasone for patients receiving total knee
arthroplasty reduces postoperative CRP and IL-6 levels,
provides additional analgesic effect, and reduces the PONV
incidence and postoperative fatigue, without increasing the
risk of early surgical wound infection and gastrointesti-
nal haemorrhage. So two doses of low-dose perioperative
dexamethasone are effective and safe for patients receiv-
ing TKA to decrease the inflammatory response, prevent
PONY, relieve postoperative pain and fatigue, and enhance
recovery.

Level of evidence 1.

Keywords Dexamethasone - Total knee arthroplasty -
Clinical effect - Randomized controlled study

Introduction

Enhanced recovery after surgery, put forward by Kehlet
[26], has been introduced as a series of evidence-based
interventions to enhance postoperative recovery; reduce
perioperative stress response, length of stay (LOS) and
complications; and increase satisfaction and safety after
discharge [10, 14]. The surgical stress response includes
inflammatory components after total knee arthroplasty
(TKA) and is associated with postoperative nausea and
vomiting (PONV) [25], pain [13, 27], fatigue [20], and
decreased muscle strength [2, 26]. Thus, decreasing the
inflammatory response after surgery is important for pre-
venting PONV, relieving postoperative pain and fatigue,
and enhancing recovery, which are the main components in
Enhanced recovery after surgery for TKA.
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Glucocorticoids, with its potent anti-inflammatory effects,
have been widely used in various perioperative settings [6, 8,
9, 23], including TKA, for decreasing inflammatory mark-
ers, preventing PONYV, and relieving postoperative pain and
fatigue [7, 12, 15, 18, 19]. However, heterogeneity among
studies regarding type, dosage and administration protocol of
glucocorticoids, and the perioperative management of TKA
makes it difficult to judge the practical value of glucocorti-
coids. In addition, in most previous studies, glucocorticoids
were given as a single dose and at a low dose, and the number
of patients studied was less than 25 patients per group [7, 12,
15, 18, 19]. Moreover, concerns regarding an increased risk
of infection and gastrointestinal haemorrhage have hampered
the widespread use of glucocorticoids during the periopera-
tive period of TKA. Thus, prospective studies with sufficient
power are required to provide additional evidence to determine
the benefit and safety of glucocorticoids. In most studies, the
administration protocol was a preoperative single dose of glu-
cocorticoid. However, patients still have to deal with PONV,
pain, and fatigue. In addition, higher doses of glucocorticoids
may be associated with a higher risk of complications.

This prospective, randomized, controlled trial was con-
ducted to evaluate the clinical effect of two doses of 10 mg
IV dexamethasone (Dexa) during the perioperative period
of TKA, which is expected to reveal (1) whether dexametha-
sone reduces the level of postoperative inflammatory mark-
ers; (2) whether the combined use of dexamethasone and
mosapride further reduces PONV compared with mosapride
alone; (3) whether the two doses of dexamethasone pro-
vide additional analgesic effect; (4) whether dexamethasone
reduces postoperative fatigue; (5) whether dexamethasone
improves the range of motion (ROM) after TKA; and (6)
whether dexamethasone increases the risk of early surgical
wound infection and gastrointestinal haemorrhage.

Materials and methods

The study protocol was approved by the Institutional Review
Board of West China Medical Center of Sichuan University
(No. 201302007) before patient enrolment, and the study
was registered in the International Clinical Trial Regis-
try (ChiCTR-IOR-16008865). Written informed consent
and research authorization were obtained from all patients.
From April to September 2016, all patients receiving elec-
tive, unilateral, primary TKA for end-stage osteoarthri-
tis were consecutively screened for inclusion in the study.
Exclusion criteria were alcohol or medical abuse, allergies
to Dexa, age < 18 years or >80 years, administration of any
glucocorticoids during the past 3 months before surgery;
administration of any strong opioids during the past 7 days;
and history of severe heart disease (New York Heart Asso-
ciation [NYHA] Functional Classification > 2), liver or renal
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failure, and connective tissue diseases (rheumatoid arthritis,
ankylosing spondylitis, systemic lupus erythematosus).

The recruited patients in this double-blinded study
were randomly assigned to two groups: group Dexa and
group Placebo. A random allocation sequence concealed
in opaque-sealed envelopes was opened only before sur-
gery. Patients in group Dexa (n=54) received two doses of
10 mg IV dexamethasone (2 ml, Tianjin Kingyork group
Co., Ltd., China), and patients in group Placebo (n=54)
received two doses of IV isotonic saline (2 ml). The first
dose was administered just after the general anaesthesia
was performed by an anaesthesiologist, and the second
dose was administered by a nurse just after the patients
returned to the inpatient unit. The anaesthesiologist and
nurse were not involved in this trial, and the patients, sur-
geons, data controller and analyst were blinded.

Surgical procedure

All the operations were performed by one senior surgeon
in the same laminar air flow operation room. All the opera-
tions were performed under general anaesthesia. We car-
ried out operations using a midline skin incision, medial
parapatellar approach. The patella was routinely everted
during the operation with patella resurfacing. An intramed-
ullary alignment system was used for femoral preparation,
and an extramedullary alignment system was used for tibial
preparation. All the total knee prostheses were posterior
stabilized, cemented implants, without use of a tourniquet
or drainage catheter. Before skin incision, a dose of 20 mg/
kg IV tranexamic acid (TXA, Chongqing Lummy Pharma-
ceutical Co., Ltd. China) was administered. Before the inci-
sion was closed, an intra-articular injection of 1 g TXA was
administered, and a peri-articular injection of 0.2% ropiv-
acaine (100 ml) was administered. No patients received any
nerve block and/or intravenous patient-controlled analgesia.

Postoperative care protocol

After the surgery, patients were transferred to the post-
anaesthesia care unit for 2 h, and then returned to the inpa-
tient unit. A cold pack was used on the surgical site imme-
diately after the patient returned to the inpatient unit and
applied for 12 h. Daily function training, including quadri-
ceps strength training, active ROM training and walking
training were carried out under the supervision and assis-
tance of a physiotherapist.

Management of pain and PONV for all patients was the
same. One day before the surgery, multimodal oral anal-
gesic drugs (50 mg ql2h diclofenac, 75 mg q8h pregaba-
lin) were administered for preemptive analgesia. After the
surgery, this analgesic management was restarted when
patients resumed oral intake. Oral oxycodone (10 mg q8h)
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would be added when a patient reported pain greater than
4 on a 0-10 VAS. An intramuscular injection of parecoxib
(40 mg) was given if a patient reported severe pain greater
than 6. Oral mosapride (5 mg tid, before each meal) was
started 1 day before the surgery. An intramuscular injection
of metoclopramide (10 mg) was used as the first-line rescue
treatment when patients had two or more times of PONV
or had severe nausea (VAS >4). An intramuscular injection
of ondansetron (5 mg) was used as the second-line rescue
treatment when severe nausea or vomiting persisted after
two boluses of metoclopramide were administered in a
30-minute interval.

A combination of mechanical and chemical thrombo-
prophylaxis was used to prevent venous thromboembolism.
As mechanical prophylaxis, an intermittent foot slope pump
system was used before walking. As chemical prophylaxis,
a half-dose of low-molecular-weight heparin (LMWH,;
2000 IU in 0.2 ml; Clexane, Sanofi-Aventis, France) was
subcutaneously administered at 6 h postoperatively, and
repeated at 24-hour intervals with a full dose (4000 IU
in 0.4 ml). As prophylaxis after discharge, patients were
instructed to take 10 mg of rivaroxaban (Xarelto, Bayer,
Germany) orally once a day for 10-14 days if no bleeding
events occurred.

Outcome measurements

Before the operation, demographic data, medical histories
and concomitant medications were recorded. Inflammation
markers (C-reactive protein [CRP], interleukin 6 [IL-6])
were tested pre-operatively and at 24, 48, and 72 h after the
operation. Pain level and amount of analgesic rescue drugs
(oxycodone and parecoxib) were recorded to evaluate the
analgesic effect. Pain level was assessed using a visual ana-
logue scale (VAS, 0 means no pain, 10 means most severe
pain imaginable) and was performed pre-operatively and at
24, 48, and 72 h after the operation, both at rest (patients
rested in bed for at least 30 min before the test) and walking
training (patients walked 20 steps before the test). The inci-
dence of PONV and the consumption of antiemetic rescue
drugs (metoclopramide and ondansetron) were recorded
postoperatively. The severity of nausea was assessed using
VAS (0 means on nausea, 10 means severe nausea imagi-
nable) in the first 6 h postoperatively. Fatigue was assessed
using Identity-Consequence-Fatigue-Scale (ICFS) before
surgery and at the third postoperative day (POD3). ROM
was assessed pre-operatively and at POD3. The LOS and
complications (early surgical wound infection, gastrointes-
tinal haemorrhage) were carefully recorded. Two investiga-
tors independently measured and recorded pain level (VAS
score), the severity of nausea (VAS score), ICFS score and
ROM. The mean was calculated as the final result.

Statistical analysis

According to the results of previous studies [15, 18], we
anticipated an average decrease in VAS (pain) score of 0.8
in group Dexa. With a desired power of 0.90 and the signif-
icant level of 0.05, a power analysis was performed (http://
www.danielsoper.com/statcalc/calculator.aspx?id=47). It
was estimated that a goal sample size of 41 patients per
arm were need. If a 10% exclusion rate was expected, the
minimum sample size was 46 in each group. We decided to
include 60 patients in each group.

All data analyses were performed by SPSS ver-
sion 22 (SPSS Inc. USA). Student’s t-test or Wil-
coxon—-Mann—Whitney U test was used to analyse quantita-
tive data and Pearson Chi-squared test or Fisher’s exact test
was used to analyse qualitative comparative data. Statistical
significance was defined as P <0.05.

Results
Patient demographics

From April 2016 to September 2016, 120 patients were
scheduled to take an elective, unilateral, primary TKA for
end-stage osteoarthritis in our institution. Among these
patients, 7 were ineligible and 5 declined to participate.
Thus, 108 patients were included in the final study and
analysis, and 54 were randomized into group Dexa and 54
were randomized into group Placebo (Fig. 1). We found
no differences in demographic data between the groups
(Table 1).

Inflammation markers

As acute inflammation markers, CRP and IL-6 increased
postoperatively in all patients. The mean level of CRP
peaked 48 h after the operation in both groups, and the
level of CRP in group Dexa was lower than group Placebo
at 24, 48, and 72 h after the operation (P <0.001, P <0.001,
P <0.001, respectively). The mean level of IL-6 in group
Placebo peaked 24 h after the operation, and it peaked
48 h after the operation in group Dexa. The level of IL-6
in group Dexa was lower than group Placebo at 24, 48, and
72 h after the operation (P<0.001, P<0.001, P<0.001,
respectively) (Fig. 2).

Pain and analgesic rescue
Compared with the level of pain pre-operatively, pain
declined after TKA. Patients in group Dexa had less pain

than group Placebo at 24 h after the operation, both at
rest (1.3+0.9 vs. 2.0+0.7, P<0.001) and during walking
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Fig. 1 Flow diagram of patients
and the study design
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Table 1 Characteristics of the patients receiving TKA

Group dexa Group placebo P-value

n 54 54 -

Age (years) 63.6+8.1 63.6+6.8 n.s
Gender(M/F) 8/46 9/43 n.s
Height (cm) 158.8+5.5 159.7+£5.0 n.s
Weight (kg) 61.1+£6.2 62.0+6.7 n.s
ROM (°) 90.6+5.7 89.5+6.2 n.s
ICFS score 67.9+11.2 68.4+10.4 n.s
CRP 3.23+1.51 3.51+1.22 n.s
IL6 4.02+1.76 4.36+2.02 n.s

ROM range of motion, ICFS Identity-Consequence-Fatigue-Scale,
CRP C-reactive protein, /L-6 interleukin 6

(2.0£0.7 vs. 2.5+0.6, P<0.001). The pain in both groups
was similar at 48 or 72 h after the operation (n.s.) (Fig. 3).

Compared with group Placebo, the number of
patients requiring oxycodone in group Dexa was smaller
(P=0.004), and the overall oxycodone consumption
was less (P=0.001). The number of patients requiring
parecoxib was similar between the groups (n.s.). However,
the overall parecoxib consumption in group Dexa was less
(P=0.042) (Table 2).

PONY and antiemetic rescue

Compared with group Placebo, the incidence of PONV
(P=0.002) was lower in group Dexa, and the VAS score

Fig. 2 The level of CRP and 90 90 -
IL-6. The Student’s r-test was 30 30
performed to detect the dif-
ference between the groups. 70 70
##P < 0,001 = 60 E 60
& e
g 50 8" 50
§ 40 d 40
QO 30 30
20 20
10 10
0 0
pre 24h 48h 72h pre 24h 48h 72h
——-Dexa —A: Placebo —#-Dexa —A Placebo
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Fig. 3 Pain level according to T Pain-exerci
VAS score during the 72 h after 5 Pain-rest exercise
the operation, both at rest and 7
during walking. The Wil- 4 6
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> 2 > 3
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0
pre 24h 48h 72h pre 24h 48h 72h
=#-Dexa =& Placebo =B-Dexa —A Placebo

Table 2 Comparison of the requirement of rescue treatment between
the two groups

Group dexa Group placebo P-value

Oxycodone

Number of patients requiring’ 5/54 18/54 0.004
Total dose® 250 870 0.001
Median dose® 0 (0-70) 0 (0-90) 0.005
Parecoxib

Number of patients requiring’ 0 4/54 n.s
Total dose® 0 160 0.042
Median dose® 0 0 (0-40) n.s
Metoclopramide

Number of patients requiring’ 4/54 14/54 0.018
Total dose® 40 180 0.008
Median dose® 0 (0-10) 0 (0-20) 0.02
Ondansetron

Number of patients requiring” 0 2/54 n.s
Total dose® 0 10 n.s
Median dose® 0 0 (0-5) n.s

$Wilcoxon Mann—Whiney U, Fisher exact test

(nausea) was lower (0.7+0.9 vs. 1.4+1.5, P=0.008)
(Table 3). The number of patients requiring metoclopra-
mide was smaller in group Dexa (P=0.018), and the over-
all metoclopramide consumption was less (P=0.008).
The number of patients requiring ondansetron (n.s.) and
the overall ondansetron consumption (n.s.) were similar
between the groups (Table 2).

Fatigue, knee ROM, LOS, and complications

In group Dexa, the postoperative ICFS score was lower
than group Placebo (74.2+9.9 vs. 85.1+7.5); the differ-
ence was statistically significant (P <0.001), including feel-
ings of fatigue (16.0+5.0 vs. 18.9+3.9, P=0.001), feel-
ings of vigour (18.3+3.5 vs. 20.4+3.2, P=0.002), impact
on concentration (20.4+3.2 vs. 23.6+2.9, P<0.001), and

Table 3 Clinical effect and complications after TKA

Group dexa Group placebo P-value

PONV# 9/54 24/54 0.002
VAS- nausea® 0.7+0.9 14+1.5 0.008
ICFS* 742499 85.1+7.5 <0.001
ROM* 103.4+4.3 102.6+3.8 n.s
LOS* 48+08  5.1x1.1 n.s
Early surgical wound infec- 0 0 -

tion
Gastrointestinal haemorrhage 0 0 -

PONYV postoperative nausea and vomiting, VAS visual analogue scale,
ICFS Identity-Consequence-Fatigue-Scale, ROM range of motion

$Wilcoxon Mann-Whiney U
£Student’s 7 test
Pearson Chi-square test

TFisher’s exact test

impact on energy (19.6+3.1 vs. 22.4+2.5, P<0.001). At
POD3, ROM (n.s.) was similar between the two groups.
LOS (n.s.) was also similar between the two groups. No
patient had early surgical wound infection or gastrointesti-
nal haemorrhage in group Dexa or group Placebo (Table 3).

Discussion

The most important finding of this study was the adminis-
tration of two doses of low-dose perioperative dexametha-
sone for patients receiving TKA can reduce the postopera-
tive level of CRP and IL-6, provide additional analgesic
effect and reduce the incidence of PONYV, and reduce post-
operative fatigue, without increasing the risk of early surgi-
cal wound infection and gastrointestinal haemorrhage.
With its potent anti-inflammatory effects, glucocor-
ticoids have been widely used in TKA for decreasing the
inflammatory response, preventing PONYV, and reliev-
ing postoperative pain and fatigue [7, 12, 15, 18, 19]. The
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type of glucocorticoids includes dexamethasone, methyl-
prednisolone, hydrocortisone, and triamcinolone, and a
wide range of the doses was used (including high dose and
low dose), and administration protocol of glucocorticoids
includes systemic administration and local administration
(intraarticularly or periarticularly) [17, 24].

In this randomized, double-blinded, placebo-controlled
study, two doses of low-dose dexamethasone were intrave-
nously administrated in the perioperative period of TKA,
and they significantly decreased the postoperative level
of CRP and IL-6. Our result was consistent with previous
studies [17, 18]. It has been proven that high levels of CRP
and IL-6 were associated with PONV, pain, fatigue, and
decreased muscle strength [2, 3, 13, 17, 21, 25, 29].

The well-documented and recommended use of systemic
glucocorticoids for PONV reduction is supported by the
results in our study and in previous studies [15, 17, 18].
In our study, the incidence of PONV and the VAS nausea
score were lower in group Dexa, and the consumption of
metoclopramide was less, although the requirement of
ondansetron was similar between the two groups. Thus, it
was shown that the combined use of dexamethasone and
mosapride further reduced PONV compared with mosap-
ride alone. In addition, it has not been proven that local
administration of glucocorticoids can reduce PONV.

Koh et al. reported that the mean reduction of pain VAS
score was 1.6 after a single dose of 10 mg dexamethasone
was administered to patients receiving TKA [15]. Backes
et al. reported that the minimum mean reduction was 2
after dexamethasone was used [1]. In our study, the statis-
tically significant reduction was 0.76 at rest and 0.58 dur-
ing walking. A new concept, minimum clinically signifi-
cant difference, has been put forward to determine if the
reduction of VAS is clinically significant [4]. Jensen et al.
reported that when VAS is applied to evaluate pain, the per-
centage of clinically significant reduction should be at least
33% [11]. Thus, in theory, the reduction should reach 0.67
at rest and 0.84 during walking. Based on this threshold of
clinical significance, in our study, the reduction at rest was
clinically significant, while the reduction during walking
was not. However, we confirmed that along with a statisti-
cally significant reduction of pain VAS, the consumption of
oxycodone and parecoxib in group Dexa was less than that
in group Placebo, which makes it clinically significant.

The review of Lunn [17] supported the result from
a multi-procedure meta-analysis [6] that dexametha-
sone>0.11 mg/kg (administered systemically) might
be needed for opioid sparing and it might be superior for
ameliorating postoperative pain compared with low doses
for reducing PONV (dexamethasone<0.11 mg/kg). In
our study, the mean dose of dexamethasone was 0.33 mg/
kg (when the mean weight was 61 kg), and we found that
two doses of 10 mg IV dexamethasone can reduce overall
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pain at 24 h after TKA, and reduce the consumption of
oxycodone. Koh et al. reported that pre-emptive use of a
single dose of 10 mg dexamethasone reduced postoperative
pain during the 6- to 24-hour period and reduced opioid
consumption during the entire 72-hour period [15]. Lunn
et al. reported that a single, high dose of 125 mg methyl-
prednisolone reduced postoperative pain during the first
48 h [18]. However, we did not find an analgesic effect after
48 h, which may be due to the heterogeneity among studies
regarding type, dosage and administration protocol of glu-
cocorticoids and the perioperative management of TKA. In
addition, as documented in the analysis performed by Lunn
et al., the scientific quality was poor, and the risk of bias
was high in most local administration studies. Thus, they
considered that the effect of local glucocorticoids on pain
and functional recovery should be appraised with certain
reservations [17].

In our study, we assessed fatigue using ICFS. The ICFS
is a validated multidimensional measure that has been
designed specifically to measure fatigue and return to nor-
mal activity in surgical patients [20, 21, 26], including
feelings of fatigue, feelings of vigour, impact on concen-
tration, impact on energy, and impact on daily activities.
The patients in our study were inpatients, and it was hard
to assess the impact on daily activities (e.g. household
chores, cooking, work, shopping, and making visits). Thus,
we only assessed the former four subscales (120 scores in
total). Various studies have shown that systemic adminis-
tration of glucocorticoids (dexamethasone, methylpredni-
solone) could relieve postoperative fatigue [5, 18, 22, 26,
28], which was supported by the findings in our study. To
the best of our knowledge, no study has reported that local
administration of glucocorticoids could relieve postopera-
tive fatigue.

In the study by Lunn et al., they found that no signifi-
cant difference was observed in LOS after administration
of high-dose preoperative methylprednisolone for patients
receiving TKA [18]. Jules-Elyse et al. given two doses of
hydrocortisone to patients receiving bilateral TKA, and
found that LOS of the study group was similar to that of
the control group [12]. In our study, we found that LOS
was similar between the two groups. Backes et al. found a
reduction in length of stay with dexamethasone administra-
tion after total joint arthroplasty (TKA and total hip arthro-
plasty) [1]. It may be due to that our study, as well as the
studies of Lunn et al. and Jules-Elysee et al. included only
patients receiving TKA, while the study of Backes et al.
included patients receiving TKA and total hip arthroplasty.
Another influencing factor in our study was that every
patient needed to stay in hospital more than 3 days after the
operation, which may prolong the LOS.

Despite chronic glucocorticoid use increasing the risk
of infection and gastrointestinal haemorrhage, previous
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studies have not shown that a single dose or two doses of
glucocorticoids perioperatively was associated with such
severe complications [12, 15-18]. In our study, there was
no patient who had early surgical wound infection or gas-
trointestinal haemorrhage in either group, a finding that
supports the safety of the perioperative administration of
glucocorticoids. However, 3 days is not enough to verify
the presence or absence of infection in TKA. Therefore,
studies with a large sample and long-term follow-up are
required to meaningfully evaluate the safety of gluco-
corticoids. Thus, before the final recommendation can
be made, such future studies are required to clarify the
risk—benefit ratio [17].

There are several limitations in our study: (1) the follow-
up period was only 3 days, and it was not sufficiently pow-
ered to verify safety, especially for infection in TKA; (2)
the clinical effect was only evaluated during the first 3 days
after TKA, and the long-term effect of glucocorticoids was
not shown in this study; (3) only two doses of dexametha-
sone were administrated within the first 3 h postoperatively;
the necessity and safety of low-dose dexamethasone within
24 or even 48 h after TKA remains unknown.

It was indicated that for patients receiving TKA, two
doses of low-dose perioperative dexamethasone are effec-
tive and safe method for PONV, postoperative pain or
fatigue because of the inflammatory response after sur-
gery. The study provided a new treatment thought: for the
patients with PONV, postoperative pain or fatigue lasting
for 24 h or even more, low-dose dexamethasone may be
an effective treatment.

Conclusions

The administration of two doses of low-dose periopera-
tive dexamethasone can reduce the level of postopera-
tive CRP and IL-6, reduce the incidence of PONV, pro-
vide additional analgesic effect, and reduce postoperative
fatigue, but it cannot improve ROM or reduce LOS after
TKA, and it did not increase the risk of early surgical
wound infection and gastrointestinal haemorrhage.
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