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Background: Pain after total knee arthroplasty (TKA) affects postoperative recovery and patient satisfac-
tion. The analgesic benefits of corticosteroids have not been well studied. We, therefore, investigated the
analgesic effects of intravenous (IV) dexamethasone (DEX) in patients undergoing a TKA.

Methods: This was a randomized, double-blind, placebo-controlled trial of 0.15 mg/kg of IV DEX vs saline
placebo in unilateral TKA. Fifty patients/arm were recruited. Primary outcomes were pain level, determined
by a visual analog scale, and the amount of morphine consumption (mg) <48 hours post-TKA. Secondary
outcomes were rates of nausea and vomiting, C-reactive protein concentrations, and functional outcomes.
Results: The DEX group had a significantly lower mean visual analog scale score both at rest and during
motion at 12, 15, 18, and 21 hours (P < .05). At 21 hours, the mean difference (A) in pain at rest was —11
points (95% confidence interval [CI], —21 to —2 points; P =.02) while the mean difference in pain during
motion was —15 points (95% CI, —25 to —5 points; P =.004). The DEX group also had lower rates of nausea
and vomiting: 29/50 (58%) vs 42/50 (84%) (P =.008) and lower mean C-reactive protein level: 89 vs 167,
A = —78 mg/L (95% CI, —100 to —58 mg/L, P < .0001). There were no significant differences in mean
morphine consumption by 48 hours, modified Western Ontario and McMaster University Osteoarthritis
Index scores, and range of motion of the knee at 3-month follow-up (P > .05).

Conclusion: IV DEX relieves postoperative pain between 12 to 21 hours after TKA and may be a useful
adjunct for controlling pain in patients undergoing TKA.

© 2019 Elsevier Inc. All rights reserved.

Acute postoperative pain after total knee arthroplasty (TKA) af-
fects patient functional recovery and satisfaction [1]. Multimodal
analgesic drugs have been proposed to optimally control pain and
include opioids, nonsteroidal anti-inflammatory drugs, acetamin-
ophen, and gabapentinoids. Sometimes the use of multimodal
drugs may be contraindicated, for example, nonsteroidal anti-
inflammatory drugs in patients with chronic kidney disease.

Dexamethasone (DEX) is a long-acting glucocorticoid, which has
powerful anti-inflammatory properties and some mineralocorticoid

Investigation was performed at the Orthopedic unit, Thammasat University Hos-
pital, Thammasat University, Pathumthani, Thailand.
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effects. It inhibits peripheral phospholipase resulting in a decrease
of pain-activated products from the cyclooxygenase and lip-
oxygenase pathways [2]. It has frequently been administered in the
preoperative period to reduce postoperative nausea and vomiting
(PONV) [3]. A meta-analysis of randomized controlled trials (RCT) of
intravenous (IV) DEX, dased at >01 mg/kg, suggested it was an
effective adjunct to reduce pain and had opioid-sparing effects after

surgery [4], Unfortunately, this meta-analysis included many kinds
of surgery but only 1 study focused on total hip arthroplasty. Several
types of IV corticosteroids have been prescribed to control pain after
TKA including DEX [5,6], methylprednisolone [7], and hydrocorti-
sone [8,9]. DEX had less fluid retention compared to the other cor-
ticosteroids due to its lower mineralocorticoid effect. There has not
been a high-quality, randomized, placebo-controlled trial that has
examined the effect of IV DEX in controlling pain after TKA.

The purpose of this study is to systematically evaluate the
analgesic efficacy of single-dose preoperative IV DEX compared
with placebo in patients undergoing unilateral primary TKA.
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Materials and Methods

This was a single-center, double-blind RCT with 2 parallel groups
comparing the efficacy of IV DEX with placebo in controlling pain
after TKA. The study was conducted from May 2014 to June 2016 at
Thammasat University Hospital, a tertiary referral hospital. The
ethical review board approved this study (MTU-EC-OT-1-126/56),
and it was registered at www.clinicaltrials.gov (NCT02102815). All
patients provided written informed consent and agreed to partici-
pate in this trial.

Participants

The inclusion criteria were the following: (1) patients with
osteoarthritis of the knee who underwent unilateral TKA, (2) age
between 50 and 85 years, (3) American Society of Anesthesiologists
physical status class I-1II, (4) accomplished spinal anesthesia, and
(5) gave informed consent to participate in this study. The exclusion
criteria included: (1) cognitive functional impairment, (2) severe
kidney or liver disease, (3) allergy to any of the study drugs, (4)
poorly controlled diabetes mellitus (HbA1C > 7.5%), and (5)
received systemic corticosteroids within 3 months before surgery.

Randomization

A research assistant, not otherwise involved in the trial, gener-
ated the randomization list in blocks of 4. The allocation sequences
(1:1 allocation rate) were concealed in 100 consecutively
numbered, opaque, sealed envelopes, which were opened by study
nurses after successful spinal anesthesia (levels L3-L4 or L4-L5
using 27-gauge spinal needle with 10-15 mg of 0.5% bupivacaine).
The patients were given either IV DEX (DEX group) or IV saline
(placebo group). An anesthetist nurse, who was not involved with
patient data collection, prepared and administered the DEX or sa-
line before surgery started.

Study Interventions and Drug Protocol

The DEX group received a 1-time dose of 0.15 mg/kg (4 mg/mL) of
dexamethasone phosphate (LODEXA, L.B.S. Laboratory Ltd, Bangkok,

Thailand) diluted with normal saline to 50 mL; the maximum dose of
DEX in this study was 12 mg. The drug was slowly injected over
5 minutes to reduce perineal pruritus and pain [10], The placebo
group received 50 mL of isotonic saline. Patients, surgeon, and the
evaluator (S. Kanitnate) were blinded to the treatment allocation
throughout the study. The anesthetist nurse who prepared and gave
the drug injections was not involved in patient assessment.

All surgeries were done by or under the supervision of 1 surgeon
(N. Tammachote) using a standard medial parapatellar arthrotomy.
We used a pneumonic tourniquet with pressure equal to the patient’s
systolic blood pressure plus 120 mmHg before the skin incision and
released it after wound closure. Also, 750 mg of IV tranexamic acid
was injected before the skin closure. Suction drains were not used. The
multimodal periarticular drug injection was injected in all patients,
consisting of 100 mg of 5% bupivacaine (20 mL), 30 mg of ketorolac (1
mL), 5 mg of morphine sulfate (5 mL), 0.6 mg of epinephrine (0.6 mL),
mixed with saline until total volume equal to 100 mL.

All patients received the same postoperative pain control pro-
tocol. In the first 48 hours after surgery, we administered 15 or 30 mg
of ketorolac IV every 6 hours, adjusted for age and kidney function (if
the age was more than 65 years or the creatinine clearance was less
than 50 mL/min, patients would receive 15 mg of ketorolac). Three
milligrams of IV morphine was given as patient needed every
3 hours. On the third postoperative day, 250 mg of oral naproxen was
administered twice daily after meals and 50 mg of tramadol was

administered only when patients requested it, up to every 6 h. We
also gave 1300 mg of extended-released acetaminophen every 8 h,
and 25 mg of nortriptyline together with 75 mg of pregabalin at
bedtime. Patients were encouraged to do foot pump exercise and
started to walk with a walker on the second day after surgery. All
patients were followed up at 2, 6, and 12 weeks after surgery.

Study Assessments

The primary outcomes were pain level and the amount of
morphine consumption. The pain level was measured every 3 hours
until 48 hours after surgery and was recorded by patients them-
selves using a 100-mm visual analog pain scale (VAS) at rest and
during motion (knee flexion >45°). A0 mm indicated no pain while
100 mm indicated extreme pain in 1-mm increments. The amount of
morphine consumption was recorded every 12 hours until 48 hours
after surgery.

The secondary outcomes were the following: (1) rate of PONV,
(2) CRP levels (baseline and 48 hours), (3) functional outcomes, and
(4) steroid complications. PONV was defined as any feeling of
nausea, retching, or vomiting occurring during 24-48 hours after
surgery. The patients recorded these symptoms by themselves in
the first 48 hours after surgery. Functional outcomes were
measured using the modified Western Ontario and McMaster
University Osteoarthritis Index (WOMAC) [11] and knee range of
motion (ROM) includes knee flexion and extension angle preoper-
atively, and at weeks 6 and 12 after surgery. Adverse effects of DEX
were assessed by blood glucose concentrations and wound infec-
tion rates; glucose was measured in the morning before surgery
and at 24 and 48 hours after surgery. Wounds were assessed until
12 weeks after operation. The investigator (S. Kanitnate) who was
not aware of the patient’s allocation collected all data in this study.

Statistical Analysis

The sample size was calculated to detect a mean difference of 12
points in the VAS score between the 2 groups. The mean and stan-
dard deviation VAS scores at 24 hours postoperatively in patients
who received IV steroid were approximately 40 and 20 points,
respectively [7]. For a 2-sided alpha of 0.05 and power of 80%, the
calculated sample was 50 patients per arm (including 10% dropouts).

The Student t-test was used to estimate the mean differences in
VAS at rest and during motion, the amount of morphine con-
sumption, and levels of CRP. The frequencies of PONV and wound
complications were analyzed using the 2-tailed Fisher exact test.
Repeated measures analysis of variance was used for comparing
modified WOMAC and ROM between groups. P values less than .05
were considered statistically significant. Analyses were performed
based on intention-to-treat analysis.

Results

One hundred twenty-one patients were assessed for eligibility
to participate in the study and 100 patients were randomized
(Fig.1). Fifty patients in each group were included in the analysis of
the primary outcome. Patients’ baseline characteristics and opera-
tive times were similar between the 2 groups (Table 1).

The DEX group had approximately a 12-point lower pain score
at rest and during motion from postoperative 12 to 21 hours (P <
.05; Table 2; Figs. 2 and 3). At 21 hours, the mean pain at rest dif-
ference (A) was —11 points (95% confidence interval [CI], —21 to —2
points; P = .02) while the mean pain during motion difference
was —15 points (95% CI, —25 to —5 points; P =.004). The amount of
morphine consumption was similar in both groups overall used and
every 12-hour intervals after surgery (P > .05), as shown in Table 3.


http://www.clinicaltrials.gov
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Assessed for eligibility
Enroliment (n=121)

Excluded (n=21)
- Refused to participate (n=10)

- Impaired cognitive function (n=1)
- Severe kidney/liver disease (n=2)

- Allergy to studied drug (n=1)
- Poor controlled diabetes mellitus (n=4)

’ Randomization (n=100) ‘

- Received steroid within 3 months (n=3)

|

Dexamethasone group (n=50)

- Did not receive allocated intervention (n=0)

- Lost to follow-up (n=0)
- Discontinued intervention (n=0)

Analysed (n=50)

- Received allocated intervention (n=50) Allocation - Received allocated intervention (n=50)

- Excluded from analysis (n=0) Analysis - Excluded from analysis (n=0)

l

Placebo group (n=50)

- Did not receive allocated intervention (n=0)

- Lost to follow-up (n=0)
- Discontinued intervention (n=0)

Analysed (n=50)

Fig. 1. The flowchart shows Consolidated Standards of Reporting Trials (CONSORT) diagram of this study. Data were analyzed on an intention-to-treat basis.

The incidence of PONV was significantly lower in DEX group: 29/
50 (58%) vs 42/50 (84%), P =.008, as shown in Figure 4. The mean
difference in CRP levels at 48 hours postoperation (DEX vs placebo)
was —78 mg/L (95% CI, —100 to —58 mg/L, P < .0001). Both groups
had similar postoperative blood glucose concentrations (P > .05) at
24 and 48 hours after surgery (Table 4) as well as similar modified
WOMAC scores and ROM of the knee at 6 and 12 weeks post-
operation (P > .05).

There were no wound infections and the length of hospital stay
was similar between both groups: 3.3 + 0.5 vs 3.4 + 0.7 days, mean
difference, —0.1 (95% CI, —0.4 to 0.2 days; P = .43).

Discussion

Preoperative IV 0.15 mg/kg of DEX significantly reduced pain
between 12 and 21 hours after TKA, by a mean of 11 for pain at rest
and 15 points during motion when compared with placebo. The
effect sizes were approximately 0.5. DEX also reduced the rate of
PONV and the blood CRP level.

Corticosteroids reduce pain by inhibiting prostaglandin syn-
thesis. an essential inflammatory mediator, and reduce vascular
permeability which results in decreased tissue edema [12]. They
also modulate the nociceptive input to the spinal cord. by reducing

pain due to postoperative inflammation [2]. Corticosteroids have

Table 1
Demographic Data.

Variables Dexamethasone Group Placebo Group
(N = 50) (N = 50)

Age® (y) 67 +8 69 +9
Sex (male/female)” 8/42 6/44
BMI? (kg/m?) 27 + 4 27 +4
ASA class® I/II/IIl (n) 6/40/4 4/44)2
Surgical time® (min) 99 + 17 102 + 14
Preoperative modified WOMAC® 51+13 53+ 10
Preoperative alignment

Varus/valgus® (n) 41/9 46/4

HKA angle in varus knee® (°) 168 + 5 167 + 6

HKA angle in valgus knee® (°) 186 + 6 186 + 4
Preoperative knee flexion angle® (°) 126 + 10 123 + 15

BMI, body mass index; ASA, American Society of Anesthesiologists; WOMAC, West-
ern Ontario and McMaster University Osteoarthritis Index; HKA, hip-knee-ankle.

2 The values are given as the mean and the standard deviation or numbers.

b The values are given as the number of patients.

occasionally been used for reducing postoperative pain in other
types of surgery at various doses and different methods of appli-
cation. Oral surgeons use glucocorticoid to reduce pain and
swelling after impacted third molar surgery [13] while general
surgeons used methylprednisolone for postoperative pain relief
after cholecystectomy [14]. Corticosteroids were introduced several
years ago for relieving postoperative pain in total joint arthroplasty
but, unfortunately, it is not widely used due to surgeons’ concerns
and the limited supported evidence. There have been studies
reporting the addition of corticosteroids in periarticular anesthetic
cocktail injections, which provided better pain relieving after TKA
compared to placebo [15,16]. Tammachote el al [17] showed that
lumbar epidural triamcinolone injection reduced subacute pain and
improved knee function in the first 6 weeks after TKA. Despite
these data, there has not been a study that has evaluated the effi-
cacy of IV DEX in controlling pain after TKA using double-blind,
randomized trial with postoperative pain as a primary outcome.

In our study, we used 0.15 mg/kg of DEX and the result
confirmed its efficacy in controlling pain after TKA. This early
postoperative phase is very important because the most severe
pain occurs from 6 to 24 hours after TKA [18]. The half-life of DEX is
36-54 hours and its effects were most apparent in the first 24-
48 hours [2]. In our study, IV DEX significantly reduced pain be-
tween 12 and 21 hours after surgery but the morphine consump-
tion was similar between both groups. Pain scores were similar in
both groups in first 12 hours after surgery, which was probably
influenced by the analgesic effect of the periarticular multimodal
analgesic cocktail, which has been shown to be effective in con-
trolling pain for 12 hours after TKA [19].

A meta-analysis of perioperative DEX found that it was effec-
tive as an adjunct in multimodal strategies to reduce post-
operative pain and opioid consumption [4]. Unfortunately, this
meta-analysis included only 1 orthopedic study investigating
pain following total hip arthroplasty patients. Another meta-
analysis of various kinds of corticosteroids in TKA included 7 tri-
als but only 1 trial focused on the pain as an outcome. It examined
high (>10 mg) and low (<10 mg) dose of DEX equivalence, sug-
gesting a better analgesic effect of the higher dose [20]. Although
studies have shown the efficacy of DEX in controlling post-
operative pain, the lack of head-to-head comparison with placebo
in TKA patients has led surgeons to avoid using corticosteroids to
control postoperative pain.
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Table 2
Mean VAS Score in the First 48 Hours After Operation.
Parameters Dexamethasone Group (N = 50)* Placebo Group (N = 50)° Difference® P Value
VAS at rest (points)
Postop 3 h 25+ 31 34 + 31 -9 (-21to03) .16
Postop 6 h 30«29 30 + 31 0(—12to 12) 98
Postop 9 h 28 + 25 31 +32 —3(-14t0 8) .60
Postop 12 h 25+24 37 £33 -12(-23to -0.2) .046¢
Postop 15 h 24 £ 22 36 + 31 —-12(-23to -1) .03¢
Postop 18 h 21+20 34 + 31 ~13(-24to -3) 01¢
Postop 21 h 20 +20 31+27 —-11(-21to -2) .02¢
Postop 24 h 21+ 21 27 + 26 -6 (—16 to 3) .16
Postop 27 h 22 +24 26 + 23 ~4(-131t0 6) 46
Postop 30 h 19+ 20 27 +24 -8 (-17t0 0.8) .07
Postop 33 h 19 + 20 25+ 22 -6 (-14to0 3) .19
Postop 36 h 20 + 23 24 +24 —4(-13t0 5) 38
Postop 39 h 18 + 22 22 +22 —4(-12to5) 43
Postop 42 h 18 +20 19+ 18 -1(-9t07) .76
Postop 45 h 16 + 20 17 =19 -1(-8to7) .85
Postop 48 h 16 + 20 16 +19 0(-8to8) .99
VAS during motion (points)
Postop 3 h 39 +32 47 + 35 —-8(-221t05) 21
Postop 6 h 43 + 31 47 + 32 —4(-17 to 8) A7
Postop 9 h 42 + 27 46 + 31 —4(-16to 7) 42
Postop 12 h 41 +23 52 +32 -9 (-22to -0.2) .047¢
Postop 15 h 40 + 23 52 +32 —-12(-23to -1) .03¢
Postop 18 h 38 +23 52 +30 —14 (—24 to -3) .01°¢
Postop 21 h 36 +23 51 +28 —15(-25to -5) .004°¢
Postop 24 h 39 +23 45 + 28 —6(—16 to 4) 22
Postop 27 h 40 + 26 48 + 27 —8(-19t02) 13
Postop 30 h 38 +22 45 + 22 -7(-16to 1) .10
Postop 33 h 38+24 45 + 24 —7(-17 to 3) 15
Postop 36 h 36 + 27 42 + 24 —6(—-16 to 4) 23
Postop 39 h 33+24 38 + 24 —5(-15 to 4) 24
Postop 42 h 31+23 34 +23 -3(-13t06) 44
Postop 45 h 29 £ 21 34 +23 -5(-14to 4) 25
Postop 48 h 29 +22 33425 —4(-13 to 6) 45

VAS, visual analog scale; postop, postoperative.
2 The values are given as the mean and the standard deviation.
b The values are given as the mean, with the 95% confidence interval in parentheses. The differences were calculated using placebo as baseline; a negative value indicates a
lower score in the dexamethasone group.
¢ A significant difference between the 2 groups (Student t-test).

To our knowledge, no study has thoroughly evaluated the effect

mixed patient population undergoing TKA and total hip arthroplasty

of IV DEX in relieving pain whether at rest or during motion after
TKA every 3 hours for 48 hours. Most studies have focused on its
antiemetic effect and evaluated pain once a day or reported on a

60 -e-Dexamethasone

-e-Placebo

50 +

30 +

20 +

Pain at rest (VAS) (0-100)

3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48

Hour

Fig. 2. The graph showed mean VAS score for pain at rest in the 2 groups at each time
point. The error bars indicated the standard error of the mean. There was a significant
difference between the groups from postoperative 12 to 21 hours (*P < .05), and also
shown in Table 2. VAS, visual analog scale.

(Table 5). Lunn et al [7] showed that 125 mg of IV methylpredniso-
lone reduced pain at rest and on motion up to 48 hours after TKA.
Their study used an equivalent of 3 times the dose of DEX (= 25 mg of

*

r—Aﬁ

&0 -e-Dexamethasone

-e-Placebo

50 +

40 +

30 +

20 +

Pain during motion (VAS) (0-100)

10 +

3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48

Hour

Fig. 3. The graph showed mean VAS score for pain during motion in the 2 groups at
each time point. The error bars indicated the standard error of the mean. There was a
significant difference between the groups from postoperative 12 to 21 hours (*P < .05),
and also shown in Table 2.
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Table 3
Morphine Consumption in the First 48 Hours After Operation.
Parameters Dexamethasone Placebo Difference” PValue
Group Group
(N = 50) (N = 50)
Morphine
consumption
(mg)*
Overall (0-48 h) 7.0 +£4.7 81+6.1 -1.1(-33to1.1)
Postop 0-12 h 2.0+25 22+24 -02(-1.2t00.7)
Postop 12-24 h 1.7 +22 22+23 -05(-1.5t00.3) .19
Postop 24-36 h 13+18 1.6 +2.1 -0.3(-1.1to 0.5) .45
Postop 36-48 h 19 +21 19+22 0(-0.9to 0.8) .96

Postop, postoperative.

2 The values are given as the mean and the standard deviation.

b The values are given as the mean, with the 95% confidence interval in paren-
theses. The differences were calculated using placebo as baseline; a negative value
indicates a lower score in the dexamethasone group.

DEX) compared with our study; such a high dose might make the
analgesic effect last longer compared to our dose of DEX although
the half-life of methylprednisolone is shorter (18-36 hours) [2]. A
systematic review of IV corticosteroids in hip or knee arthroplasties
reported that they reduced pain during ambulation at 24 hours after
surgery [22] and 1 recent study observed that 8 mg of IV DEX after
hip and knee arthroplasties resulted in a 20% reduction in pain
scores on the first postoperative day [23]. In our study, the reduction
in pain level was approximately 30%. Our study confirmed that the
analgesic effect of DEX lasted approximately 21 hours; thereafter,
the pain between the 2 arms was similar. Another study of multiple
doses of DEX injection (at 0, 24, and 48 hours) also reduced post-
operative pain in days 1, 2, and 3 [24].

DEX is a well-known effective antiemetic drug in PONV [25] via a
direct central activation of the glucocorticoid receptors in the
bilateral nuclei tractus solitarii in the medulla [26,27]; meta-
analyses confirm reduced PONV rates after TKA [20,28]. We recon-
firmed this in our study, with an almost gne-third reduction in PONV
compared to placebo.

The anti-inflammatory effects of corticosteroids are due to a
reduction in systematic inflammatory markers in patients under-
going TKA [8,9,21]; one RCT showed a significant CRP reduction
compared to placebo at 24 hours post-TKA [7]. Moreover, 10 mg of IV
DEX resulted in an acute (<48 hours) CRP reduction nearly 50% but
this effect was lost by 2 weeks [29] which was consistent with our
study. Post-TKA, 48 hours is the time of peak CRP concentration [30].

Many surgeons may be concerned by the adverse effects of
corticosteroids on many organ systems, especially hyperglycemia,
suppression of the immune system, and inhibition of the
hypothalamic-pituitary-adrenal (HPA) axis. Several meta-analyses

25 u Dexamethasone

0 I
0 1 4

2 3
Incidence of PONV

= Placebo

Number of patient

Fig. 4. The histogram showed the incidence of postoperative nausea and vomiting (PONV).

Table 4
Postoperative Outcomes.
Parameters Dexamethasone Placebo Group Difference” P Value
Group (N = 50)* (N = 50)*
CRP level (mg/L)
Preop 3+3 3+4 0(-1.5to0 1.4) .95
Postop 48 h 89 + 51 167 +£53 —78 (—100 to —58) <.0001¢
Modified WOMAC (points)
Preop 51+13 53+10 -2 (-61t0 3) .55
Postopwk 6 26 +7 26 +6 0(-3to2) .73
Postopwk 12 15+ 7 15+6 0(-2t03) 55
Knee flexion (°)
Preop 126 + 10 123 +15 3(-1t09) .14
Postopwk 6 130 + 7 127 +7 3(-1to5) .06
Postopwk 12 135 +5 134 +5 1(-1to3) 21
Knee extension (°)
Preop 01+4 03+4 -02(-1.8t014) .80
Postopwk 6 0.2 +0.9 05+ 14 -0.3(-0.7 t0 0.2) 32
Postopwk 12 0.2 + 0.8 0.2 +0.9 0(-04to0.3) .73
Blood sugar (mg/dL)
Preop (FBS) 102 + 16 105 + 22 —3(~11to 4) 40
Postop24h 133 +29 125 + 27 8 (-3 to 20) 13
(RBS)
Postop48 h 118 +25 121 £ 25 -3(-13t0 6) 49
(RBS)

CRP, C-reactive protein, WOMAC, Western Ontario and McMaster University
Osteoarthritis Index; preop, preoperative; postop, postoperative.

@ The values are given as the mean and the standard deviation.

b The values are given as the mean, with the 95% confidence interval in paren-
theses. The differences were calculated using placebo as baseline; a negative value
indicates a lower score in the dexamethasone group.

¢ A significant difference between the 2 groups (Student t-test). The blood sugar
level at preoperation was fasting blood sugar (FBS) but postoperative blood sugar
level was random blood sugar (RBS).

indicate that IV DEX is associated with hyperglycemia on the first
postoperative day in a dose-dependent manner [20,31]. Cortico-
steroids provide a substrate for oxidative stress metabolism
increasing hepatic glucose production, lipolysis, and proteolysis
[32], and higher DEX doses resulted in greater hyperglycemia [33].
One study compared type 2 diabetics to nondiabetic patients and
showed similar postoperative hyperglycemia after administration
of 8 mg of IV DEX [34]. Our study, which excluded patients with
poorly controlled diabetes mellitus, found similar random glucose
concentrations at 24 hours after injection in both groups. However,
corticosteroids should be used cautiously in patients with diabetes
mellitus who need glucose monitoring.

Theoretically, corticosteroids could inhibit the inflammatory
phase of wound healing; this phase is characterized by cellular
migration and increased vascular permeability and also reduced
concentrations of insulin-like growth factor-1 and growth factor-5,
both of which are important cellular signals for re-epithelialization
of wounds, collagen deposition, angiogenesis, and fibrogenesis
[35]. This coupled with steroid-induced immunosuppression may
increase the risk of wound infection. However, meta-analyses and
reviews found that single-dose intraoperative DEX did not increase
the risk of surgical site infections [4.20.28.31.36]. Vuorinen et al [37]
analyzed 19,000 hip and knee arthroplasties, including the re-
visions, and reported that the use of 5-10 mg of DEX did not in-
crease the rate of postoperative periprosthetic joint infection.

Our study had some limitations. First, the sample size was small;
with 50 patients per arm, our statistical power to detect rare events
such as periprosthetic infection was limited. Second, we prescribed
multimodal pain control, which included an anesthetic cocktail
injection and IV ketorolac to protect patients from severe pain and
this may have resulted in reduced morphine use by both arms but
we were able to detect a difference in pain score. The average pain
at rest was approximately 30-40 points. The patients might feel
more pain but insufficient to request the extra analgesic drug.
Aubrun et al observed that the relationship of VAS and morphine
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Table 5

The Previous Randomized Controlled Trials of Intravenous Corticosteroid Injection in Unilateral TKA.

CRP Level

PONV

Opioid Consumption

Pain Reduction

Study Intervention Primary Outcome

Number
48

Study

Lower CRP level

at24h

Lower number of patients

Less oxycodone

Lower overall VAS at 2-48 h
and VAS during walking at

2-32h

Pain during walking 24 h
(VAS at 2, 4, 6, 24, 28, 32,

and 48 h)

Methylprednisolone 125

Lunn et al [7]

vomiting and requiring Ond

at PO 0-24 h

consumption in 24 h

mg vs placebo before spinal

anesthesia

NA

Lower incidence of PONV

during 72 h

Less fentanyl consumption

in72 h

Lower VAS at PO 6-24 h

Incidence of PONV

DEX 10 mg + Ram vs Ram

269

Koh et al [5]

only at 1 h before surgery

Lower use of antiemetic

drug

NA

Lower antiemetic drug at

PO days O, 1, 2

1,2 vs 3—less hydrocodone

used in 48 h

1,2 vs 3—lower VASin 48 h
1 vs 2—no difference in VAS

Length of hospital stay

(1) 2 Doses of DEX 10 mg
(prior induction and PO

120 (47 THA, 73 TKA)

Backes et al [6]

Lower antiemetic drug

1vs 2—less hydrocodone
used in the second day

24 h) + Ond vs (2) DEX 10

mg + Ond vs (3) Ond

when second dose of DEX
was added at PO day 2

N. Tammachote, S. Kanitnate / The Journal of Arthroplasty xxx (2019) 1-7

Lower CRP and
IL-6 at 24, 48,

and 72 h

Lower incidence of PONV

(17% vs 44%)

Less oxycodone and

Lower VAS at 24 h

Inflammation markers (CRP

and IL-6)

2 Doses of DEX 10 mg (after
GA and at inpatient unit) vs

placebo

108

Xu et al [21]

parecoxib used in 72 h

Lower CRP

Lower incidence of PONV

Similar morphine
(58% vs 84%)

Lower VAS at rest and on

motion 12-21 h

Pain level (VAS every 3 h

until 48 h)

DEX 0.15 mg/kg vs placebo

before surgery

100

Present study

level at 48 h

consumption in 48 h

TKA, total knee arthroplasty; THA, total hip arthroplasty; DEX, dexamethasone; Ram, ramosetron; Ond, ondansetron; PO, postoperative; PONV, postoperative nausea and vomiting; GA, general anesthesia; VAS, visual analog

scale; CRP, C-reactive protein; IL-6, interleukin-6.

dose was like a sigmoid curve. The morphine consumption was not
correlated well to the pain severity when the patients had mild
pain or extremely severe pain [38]. Third, we investigated hyper-
glycemia with only 2 random glucose samples at 24 and 48 hours
post-TKA; thus, our sensitivity for detecting hyperglycemia was
quite low. Finally, patients received different doses of ketorolac due
to drug recommendation. We did subgroup analysis and observed
41 patients received full dose (30 mg) of ketorolac while 59 patients
received half dose (15 mg) of ketorolac. The difference between
mean of VAS in between DEX group and placebo group was higher
in the patients who received half dose of ketorolac. The analgesic
effect of full dose of ketorolac might obscure the effect of DEX, and
this finding emphasized the benefit of DEX to reduce pain in pa-
tients who could not get full regimen of multimodal analgesia.

In conclusion, combined with multimodal pain regimens in TKA,
a single preoperative IV DEX reduced pain whether at rest and
during motion during a tight window between 12 and 21 hours
post-TKA and reduced the rate of nausea/vomiting and inflamma-
tory response in postoperative acute period. Thus, single-dose IV
DEX represents a promising approach in postoperative pain man-
agement and may be suitable for patients with contraindication to
multimodal pain regimens. More research is needed to define the
optimal doses of IV DEX and its duration of administration.
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