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Abstract

Background: The effects of glucocorticoids may include both genomic and rapid

nongenomic effects. The potential rapid analgesic effect during surgery has not

previously been investigated. We aimed to explore the effect of dexamethasone on

intraoperative infusion rate of remifentanil in patients undergoing total knee

arthroplasty (TKA) surgery under general anaesthesia.

Methods: In this post hoc subgroup analysis, we included patients randomised in the

DEX-2-TKA trial, who were operated under total intravenous anaesthesia with remi-

fentanil and propofol. Trial medication, intravenous dexamethasone 24 mg or pla-

cebo, was administered immediately after anaesthesia onset. The primary outcome

was the median weight-corrected infusion rate of remifentanil during surgery. Sec-

ondary outcomes included median weight-corrected infusion rate of propofol,

median intraoperative bispectral index and time spent in the post-anaesthesia

care unit.

Results: Eighty-seven patients were included in the analysis of the primary outcome.

A significantly higher remifentanil infusion rate was observed in the dexamethasone

group compared with the placebo group, p = .02. None of the secondary outcomes

resulted in statistically significant differences between groups.

Conclusion: This explorative post hoc analysis of the randomised DEX-2-TKA trail

showed that patients undergoing TKA surgery under general anaesthesia and who

received dexamethasone seemed to have a higher remifentanil infusion rate com-

pared with patients who received placebo. The clinical implications of the potentially

increased remifentanil infusion rate need to be validated and explored further.

Clinical trial registration: ClinicalTrials.gov Identifier: NCT05002361 (12 August 2021).
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Editorial Comment

Pre-operative dexamethasone has been used to try to reduce early post-operative pain. In this

post hoc analysis from trial data which found this post-operative analgesic effect, even earlier

and intraoperative analgesic effects were explored. The findings included higher received doses

of intraoperative remifentanil associated with dexamethasone pre-treatment, which was

unexpected.

1 | INTRODUCTION

Glucocorticoids have anti-inflammatory and immunosuppressive

effects and are recommended for post-operative nausea and vomiting

(PONV) prophylaxis.1–3 Recently, the randomised, blinded, multicentre

DEX-2-TKA trial showed a reduction in pain intensity and morphine

consumption the first 48 h after surgery in patients undergoing total

knee arthroplasty (TKA) given one and two doses of 24 mg dexameth-

asone compared with placebo.4

Glucocorticoids inhibit both the early and the late mechanisms that

contribute to the inflammatory response.5 This includes direct and indi-

rect effects on gene expression (onset within hours) and nongenomic

effects (onset within minutes) both with analgesic and anti-hyperalgesic

effects.5–7 The potential rapid onset of the analgesic effects during sur-

gery has, to our knowledge, not previously been investigated.

For general anaesthesia, remifentanil, a synthetic short acting μ-1

opioid receptor agonist, is often used. Remifentanil provides strong

analgesia with a rapid onset and a short halftime,8 but may also be

associated with adverse effects such as opioid induced hyperalgesia,

opioid tolerance, increased post-operative opioid consumption, post-

anaesthetic shivering, hypotension, bradycardia and muscle

rigidity.9–11 Thus, the lowest possible dose of remifentanil for ade-

quate anaesthesia should be applied.

In this post hoc subgroup analysis of the DEX-2-TKA trial, we

aimed to explore the hypothesis that dexamethasone administered

shortly before surgery lowers the intraoperative infusion rate of remi-

fentanil compared with placebo. Secondarily, we aimed to explore the

effects on the intraoperative infusion rate of propofol, anaesthesia

depth and time spent in the post-anaesthesia care unit (PACU).

2 | METHODS

2.1 | DEX-2-TKA study design and trial procedures

DEX-2-TKA was a randomised, blinded, multicentre trial including par-

ticipants undergoing primary TKA, conducted to investigate the

effects of dexamethasone on morphine consumption, levels of post-

operative pain and harm.12 The trial was approved by the Regional

Committee on Health Research Ethics, Region Zealand (SJ-695;

07 May 2018), the Danish Medicines Agency (EudraCT-number

2018-001099-30; 25 May 2018) and the Danish Data Protection

Agency (REG-034-2018; 14 August 2018) and was monitored by the

Good Clinical Practice Units at Copenhagen and Odense University

Hospitals, Denmark. The methodology has previously been described

in detail in the published protocol,12 the statistical analysis plan13 and

the main result publication.4 In short, the trial was conducted at one

private and four public Danish hospitals. Patients were randomised

into one of three groups receiving either: dexamethasone + placebo,

dexamethasone + dexamethasone or placebo + placebo in a 1:1:1

ratio. The first dose of trial medication (intravenous dexamethasone

24 mg or placebo) was administered immediately after onset of anaes-

thesia. Twenty-four hours after end of surgery, the second dose (intrave-

nous dexamethasone 24 mg or placebo) was administered. Patients

received either spinal anaesthesia or general anaesthesia (where remifen-

tanil and propofol were preferred). Propofol and remifentanil were

titrated to achieve a temporary comatose patient eligible for surgery,

with pulse and blood pressure within the normal range and ceased ciliary

reflex.14,15 Before end of surgery, all patients received intravenous

ondansetron 4 mg. For patients operated under general anaesthesia,

intravenous sufentanil (0.3 μg kg�1) was administered at the end of

surgery. All participants received a protocolled non-opioid analgesic

pain alleviation regime comprised of oral paracetamol 1 g and

ibuprofen 400 mg given 1 h before and every 6 h after surgery, and the

surgeon administered local infiltration analgesia, 150 ml ropivacaine

1.444 mg ml�1, intraoperatively according to a standardised regimen.

2.2 | Post hoc study design

The present study is an explorative post hoc subgroup analysis includ-

ing patients randomised in the DEX-2-TKA trial, who were operated

under general anaesthesia. Patients, who did not receive general

anaesthesia with remifentanil and propofol and patients with missing

anaesthesia journal were excluded.

As the two original groups from the DEX-2-TKA trial, who received

dexamethasone shortly before surgery, were identical at the time of out-

come assessment in the present study, they were merged to one and

compared with placebo. Despite being a post hoc analysis, outcomes and

statistical analysis plan were defined, and the trial independently regis-

tered with clinicaltrials.gov (identifier: NCT05002361, 12 August 2021)

prior to data analyses and unblinding of the post hoc study population.

2.3 | Outcomes measures

The primary outcome was the median weight-corrected infusion rate

of remifentanil (total amount of intraoperative remifentanil adjusted
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for body weight and duration of surgery) from initial surgical incision

until last suture (μg kg�1 h�1).

The secondary outcomes were the median weight-corrected

infusion rate of propofol from initial surgical incision until last

suture (mg kg h�1); the median intraoperative bispectral index (BIS)

from initial surgical incision until last suture (only for patients at

Næstved Hospital where it is a standard measure) and the median

time spent in PACU (from arrival at PACU until transfer to the

orthopaedic ward, in minutes). For all outcomes, comparisons

between the dexamethasone group and the placebo group were

conducted.

2.4 | Data collection

To collect data from the participating hospitals, Sundhedsplatformen

(EPIC, Verona, WI, USA) was used at Bispebjerg Hospital, Næstved-

Slagelse-Ringsted Hospitals and Køge Hospital. For Gildhøj Private

Hospital and Odense University Hospital, data were collected from

handwritten anaesthesia reports. Data on propofol and remifentanil

were collected from initial surgical incision till last suture. If anaesthe-

sia was converted from spinal anaesthesia to general anaesthesia after

surgical incision, data were collected from airway management till last

suture. Data on infusion rate and exact time for changes were col-

lected. These data were used to calculate the total amount of remifen-

tanil and propofol using the following concentrations: propofol

10 mg ml�1 and remifentanil 50 or 60 μg ml�1, and corrected for body

weight and duration of surgery. Body weight was collected from the

electronic medical record as either measured or patient reported body

weight before surgery. Data on time spent in PACU were also col-

lected from anaesthesia reports either handwritten or from EPIC.

Time spent in PACU was calculated from arrival till departure from

PACU. BIS data were collected from EPIC only on patients from

Næstved Hospital, where BIS is used as standard measure during sur-

gery. BIS data were registered every 5 min from initial surgical incision

till last suture.

2.5 | Statistical methods

This post hoc subgroup analysis was explorative by nature, and we

used a significance level of p ≤ .05. The analyses were carried out for

all patients.

The statistical analyses were planned and made public after pri-

mary DEX-2-TKA data collection but before data analyses of this post

hoc study. Analyses were conducted blinded to allocation. Testing

assumptions for the pre-planned linear regression analyses showed

none of the outcomes to be normally distributed. Therefore, all out-

comes were analysed using non-parametric statistical methods, the

same used in the DEX-2-TKA trail.4 Van Elteren test was used for data

where adjustment for site was needed. Wilcoxon rank sum test with-

out continuity correction was used for BIS where data were only

available for one site. Results were presented as median, interquartile

range (IQR), Hodges–Lehmann median difference (HLMD) with

F IGURE 1 Exclusion and primary
outcome population
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corresponding 95% confidence intervals (CI) and p-values. Assess-

ments of underlying statistical assumptions were performed following

the recommendations by Nørskov et al.16

Two statisticians (J. C. J. and M. H. O.) independently prepared a

statistical report, which were compared for any discrepancies. The dis-

crepancies were logged and any changes for the final report were

described. The final report, the two original reports and the discrepan-

cies log are attached as Supplemental Material.

3 | RESULTS

In the DEX-2-TKA trial 485 patients were randomised, hereof

94 (19.4%) patients underwent surgery under general anaesthesia. Six

patients were excluded due to missing anaesthesia journal or use of

sevoflurane anaesthesia. Thus, a total of 88 patients were included,

and 87 patients were included in the analysis of the primary outcome

(1 missing due to lack of infusion data from the propofol and remifen-

tanil pumps) (Figure 1).

There were minor differences in baseline characteristics between

groups in the proportion of male sex, Type 2 diabetes and daily use of

analgesics in the last month (Table 1).

A significantly higher remifentanil infusion rate was observed for

patients in the dexamethasone group versus the placebo group;

median: 23; IQR: 19–28 μg kg�1 h�1 versus median: 20; IQR: 16–

25 μg kg�1 h�1; HLMD 3.1; 95% CI �0.2 to 6.2 μg kg�1 h�1; p = .02

(Table 2, Figure 2).

None of the secondary outcomes resulted in statistically signifi-

cant differences between groups (Table 3, Figure 2).

Furthermore, a histogram has been made presenting the placebo

group and the dexamethasone group on the y-axis with each patient

represented as a dot corresponding to the remifentanil infusion rate

on the x-axis (Figure 3).

4 | DISCUSSION

This study found a higher remifentanil infusion rate during TKA sur-

gery in patients who received dexamethasone shortly after general

anaesthesia induction compared with patients who received placebo.

No significant differences were found in propofol infusion rate, BIS

and time spent in PACU.

These exploratory results contradict our hypothesis of an analge-

sic sparing effect of dexamethasone.17 However, the magnitude of

the observed difference in remifentanil infusion rate was small. The

TABLE 1 Baseline and perioperative characteristics

Intervention group

Dexamethasone

(N = 60)

Placebo

(N = 28)

Baseline characteristics

Age—year, mean (SD) 69 (±10.0) 69 (±8.8)

Male—sex, no. (%) 23 (38%) 12 (43%)

Female—sex, no. (%) 37 (62%) 16 (57%)

American Society of

Anaesthesiologists Physical

Status—no. (%)

Healthy 5 (8%) 2 (7%)

Mild systemic disease 45 (75%) 21 (75%)

Severe systemic disease 10 (17%) 5 (18%)

Body mass index, kg (m2)�1—
mean (SD)

30 (±4.6) 31 (±4.5)

Diabetes Type 2—no. (%) 6 (10%) 4 (14%)

Insulin treated 0/6 (0%) 0/4 (0%)

Other diabetic treatments 5/6 (83%) 3/4 (75%)

Prior daily use (last month) of

analgesic medication—no. (%)

Paracetamol (acetaminophen) 29 (48%) 13 (46%)

NSAID 17 (28%) 7 (25%)

Opioids (max 30 mg

morphine equivalents/day)

4 (7%) 1 (4%)

Perioperative characteristics

Duration of surgery, min—
median (IQR)

64 (57–71) 68 (58–78)

Type of knee arthroplasty—no.

(%)

Cemented 1 (1.7%) 0 (0%)

Cement less 26 (43.3%) 14 (50.0%)

Hybrid 33 (55.0%) 14 (50.0%)

Type of anaesthesia—no. (%)

Planned total intravenous

general anaesthesia

54 (90.0%) 24 (85.7%)

Conversion of spinal to total

intravenous general

anaesthesia

6 (10.0%) 4 (14.3%)

Amount of sufentanil, μg—mean

(SD)

25 (±8.3) 24 (±12.0)

Blood loss, ml—median (IQR)a 150 (100–200) 150 (39–200)

Administration of 4 mg

ondansetron PONV-

prophylaxis—no. (%)

56 (93.3%) 27 (96.4%)

Administration of local

infiltration analgesia—no. (%)

59 (98.3%) 28 (100%)

Abbreviations: IQR, interquartile range; NSAID, nonsteroidal anti-

inflammatory drugs; PONV, post-operative nausea and vomiting.
aIntraoperative blood loss was registered at the end of surgery comprising

blood in the suction bottle and gauze.

TABLE 2 Primary outcome: remifentanil infusion rate

Intervention group

Dexamethasone

(N = 60)

Placebo

(N = 27)

Remifentanil infusion rate,

μg kg�1 h�1—median (IQR)

23 (19–28) 20 (16–25)

Difference (95% CI), μg kg�1 h�1 3.1 (�0.2 to 6.2), p = .02

Note: Difference between medians is calculated using Hodges–Lehmann

estimator; p-value has been calculated using van Elteren test.

Abbreviations: CI, confidence interval; IQR, interquartile range.
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difference corresponds to a median difference of 248 μg (≈ 5 ml remi-

fentanil of standard concentration) for a standard patient of

80 kg h�1. Thus, the clinical relevance should be explored further. The

finding might also be random (Type 1 error) due to the post hoc

design, as discussed under limitations. However, since no other stud-

ies have investigated the potential effect of dexamethasone given

shortly before surgery on intraoperative remifentanil infusion rate,

potential factors influencing on the result should be considered, as

discussed below.

Remifentanil is a well-known analgesic drug with anaesthetic

properties that makes it suitable for total intravenous anaesthesia.9

Because of the analgesic properties, the infusion rate of remifentanil

is often regulated when surgical pain stimuli appear in order to pre-

vent pain, awareness and sympathetic activation. Scott et al. showed

that loss of response to pain occurred at 4.4 μg ml�1 in patients

receiving only propofol, and at 2.7 μg ml�1 in patients receiving pro-

pofol plus remifentanil.18 A time- and body weight-corrected remifen-

tanil infusion rate may therefore be used as a surrogate marker for

the level of intraoperative pain.

Our hypothesis was based on the assumption that a fast-inserting

analgesic effect of dexamethasone exists. This cannot be excluded by

our findings. However, our primary finding indicates that the potential

fast-inserting analgesic effect of dexamethasone is not measurable by

the intraoperative use of remifentanil.

Dexamethasone may, however, also have other effects potentially

explaining our findings. This includes hemodynamic effects such as

hypertension.19 These hemodynamic effects of dexamethasone have

been suggested to reduce mortality in patients with septic shock as

treatment with dexamethasone may be associated with shock reversal

and more vasopressor-free days.20,21 However, dexamethasone has

the lowest (if any) mineralocorticoid effect of commonly used gluco-

corticoids and was therefore chosen in the DEX-2-TKA trail.22,23

Dexamethasone may also induce mood symptoms such as euphoria or

hypomania.24,25 Glucocorticoid effects on the central nervous system

appear to be dose-dependent, thus increasing the risk of hypomania

with high-dose dexamethasone.24,25 Therefore, questions could be

asked on whether these phenomena might affect the dose of remifen-

tanil needed to avoid awareness.

As no valid single measure of intraoperative pain exists, the

anaesthetist depends on clinical parameters to titrate remifentanil to

adequate anaesthesia. In clinical practice and in the present study it

F IGURE 2 Illustration of interventions

TABLE 3 Secondary outcomes: propofol infusion rate, bispectral
index and time spent in PACU

Intervention group
Dexamethasone
(N = 60)

Placebo
(N = 27)

Propofol infusion rate,

mg kg�1 h�1—median (IQR)

4 (3–5) 4 (3–4)

Difference (95% CI),

mg kg�1 h�1

0.3 (�0.04 to 0.7), p = .13

N = 18 N = 11

BIS—median (IQR) 48 (41–55) 45 (43–54)

Difference (95% CI) �1.6 (�6.5 to 5.3), p = .72

N = 59 N = 28

PACU time, min—median (IQR) 135 (90–176) 111 (92–181)

Difference (95% CI), min 0.2 (�0.3 to 0.6), p = .44

Note: Differences between medians are calculated using Hodges–
Lehmann estimator; p-values have been calculated using van Elteren test.

Abbreviations: BIS, Bispectral index; CI, confidence interval; IQR,

interquartile range; PACU, post-anaesthesia care unit.
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was based on an assessment by the anaesthetist.14 Thus, it may be

speculated that the higher remifentanil infusion rate observed in the

dexamethasone group may be explained by increased blood pressure

or hypomania, handled by the anaesthetist with increased remifentanil

infusion rate.

4.1 | Limitations and strengths

The strength of this study is the high-quality data derived from the

randomised, blinded, multicentre DEX-2-TKA trial with only few miss-

ing data.4 The analyses were performed blinded by two independent

statisticians, preparing two separate statistical reports and afterwards

comparing for discrepancies in a third report.

The study also has limitations. It is a post hoc analysis with inherit

Type 1 error risk for the significant primary finding, and results are by

nature exploratory and hypothesis generating. However, despite

being a post hoc analysis, outcomes and statistical analysis plan were

pre-defined (but after data collection), and the trial independently reg-

istered with clinicaltrials.gov prior to data analyses and unblinding.17

Moreover, the study population was relatively small and especially

data on BIS was limited. Thus, the lack of statistical evidence for a dif-

ference regarding insignificant secondary outcomes might be due to

lack of power (Type 2 error). Furthermore, the adjustment of infusion

rates of remifentanil and propofol are subjectively based on clinical

assessment by the anaesthetist as in clinical practice but is also a

study limitation. Moreover, the infusion rates were corrected for body

weight and time of surgery, however, other confounding factors not

accounted for might also influence on the infusion rates and results.

Finally, the 95% CI of the remifentanil infusion rate includes 0. This

indicates that the result is insignificant. However, Hodges–Lehman

cannot stratify for site like the Van Elteren test, which explains the

discrepancies in the result of the p-value and 95% CI for the primary

outcome. We pre-defined to analyse data using the van Elteren test,

and that result should be considered our primary result. However,

whether we identified a statistically significant difference depended

on the chosen statistical method, which should be considered when

interpreting our results.

In conclusion, this explorative post hoc analysis of the random-

ised DEX-2-TKA trial showed that patients undergoing TKA under

general anaesthesia with remifentanil and propofol and who

received dexamethasone shortly before surgery, seemed to have a

higher remifentanil infusion rate compared to patients who received

placebo, and thereby contradicting our primary hypothesis. No sig-

nificant differences were found in propofol infusion rate, BIS or time

spent in PACU. The clinical implications of the potentially increased

remifentanil infusion rate need to be validated and explored further.
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