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Abstract

Background: The patient-relevant minimal important difference for opioid consump-

tion remains undetermined, despite its frequent use as primary outcome in trials on

postoperative pain management. A minimal important difference is necessary to eval-

uate whether significant trial results are clinically relevant. Further, it can be used as

effect size to ensure that trials are powered to find clinically relevant effects. By

exploring the dose–response relationship between postoperative opioid consumption

and opioid-related adverse effects, we aim to approximate the minimal important dif-

ference in opioid consumption anchored to opioid-related adverse effects.

Methods: This is a post-hoc analysis of aggregated data from two clinical trials

(PANSAID NCT02571361 and DEX2TKA NCT03506789) and one observational

cohort study (Pain Map NCT02340052) on pain management after total hip and knee

arthroplasty. The primary outcome is the Hodges–Lehmann median difference in opi-

oid consumption between patients with no opioid-related adverse effects and

patients experiencing the mildest degree of one or more opioid-related adverse

effects (i.e., mild nausea, sedation and/or dizziness or vomiting). Secondary outcomes

include the Hodges–Lehmann median difference in opioid consumption that corre-

sponds to one point on a cumulated opioid-related adverse event 0–10 scale. Fur-

ther, we will explore the proportion of patients that experience opioid-related

adverse effects for consecutive opioid dose intervals of 2 mg iv morphine equiva-

lents. Quantile regression will be used to assess any significant interactions with

patient baseline characteristics.

Conclusions: This study will hopefully bring us one step closer to determining rele-

vant opioid reductions and thereby improve our understanding of intervention

effects and planning of future trials.
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1 | INTRODUCTION

Opioids still hold a major role in treating acute pain,1,2 despite risks

of opioid-related adverse effects.3–5 Thus, clinicians have to balance

their use to provide sufficient pain relief while avoiding opioid-

related adverse effects.6,7 A variety of non-opioid analgesics have

demonstrated statistically significant opioid-reducing effects in clini-

cal trials.8–10 However, to ensure clinical significance, researchers

should designate a relevant minimal important difference.11 Opioid

consumption has been used as the primary outcome in a major part

of pain trials.12 As effect size or minimal important difference, trial-

ists often use an absolute reduction of around 10 mg iv morphine

equivalents the first 24 hours after surgery.13 This value has been

chosen arbitrarily and may not reflect what patients find clinically

relevant. The problem with determining a patient-relevant minimal

important difference may be that opioid reduction is not directly rel-

evant to patients but functions as a surrogate marker for other out-

comes such as pain relief and avoidance of opioid-related adverse

effects.

We believe that a patient-rated opioid minimal important differ-

ence should optimally be determined with anchor-based methods to

these outcomes. Further, an anchor-based method could also help illu-

minate a potential acceptable opioid cut-off dose based on ‘no
opioid-related adverse effects’ or ‘no worse than mild opioid-related

adverse effects’, corresponding to ‘no worse than mild pain’ for pain
relief.14–16 This has not been explored in the current literature and

generally, the dose–response relationship between opioid consump-

tion and both opioid-related adverse effects and pain is poorly

described.17,18

In this post hoc analysis of aggregated data from two clinical

trials and one observational cohort study on pain management

after total hip and knee arthroplasty, we aim to explore the

dose–response relationship between postoperative opioid con-

sumption and opioid-related adverse effects. We hope to approxi-

mate an ‘opioid-related adverse effects’-anchored minimal

important difference for 0–24 h postoperative opioid consump-

tion. Secondly, we will explore the relationship between opioid

doses and the proportion of patients that experience opioid-

related adverse effects.

2 | METHODS

2.1 | Study type

Post hoc analysis of the results of three studies on postoperative pain

management after total hip or knee arthroplasty conducted between

2014 and 2021.

2.2 | Study aim

Our aim is to explore the dose–response relationship between opioid

consumption and opioid-related adverse effects and to provide esti-

mates of a minimal important difference in opioid consumption

anchored to opioid-related adverse effects.

2.3 | Eligibility criteria and data extraction

Two randomised trials, PANSAID19 and DEX2TKA,20 and one obser-

vational cohort study, Pain Map,21 constitute our study population

(Table 1). Two trials investigated postoperative pain management

after total hip arthroplasty19,21 and one after total knee arthro-

plasty.20 All were multicentre and pre-registered at clinicalTrials.gov

(NCT02571361, NCT03506789 and NCT02340052) and have been

published in peer reviewed journals. Data will be sufficiently anon-

ymized with the extraction of only age, sex and perioperative data on

medication use and side effects. We will exclude patients with incom-

plete data on 0–24 h opioid consumption; severity of nausea, dizzi-

ness and sedation at 6 and 24 h postoperatively; and incidence of

vomiting.

Vomiting was registered dichotomously. Nausea, dizziness and

sedation were graded by patients on a 4-point Likert scale as none,

mild, moderate or severe. All opioid-related adverse effects were

assessed twice (6 and 24 h postoperatively), and we will use only the

worst experienced severity degree of the two time points.

2.4 | Outcome measures

2.4.1 | Primary outcome

The Hodges–Lehmann median difference in opioid consumption

between patients with no opioid-related adverse effects and patients

experiencing the mildest degree of one or more opioid-related

adverse effects (i.e., mild nausea, sedation and/or dizziness or vomit-

ing). Data will be presented with Hodges–Lehmann confidence inter-

vals and box plots.

2.4.2 | Secondary outcome

1. The Hodges–Lehmann median difference in opioid consumption

between patients with mild versus moderate and moderate versus

severe opioid-related adverse effects (nausea, dizziness and/or

sedation). Vomiting was registered dichotomously and will there-

fore not be included in this analysis.

2 KARLSEN ET AL.
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2. The Hodges–Lehmann median difference in opioid consumption

that corresponds to one point on a cumulated opioid-related

adverse event 0–10 scale (0–3 for nausea, dizziness and sedation

and 0–1 for vomiting). Ordinal none-mild–moderate–severe grad-

ings will be converted to 0–3 numeric scales for the purpose of

data handling and statistical analyses. To avoid misuse of ordinal

values in statistical analyses, we will not perform a regression

analysis. Instead, the Hodges–Lehmann median difference in opi-

oid consumption for each step on the 0–10 point scale will be

reported separately. We will primarily focus on the median value

of these 10 Hodges–Lehmann median differences (Table 2).22

With an emphasis on the primary outcome, the results of the

three outcomes will be discussed and aggregated into one suggested

minimal important difference for 0–24 h opioid consumption.

2.4.3 | Subgroup analyses

Quantile regression will be used to assess any significant interactions

between adverse events (none/mind) and the following baseline vari-

ables: procedure, age, ASA-score, sex, perioperative use of systemic glu-

cocorticoids and perioperative use of ondansetron.

2.4.4 | Exploratory outcomes

We will assess the proportion of patients that experience opioid-

related adverse effects for consecutive opioid dose intervals to

explore and better understand this relationship. We know from the

dataset that around 90% of participants received 0–60 mg morphine

equivalents and the remaining 10% received 61–195 mg. We will only

assess the population receiving 0–60 mg and divide these patients

into opioid consumption intervals of 2 mg morphine to ensure interval

blocks with enough patients to minimise inaccuracy. Data will be

reported in a histogram with opioid consumption on the X-axis and

TABLE 1 All three trials registered nausea, dizziness and sedation as none, mild, moderate or severe graded by patients at 6 and 24 h
postoperatively and vomiting as yes or no

Trial/ID Study type/participants Basic analgesic regimen Antiemetic treatment

PANSAID

NCT02571361

RCT, parallel 4-group in 556 THA

patients (523 eligible)

Group A: 1 g PCM + 400 mg Ibuprofen

q6h

Group B: 1 g PCM + placebo q6h

Group C: 400 mg ibuprofen + placebo

q6h

Group D: 0.5 g PCM + 200 mg

ibuprofen q6

Rescue: Ondansetron up to 8 mg, DHB

0.625–1.25 mg

DEX2TKA

NCT03506789

RCT, parallel 3-group in 485 TKA

patients (444 eligible)

All: 1 g PCM + 400 mg ibuprofen q6h

Group DX1: 24 mg iv dexamethasone x 2

(perioperative and 24 h

postoperatively)

Group DX2: 24 mg iv dexamethasone

perioperatively and placebo at 24 h

Group Placebo: Placebo x 2

Group DX1/DX3: Dexamethasone

24/48 mg

All:

Prophylactic: ondansetron 4 mg

Rescue: 2. dose ondansetron or DHB

0.625–1.25 mg

Pain Map DK

NCT02340052

Prospective cohort of 501 THA patients

(449 eligible)

All: 1 g PCM

217 patients: 400 mg ibuprofen q6h

93 patients: gabapentin

29 patients: LFCN

Rescue: dexamethasone 4 mg,

ondansetron 4 mg and/or

DHB 0.625–1.25 mg

Abbreviations: DHB: dehydrobenzperidol; LCFN, lateral femoral cutaneous nerve block; PCM, paracetamol; q6h, every 6 h; THA: total hip arthroplasty;

TKA, total knee arthroplasty.

TABLE 2 Each patient are given 0–3 points (none-mild–moderate–
severe) for nausea, dizziness and sedation and 0–1 point for vomiting,
cumulated to a 0–10 scale

Note: The overall median difference is the median value of the ten Hodges–
Lehmann median differences corresponding to each step on the scale.

KARLSEN ET AL. 3
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proportion of patients experiencing any opioid-related adverse effect

on the Y-axis (Figure 1).

2.4.5 | Statistical considerations and data handling

Hodges–Lehmann median differences with 95% confidence intervals

will be calculated in R and quantile regression will be performed in

STATA.23,24

We will remove extreme outliers defined as data points that are

more extreme than (first quartile � 3 � interquartile range) or (third

quartile +3 � interquartile range).25

3 | DISCUSSION

We will use three approaches to estimate the minimal important

difference in opioid consumption based on (1) the difference

between participants with overall none versus mild opioid-related

adverse effects, (2) differences between overall mild versus moder-

ate and moderate versus severe opioid-related adverse effects and

(3) differences corresponding to one severity degree on a cumu-

lated opioid-related adverse effect 0–10 scale. We believe this

study could be important for the planning of future trials in post-

operative pain management, despite its post hoc design and the

inclusion of only four adverse effects. Based on our findings, we

will plan a subsequent prospective study to test and elaborate on

the results.

To the best of our knowledge, only a single study has investi-

gated the relationship between opioid dose and opioid-related

adverse effects using a similar approach.17 In 2004, Zhao et al. pub-

lished a post hoc analysis on 193 patients undergoing laparoscopic

cholecystectomy and found that every 3–4 mg iv morphine equiva-

lent resulted in a ‘clinically meaningful event’ in one of 12 different

opioid-related effects.17 The two most frequent events were ‘Feel-
ing of general fatigue or weakness’ and ‘Dry mouth’. We will assess

the four opioid-related adverse effects we consider most important

to patient satisfaction and the postoperative courses: nausea, vomit-

ing, dizziness and sedation.26 Other opioid-related adverse effects

were not systematically assessed in the included studies and will

therefore not be included in this analysis. Respiratory depression is

rarely seen with normal postoperative intravenous morphine

doses.26 Zhao et al. administered hydrocodone and fentanyl and

converted them to morphine equivalents, which could skew opioid-

related adverse effect profiles.26,27 Of the approximately 1500

patients we expect to include in our analysis, the majority received

patient-controlled intravenous morphine alone. Further, to increase

the clinical relevance of our analysis, we will provide three different

estimates for minimal important differences in opioid consumption.

It is obvious that the duration of opioid-related adverse effects is

F IGURE 1 Visualisation of the proportion of patients experiencing opioid-related adverse events in relation to cumulated opioid consumption
0–24 h

4 KARLSEN ET AL.
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important as well. This aspect will not be optimally assessed in the

current analysis but will be incorporated in the following prospec-

tive study. In anchor-based methods, the anchor should optimally

be a validated scale or known patient-relevant value.28 As there are

no current reports on patient-relevant opioid-related adverse effects

severity, we chose a conservative approach with the lowest detect-

able change in the overall opioid-related adverse effect burden as

the primary outcome.

Overall, this study will provide clinical data on the relationship

between opioid dose and opioid-related adverse effects. We expect

this to be useful for defining a minimal important difference in opioid

consumption, which is necessary in order to power trials to detect

clinical important differences and to determine whether significant

differences are actually clinically important.
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