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Abstract

Introduction: Aromatherapy is claimed to be effective for the treatment of psychosocial 

disorders, but objective evidence of its effectiveness is still lacking. Psychosocial disorders have 

been demonstrated to increase postoperative pain and opioid consumption by up to 50%. This 

study was designed to assess the effectiveness of Aromatherapy in controlling postoperative pain 

and opioid in anxious patients.

Methods: This prospective, randomized, placebo-controlled study was conducted on anxious 

patients who underwent primary unilateral total hip arthroplasty. After obtaining signed informed 

consent, each patient was asked to complete a PROMIS (Patient-Reported Outcomes Measurement 

Information System) anxiety survey. Patients whose T score were >57.2 were randomized to either 

an active treatment (Lavender Peppermint Elequil® aromatab®) or a placebo Elequil®-aromatab® 

treatment. Demographics, pain, opioid consumption, PONV, and psychosocial surveys were 

collected on Postoperative Day POD1, POD2, POD7 and POD30. At the time of discharge and 

on POD30, each patient was asked to complete a satisfaction questionnaire, and they were asked 

to complete an SF12 survey on POD30. Difference between means was assessed using absolute 

standardized mean differences.

Results: Sixty patients were included in the intend-to-treat analysis. Use of lavender and 

peppermint was associated with a decrease of 26% in pain (POD7; 0.46), 33% in opioid 

consumption (POD2; 0.42), and 48% in acetaminophen consumption (POD7; 0.54) and a 78% 

decrease in PONV (POD2; 0.44). Psychosocial scores decreased following surgery (p=0.001). 

Overall satisfaction ratings at discharge were similar, as were functional recovery scores.
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Discussion: Our data provides evidence that in patients with preoperative anxiety, lavender and 

peppermint aromas decreases postoperative pain and opioid requirement compared to placebo. 

Additional research is required to conform our data.

Conclusion: This randomized placebo control study provides evidence of the usefulness of 

inhalation of lavender and peppermint aromas in patients undergoing primary unilateral total hip 

arthroplasty.
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Introduction

Preoperative anxiety, depression, sleep disorders, and catastrophizing are common 

conditions that plague many surgical patients [1–10]. These conditions have been shown 

to negatively impact recovery and increase postoperative pain and opioids requirement by up 

to 50%. Evidence also supports the concept that the ability to control pre-operative anxiety, 

depression, sleep disorders, and catastrophizing prior to surgery eliminates the impacts that 

psychological factors may have on recovery [11].

The use of aromatherapy has been advocated for thousands of years due to its beneficial 

effects on psychological wellness [12]. However, in most cases, evidence has been based 

on anecdotal reports and/or non-validated questionnaires [13–16]. Recent reviews and 

meta-analyses have evaluated existing randomized clinical trials on aromatherapy and the 

treatment of pre-operative anxiety [17–19]. The results were non-conclusive, and the authors 

recommended “more vigorous placebo-controlled trials should be conducted to establish 

the efficacy of aromatherapy.” Wotman, et al. conducted a randomized, placebo-controlled 

study to assess the benefit of lavender inhalation treatment. Although the authors reported 

a significant decrease in preoperative anxiety in patients who received lavender inhalation 

treatment prior to surgery, in this study, patients estimated and rated their anxiety using a 

simple 1 to 10 analog scale (1=not anxious and 10=most anxious possible). The PROMIS 

questionnaire was developed and validated in recent years to objectively assess anxiety, 

depression and sleep disorders [20–21]. Furthermore, a validated questionnaire has been 

developed to assess catastrophizing behavior [22].

This study was designed to assess the role of inhalational aromatherapy on postoperative 

pain and opioid consumption in patients with preoperative anxiety using the PROMIS 

questionnaire. We selected lavender and peppermint aromas for testing because of their 

reported respective effects on anxiety and pain.

Materials and Methods

Study design and participants

The study was conducted as a single-center, prospective, randomized, placebo-controlled 

study at UPMC (University of Pittsburgh Medical Center) Shadyside Hospital. Institutional 

Review Board approval was obtained (STUDY20100091) and the trial was registered at 
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www.clinicaltrials.gov (NCT04800744) before any eligible patients were recruited and 

consented. Each consented patient was asked to complete a PROMIS® Emotional Anxiety 

Short Form 8a questionnaire. Inclusion criteria: Patients undergoing going primary unilateral 

Total Hip Arthroplasty (THA) or unilateral primary Total Knee Arthroplasty (TKA) and 

having signed an informed consent, 18 years of age or older, scoring ≥ 57.2 (T score) 

on the PROMIS® emotional anxiety short form 8a questionnaire), and being opioid-naïve 

(use of less than 60 mg Oral Morphine Equivalent (OME) daily for the last 30 days). 

Exclusion criteria included pregnancy; chronic opioid use; uncontrolled clinical depression, 

anxiety, or catastrophizing; active alcoholism or drug abuse; severe chronic pain condition; 

fibromyalgia; almond allergy; participation in any other clinical trial; and being deemed 

unsuitable for the study at the discretion of the principal investigator. After obtaining signed 

informed consent, each patient was randomized to either an active or placebo treatment 

group. The active treatment was a Lavender-Peppermint (Self-adhesive Elequil® aromatab®; 

Beekley Medical®, Bristolo, CT). Lavender and peppermint were chosen because of their 

proposed effectiveness on anxiety, sleep disturbance, pain, and Postoperative Nausea and 

Vomiting (PONV) (23–29). The placebo treatment consisted of a sweet Almond oil self-

adhesive Elequil® aromatab® (Beekley Medical®, Bristol, CT). Both patches look identical 

(Figure 1). Each enrolled patient was also asked to complete a PROMIS® Emotional 

Depression, a PROMIS® Sleep Disturbance, pain catastrophizing survey prior to surgery 

(baseline).

The Elequil® aromatab® was placed on the patient gown prior to transport to the operating 

room. Each patient was also provided with additional five Lavender Peppermint Elequil® 

aromatab® or Almond Elequil®-aromatab® and instructed to change their aromatab® every 

12 hours for the next two days after surgery. The first Elequil® aromatab® was kept on 

the patient during and after surgery. Surgery was performed under spinal anesthesia and 

propofol infusion for sedation. At discharge, each patient was provided with a three-day 

opioid prescription and instructed to contact the surgeon’s office for a refill if necessary. 

Pain (rated using a 0–10 numeric rating scale (0=no pain, and 10=the worst possible pain), 

opioid consumption (OME, mg), and PONV were evaluated on postoperative day (POD1, 

POD2, POD7 and POD30). Time to discharge from the recovery room and from the hospital 

was also recorded. Each patient was asked to rate their overall satisfaction at discharge and 

on POD30 and their overall pain treatment satisfaction (0=totally dissatisfied and 10=most 

satisfied) on POD30. Functional recovery was assessed using the SF-12 survey on POD30.

Statistical analysis

Pain and opioid consumption were considered the primary outcomes. A power analysis 

indicated that at least 60 patients were required to demonstrate a difference of 20% between 

groups. An intent-to-treat analysis was conducted. Included in the analysis were two patients 

in the treatment group who stopped using the patch on POD1; one patient claimed the patch 

was inducing headache and nausea and the other patient indicated that they did not use the 

patch at home. Continuous data are presented as mean ± Standard Deviation (SD) and as 

percentages (%) for categorical variables. Differences between groups were compared using 

the Absolute Standardized Mean Differences (ASMDs). ASMDs of ≥ 0.2 were interpreted as 

showing an imbalance of means. Linear mixed models were used to assess the differences 
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between baseline anxiety, depression, sleep disorder, and catastrophizing on POD 1, 2, 7 

and 30 as well as between-group differences across days. Random effects were fit to control 

within person correlations across time. Interaction models were fit to test for differences 

between groups by timepoint. Alpha level was set at 0.05. ASMDs and mixed models were 

fit using R software (version 4.2.1, R Core Team, 2022). ASMDs and confidence intervals 

were fit using tidysmd and MBESS packages and mixed models were fit using the lmerTest 

package.

Results

A total 563 patients were screened, 279 were found eligible, and 138 signed an informed 

consent. Sixty-eight patients were not included because their PROMIS® Emotional Anxiety 

Short Form −8a T scores were <57.2. (50.33 ± 5.79). Seventy patients with PROMIS® 

Emotional Anxiety Short Form 8a T scores ≥ 57.2 were randomized, including five patients 

who withdrew from the study prior to discharge from the hospital (four patients in the 

placebo group and one patient in the treatment group who withdrew prior to transfer to 

the operating room because he/she “did not like the smell”). Figure 2 shows a CONSORT 

diagram of the study process.

Table 1 presents the patients’ demographic data (sex, race, weight, height, body mass 

index), types of surgery, PROMIS® Emotional Anxiety scores, PROMIS® Emotional 

Depression scores, PROMIS® Sleep Disturbance scores, pain catastrophizing scores, and 

initial functional status prior to surgery. The PROMIS Emotional Distress-Anxiety and 

PROMIS Pain Interfering scores were found to be higher than those of the US population 

(50 ± 10), while the (PROMIS) Emotional Distress-Depression scores were not. Except 

for race, there was no evidence suggesting difference between means. White was the 

predominately represented racial group.

Compared to placebo, the use of the Lavender-Peppermint aromatab® resulted in a 

maximum decrease of 26% in pain on POD7 (0.46*), 33% in opioid consumption on 

POD2 (0.42), and 48% in acetaminophen consumption on POD7 (0.54). Furthermore, the 

use of the Lavender-Peppermint Self-adhesive Elequil ® aromatab® resulted in a maximum 

decrease of 75% decrease in PONV scores on POD 2 (0.44*).

Scores on the PROMIS emotional distress-anxiety, PROMIS emotional distress-depression, 

PROMIS sleep and pain interference and catastrophizing questionnaires were lower on 

POD1 compared to POD30. The magnitude of the drop varied according to the factor 

surveyed. In the treatment group, we recorded 12%, 21%, 22% and 26% decreases over time 

in PROMIS emotional distress-anxiety scores on POD 1, 2, 7 and 30, respectively Figure 3; 

12%, 11%, 16%, and 17% decreases over time in PROMIS Emotional Distress-Depression 

scores on POD 1, 2, 7 and 30, respectively Figure 4; 4%, 7%, 10%, and 17% decreases over 

time in PROMIS Sleep and Pain Interference scores on POD 1, 2, 7 and 30, respectively 

Figure 5; and 49%, 53%, 72%, and 78% decreases over time in catastrophizing scores on 

POD 1, 2, 7 and 30, respectively Figure 6. Similar changes were recorded in the placebo 

group, suggesting that surgery rather than aromatherapy was the main contributor to the 
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observed decrease. Table 2 presents outcomes between POD1-POD30 in the placebo and 

treatment groups.

Few adverse effects were reported. One patient in the placebo group removed the patch prior 

to surgery because they did not like the smell of the patch and one patient in the treatment 

group complained on POD1 that the patch was giving them a headache and nausea.

Overall satisfaction at discharge and on POD30 and overall pain treatment satisfaction on 

POD30 were similar in both groups (9.8 ± 0.4, 9.8 ± 0.4 and 9.6 ± 1.2, respectively in the 

placebo group vs. 9.8 ± 0.5, 9.8 ± 0.5 and 9.4 ± 1.5, respectively, in the treatment group 

(0.06)).

Functional recovery at POD30 was found to be similar in both groups (SF-12 Health Survey: 

PCS 37.1 ± 8.8 vs. 39.0 ± 8.2; (0.06) and MCS 56.6 ± 6.4 vs. 54.6 ± 1 (0.18)).

Discussion

Our study provides evidence that the lavender-peppermint treatment started prior to 

surgery and continued for two days postoperatively via the use of an Self-adhesive 

Elequil ® aromatab® in patients undergoing primary hip replacement was associated with 

postoperative reduction in pain, opioid consumption, and PONV. Aromatherapy is based on 

administration of a single oil aroma over time or a combination of oil aromas, which in most 

cases requires the use of an inhaler. The use of inhalers for aromatherapy administration has 

limitations in the context of surgery due to the specific timing of administration. In most 

cases, the treatment take place prior to transfer to the operating room or after surgery in the 

recovery room [16–29]. The use of the aromatab® allowed us to continuously administer the 

treatment starting prior to surgery and continuing after the surgery.

In this regard, the Self-adhesive Elequil ® aromatab® represents an innovative and practical 

mode of aromatherapy administration, requiring no inhaler and allowing a continuous 

delivery of a specific aroma or a combination of aromas over time. In our study, 

the aromatab® was reported to be well accepted. This mode of administration is also 

inexpensive compared to the use of an inhaler. A unit cost around $2-$4, making the daily 

treatment less than $10/day.

Our study provides evidence that surgery is the main factor contributing to the high level 

of anxiety, depression, sleep disturbance, and catastrophizing recorded at baseline, since in 

both groups the scores decreased significantly following surgery.

Conclusion

Although in our cohort anxiety, sleep disturbance, and catastrophizing scores were higher 

than those of the US population at baseline, depression scores were within the scope of 

those recorded in the US population. Furthermore, our data suggest that catastrophizing 

was the factor most affected by surgery since a 78% maximum reduction in catastrophizing 

scores was recorded at POD30 vs. a 26%, 17% and 17% reduction recorded for PROMIS 

anxiety, PROMIS depression, and PROMIS sleep and pain interference scores at POD30. 
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Our randomized, placebo-controlled study demonstrated the positive effect of inhalational 

aromatherapy on anxiety, pain and opioid and acetaminophen requirement, applied via the 

continuous administration of lavender and peppermint for two days using the Self-adhesive 

Elequil ® aromatab® as a mode of administration. However, additional research is required 

to confirm these encouraging data and establish the mechanism of action of inhalation 

aromatherapy. One limitation of this study was the relatively limited number of patients 

included. Also, although the study design was robust, the power analysis was focused on 

pain and opioid requirement. The study was not powered for secondary variables.
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Figure 1: 
The self-adhesive Elequil® aromatab® patch was initially applied on each patient’s gown 

at chest level at least one hour prior to the patient’s transfer to the operating room. The 

Elequil® Aromatab® was open at the level of max aroma and left in place for 12 hrs. A total 

of six patches were used per patient. Both the treatment and placebo patches look identical.
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Figure 2: 
CONSORT diagram of study process.
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Figure 3: 
PROMIS® Emotional Anxiety Short Form 8a T scores recorded prior to the patient’s 

transfer to the operating room (preop) on POD 1, POD 2, POD 7, and POD 30. No statistical 

differences were found between the overall scores or the scores recorded in the treatment 

and the placebo groups. Except for POD 1, no significant difference was reported between 

the treatment and the placebo group and the overall scores. Scores decrease significantly 

(p<0.001) on POD 1-POD30 compared to baseline (Preop). Note: ( ) Over all ( ) Placebo 

( ) Treatment
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Figure 4: 
PROMIS® Emotional Depression Short Form 8a T scores recorded prior to transfer to the 

operating room (preop) on POD 1, POD 2, POD 7, and POD 30. No statistical differences 

were found between the overall scores or the scores recorded in the treatment and the 

placebo groups. Data recorded prior to the transfer to the operating room, (baseline) on 

POD 1, POD 2, POD 7, and POD 30. No significant differences were reported between the 

treatment and placebo groups and the overall scores. Scores decrease significantly (p<0001) 

on POD 1-POD30 compared to baseline (Preop). Note: ( ) Over all ( ) Placebo ( ) 

Treatment
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Figure 5: 
PROMIS® Pain Interference Short Form 8a T scores recorded prior to patient transfer to the 

operating room (preop) on POD 1, POD2, POD 7, and POD 30. No statistical differences 

were found between the overall scores or the scores recorded in the treatment and the 

placebo groups. Data recorded prior to transfer to the operating room, (baseline) on POD 1, 

POD 2, POD 7, and POD 30. No significant difference was reported between the treatment 

and the placebo group and the overall scores. Scores decrease significantly (p<0.001) on 

POD 1-POD30 compared to baseline (Preop). Note: ( ) Over all ( ) Placebo ( ) Treatment
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Figure 6: 
Catastrophizing scores recorded prior to transfer to the operating room (preop) on POD 1, 

POD 2, POD 7, and POD 30. No statistical differences were found between the overall 

scores and the scores recorded in the treatment and placebo groups. Data recorded prior to 

transfer to the operating room, (baseline) on POD 1, POD 2, POD 7, and POD 30. Except 

for POD 2, no significant difference was reported between the treatment and the placebo 

group. Scores decrease significantly (p<0.001) on POD 1-POD30 compared to baseline 

(Preop). Note: ( ) Over all ( ) Placebo ( ) Treatment
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Table 1

Baseline characteristics by aromatherapy treatment arm.

Variable All n=65 Control n=31 Treatment n=34 ASMD

Sex 0.15

Male n (%) 29 (44.6) 15 (48.4) 14 (41.2) -

Female n (%) 36 (55.4) 16 (51.6) 20 (58.8) -

Age (years) mean (SD) 61.6 (9.3) 61.1 (10.2) 62.0 (8.5) 0.15

Race n (%) 0.51*

White 61 (93.8) 30 (96.8) 31 (91.2) -

African American 3 (4.6) 0 (0%) 3 (8.8) -

Asian 1 (1.5) 1 (3.2) 0 -

Weight (kg) mean (SD) 84.4 (20.3) 85.1 (19.6) 83.8 (21.2) 0.06

Height (cm) mean (SD) 169.5 (14.0) 169.7 (16.6) 169.4 (11.2) 0.02

Body mass index (kg/m2) mean (SD) 28.8 (5.8) 28.8 (5.4) 29.0 (6.2) 0.05

PROMIS-Anxiety score mean (SD) 61.8 (3.8) 62.4 (4.1) 61.2 (3.4) 0.34*

0.4*

PROMIS-Sleep score mean (SD) 52.1 (6.6)
65.7 (5.3)

50.8(5.6)
65.9(5.2)

53.3 (7.2)
65.5 (5.5) 0.07

Pain catastrophizing score mean (SD) 19.2 (11) 18.4 (11.4) 20 (10.7) 0.15

Note: *: Absolute mean difference suggesting difference between control and treatment means
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Table 2:

Pain, Opioid consumption, PONV, PROMIS® Emotional Anxiety Short Form 8a questionnaire (PROMIS 

Anxiety), PROMIS® Emotional Depression Short Form 8a, (PROMIS Depression), PROMIS® Sleep and Pain 

Interference questionnaires ( PROMIS Sleep disorder) and Pain Catastrophizing following surgery in the 

recovery room (PACU), POD1, POD2, POD7 and POD 30.

Control n=31 Treatment n=34 ASMD

Pain

PACU 3.6 (3.2) 2.9 (2.9) 0.24*

POD1 5.4 (2.5) 4.6 (2.1) 0.32*

POD2 4.6 (2.2) 4.2 (2.2) 0.2*

POD7 4.2 (2.4) 3.1 (2.3) 0.46*

POD30 1.5 (2) 1.7 (1.6) 0.15

Opioid consumption in OME (mg)

PACU 14.8 (11.2) 13.7 (2.9) 0.09

POD1 21.4 (14.7) 18.4 (14.7) 0.2*

POD2 17.2 (15.4) 11.6 (11.8) 0.42*

POD7 6.1 (7.5) 6.9 (10.9) 0.09

POD30 0.2 (0.9) 0.4 (1.6) 0.18

Acetaminophen (mg)

PACU 209 (344) 196 (346) 0.04

POD1 1508 (1331) 1163 (874) 0.31*

POD2 1633 (1246) 1088 (871) 0.52*

POD7 1269 (1395 664 (201) 0.54*

POD30 405 (732) 514 (830) 0.14

PONV Scores

PACU 0 (0.2) 0 (0) 0.26*

POD1 1.1 (2.3) 0.6 (1.3) 0.25*

POD2 0.8 (1.7) 0.2 (0.8) 0.44*

POD7 0.3 (0.8) 0.7 (1.4) 0.36*

POD30 0.2 (0.6) 0.1 (0.4) 0.24*

PROMIS-Anxiety

POD0 62.4 (4.1) 61.2 (3.4) 0.34*

POD1 54.6 (6.2) 52.4 (9.3) 0.29

POD2 48.8 (8.2) 50.9 (8.4) 0.25*

POD7 48.1 (8.3) 47.8 (7.9) 0.04

POD30 45.8 (7.8) 47.0 (9.7) 0.14

PROMIS-Depression

POD0 50.8 (5.6) 53.3 (7.2) 0.4*

POD1 47.7 (7.8) 47.0 (9.1) 0.15

POD2 43.5 (6.7) 47.6 (8.6) 0.55*
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Control n=31 Treatment n=34 ASMD

POD7 44.5 (6.7) 44.8 (7.7) 0.04

POD30 43.6 (6.8) 44.1 (9.7) 0.06

PROMIS-Sleep

POD0 65.9 (5.2) 65.5 (5.5) 0.07

POD1 63.5 (5.4) 62.6 (7.4) 0.16

POD2 62.8 (5.5) 61.1 (8.0) 0.24*

POD7 60.6 (5.7) 58.8 (8.2) 0.26*

POD30 54.3 (7.2) 54.6 (7.6) 0.04

Pain Catastrophizing

POD0 18.4 (11.4) 20 (10.7) 0.15

POD1 9.6 (8.7) 9.6 (11) 0.01

POD2 6 (7.0) 8.8 (10.8) 0.32*

POD7 4.8 (5.3) 5.2 (6.3) 0.08

POD30 2.3 (4.9) 4.2 (8.9) 0.26*

Note: *: Absolute mean difference suggesting difference between control and treatment means
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