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ABSTRACT
Objective
To investigate the effect of therapeutic suggestions played to patients through earphones
during surgery on postoperative pain and opioid use.
Design
Blinded randomised controlled study.
Setting
Tertiary care medical college hospital.
Participants
385 of 400 patients consecutively recruited from January to December 2022 who were to
undergo surgery for 1-3 hours under general anaesthesia. In the per protocol analysis 191
patients were included in the intervention group and 194 patients in the control group.
Intervention
The intervention comprised an audiotape of background music and positive suggestions
based on hypnotherapeutic principles, which was played repeatedly for 20 minutes followed
by 10 minutes of silence to patients through earphones during general anaesthesia. Patients in
the control group were assigned to a blank tape.
Main outcome measures
The main outcome was dose of opioid administered by patient controlled analgesia or nurse
controlled analgesia within the first postoperative 24 hours, based on regular evaluation of
pain intensity on a numerical rating scale (range 0-10, with higher scores representing more
severe pain).
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Results

With a median of 4.0 mg (interquartile range 0-8) morphine equivalents versus 5.3 (2-12) and
an effect size (Cohen's d) of 0.36 (95% confidence interval 0.16 to 0.56), the intervention
group required a significantly (P=0.002) lower opioid dose within 24 hours of surgery
compared with the control group. In the intervention group, there were 121 of 191 (63%, 95%
confidence interval 45% to 70%) patients who required opioids postoperatively compared to
155 of 194 (80%, 74% to 85%) patients in the control group (P=0.001). Six patients required
to be treated in order to prevent postoperative opioid use. Within 24 hours of surgery, pain
levels were consistently and considerably lower in the intervention group, with an average
reduction of 25%. No adverse incidents were noted.

Conclusions

A safe, practical, affordable, non-drug method to lessen surgical pain and opioid consumption
might be provided by therapeutic recommendations delivered through earphones under
general anaesthesia, with the potential for more widespread application. Surgeons and
anaesthetists should exercise caution when dealing with background noise and conversations
during surgery in light of the findings that a sizable number of patients perceive them during
the procedure.

Keywords

Investigate , Therapeutic Suggestions , Earphones During Surgery , Postoperative Pain ,
Opioid Use

INTRODUCTION

Despite the fact that anaesthesia is typically thought of as a sensationless condition, multiple
observations imply that the central auditory system is still functional during anaesthesia. (1)
For instance, a tiny number of patients have reported experiencing intraoperative awareness,
which can have serious consequences including post-traumatic stress disorder. (2) Patients
have shown increased occurrences of alertness without explicit memory after surgery, as well
as responses to significant events like a simulated complication. There are efforts to avoid
"Iinadequate™ anaesthesia because of the mostly detrimental impact of such intraoperative
beliefs. (3)

In contrast, several studies have tried to use the intact perception of words and sounds in a
positive way and tested the use of taped therapeutic suggestions during general anaesthesia. A
recent meta-analysis of 32 randomised controlled trials (n=2102 patients) of adequate quality
on the efficacy of therapeutic suggestions under general anaesthesia found no effect on pain
intensity or mental distress but did find small but statistically significant positive effects on
postoperative drug use and recovery.(4) These results raised hopes that a non-drug approach
such as therapeutic suggestions might be beneficial for surgical patients. However, the
identified randomised controlled trials were relatively old (1986-2001), small, and
heterogeneous in design. Moreover, treatment and prophylaxis regimens have since
changed—in these studies the management and depth and plan of anaesthesia was
standardised .

Adequate analgesia is a major goal and challenge of postoperative care, both for patients’
comfort and healing and for recovery and outcome. Opioids are primarily used for this
purpose, although these drugs have severe side effects and complications. As most of these
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side effects and complications are dose related, opioid dose sparing strategies are desirable.
Such strategies include use of co-analgesics, such as non-steroidal anti-inflammatory drugs,
which themselves are associated with side effects and risks. Therefore, non-drug means to
reduce opioid use are in demand as part of a multimodal opioid sparing regimen. In light of
the recent opioid epidemic and the pivotal role of postoperative pain,(5) supplementary non-
drug approaches are needed. We hypothesised that an audiotape of therapeutic suggestions
played to patients during surgery would lead to a reduced need for opioid drugs in the 24
hours after surgery.

METHODS

Study design and patients

The study was a blinded randomised placebo controlled trial. The study was conducted in
accordance with the consolidated standards of reporting trials (CONSORT) guidelines and
the principles of Good Clinical Practice, as well as with the study protocol and the statistical
analysis plan. The protocol did not change during the study.

Patients were considered eligible for enrolment if they were aged 18 to 70 years, to undergo
elective surgery requiring general anaesthesia with a planned duration of 1-3 hours, and at
risk of postoperative pain and nausea. We excluded patients who had severe pre-existing
health conditions representing a constant threat to life (American Society of Anesthesiologist
score of >4),(6) required postoperative mechanical ventilation, or received an epidural
catheter or other kinds of regional anaesthesia. Eligible patients were included after written
informed consent had been obtained.

Randomisation and masking

The patients were randomly assigned in a 1:1 ratio to intervention or control group. After
anaesthetic induction and intubation the responsible anaesthetist drew an envelope from a box
and accordingly connected one of two identical MP3 players marked A or B to earphones in
the patient’s ears and started to play the audio recording at a standard volume. A medical
student blinded to group allocation collected the data. The leading investigator terminated
blinding after 24 hours. As a result, neither the patient nor the medical staff involved with
patient care (anaesthetist, nurse, data collector) had knowledge about group allocation.
Procedures

Patients in the intervention group were assigned to an audiotape containing background
music and therapeutic suggestions, including indirect and positive messages for 20 minutes
followed by silence for 10 minutes. The tape played continually during surgery. At the end of
surgery, a different audiotape was played to prepare the patients for emergence from
anaesthesia, starting when volatile anaesthesia was stopped. The tape was stopped and the
earphones removed before extubation.

Two of the authors developed and recorded the text, which was based on hypnotherapeutic
principles and dealt with topics such as competence and care of the surgical and
anaesthesiology team, pain regulation, dissociation to a safe place, affirmation, anxiety
control, and confidence. The background music was from the CD Trancemusik (Hypnos
Verlag, Stuttgart, Germany). Patients in the control group received an audiotape with no
auditory output. Study staff in both anaesthesia and postoperative care received
comprehensive instructions and training into use of the equipment. General anaesthesia
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comprised balanced anaesthesia with volatile anaesthetics at 1.0 £ 0.2 minimum alveolar
concentration. Depth of anaesthesia was controlled by electroencephalography based
monitoring (Bispectral Index, Medtronic, Meerbusch, Germany, or Narcotrend, Narcotrend
Group, Hannover, Germany), with a target index of 40 to 60. Both defined minimum alveolar
concentration and bispectral index measure the adequacy of anaesthesia to avoid
intraoperative awareness.(7) Patients who scored 3 or more for postoperative pain on a
numerical rating scale (NRS, range 0-10, with higher scores indicating more severe pain)
received an intravenous opioid bolus (morphine x 1, tramadol x 0.1) administered either by
the attending nurse (nurse controlled analgesia) or by the patient (patient controlled analgesia,
using a bolus with lockout interval). Optional non-opioid drugs were used according to
hospital protocol and the patient’s medical history. Before surgery the patients’ susceptibility
to verbal suggestions was tested using a five item modified Harvard group scale of hypnotic
susceptibility, and level of anxiety was tested using the state trait anxiety inventory.(8)
Outcomes

Our primary endpoint was requirement for opioids within 24 hours after surgery as delivered
by nurse controlled or patient controlled analgesia. As our centre used Pentazoline in addition
to Tramadol. We evaluated opioid consumption within the first two postoperative hours,
reflecting the closely controlled analgesia used in the post-anaesthesia care unit.

To improve the validity of assessing opioid consumption, application was linked to a defined
pain level. Therefore, we asked patients to rate the intensity of their pain on a NRS (range 0-
10, with higher scores indicating more severe pain), and linked opioid application to a score
of 3 or more. After baseline assessment of patients before surgery, pain was measured on
admission to the post-anaesthesia care unit shortly after extubation and repeated at 15 minute
intervals for two hours to calculate the mean pain score within that period. The patients were
then tested after 24 hours and asked about maximal pain scores within the two hour and 24
hour periods. Other secondary outcomes were use of non-opioid drugs, comfort, mental
orientation, anxiety levels, postoperative nausea and vomiting, use of antiemetics, and
anaesthesia wake-up time. We converted the dosage of non-opioid drugs to percentage of
maximum daily dose (MDD) to take into account the differing half lives of analgesics (MDD
of paracetamol=4000 mg, ibuprofen=2400 mg, diclofenac=150 mg, etoricoxib=120 mg; from
information provided by the manufacturers). The appendix presents the results for the other
secondary outcomes and related preoperative variables.

Statistical analysis

Our sample size was based on a power analysis of seven studies from a meta-analysis on
intraoperative suggestions and analgesic use, which were comparable to our study for study
design and quality. The effect sizes in these studies ranged from 0.244 to 0.459. For our
sample size calculation, we conservatively assumed an effect size of 0.3, which was achieved
by five of these studies. Based on a 1:1 randomisation ratio, we calculated that we would
need a total of 368 patients to obtain about 80% power to detect a difference in postoperative
opioid dosage at a two sided a level of 0.05. We present continuous, non-normally distributed
variables as medians and interquartile ranges and categorical variables as frequencies and
percentages. In subgroup analyses we stratified surgeries according to expected pain within
24 hours postoperatively (high pain surgeries: gynaecology, orthopaedics, abdominal general
surgery; low pain surgeries: non-abdominal general surgery, vascular, urology)(10) and

performed separate analyses for each subgroup. Subgroup analysis was also done on patients
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who received patient controlled and nurse controlled analgesia. Linear or logistic mixed
effects model was used to evaluate the influence of therapeutic suggestions on postoperative
opioid dose. Fixed effects of this model were treatment group, expected high versus low
postoperative pain levels, and intraoperative opioid, non-opioid, and clonidine dosage;
allocation to study centre was treated as a random effect. For comparison of fixed effects
estimates, we normalised covariates before model calculation. Possible differences between
surgeries with high or low expected postoperative pain levels on primary outcome were
assessed in addition to subgroup analysis by creating a separate mixed effects model that
additionally included an interaction term between expected pain levels and treatment group
allocation. Comparison of variables between groups in secondary outcomes, which were not
related to pain (see appendix) was performed using Mann-Whitney U test for non-normally
distributed continuous variables and Pearson’s y2 test for categorical variables. Effect sizes
for outcome variables were described by Cohen’s d along with 95% confidence intervals. For
dichotomous outcome variables, we calculated point estimates with 95% confidence intervals
for treatment group specific proportions, difference in proportions between the intervention
and control group with corresponding 95% confidence intervals, and number needed to treat
(NNT). For graphical presentation of non-parametric numerical pain rating scale scores and
MME, we performed bootstrapping with resampling and calculated the means and 95%
confidence intervals. Statistical analysis was performed with Epi info version 7. A two sided
P value of less than 0.05 was considered to be statistically significant.

Patient and public involvement

Patients were not involved in designing the research question, outcome measures, or
interpretation or writing up of results of this study. Patient representatives in our ethics
committee were asked for comments on general comprehensibility. The patient
representatives of each participating hospital were informed about the study and its start.
Results will be presented to patients and the public as part of regular information events.
RESULTS

A total of 400 patients were recruited and randomised (80 in each study site, 202 in the
intervention group and 198 in the control group) from January to December 2022 (fig 1).

Fig 1

One hundred and ninety one patients in the intervention group and 194 patients in the control
group were included in the per protocol analysis.

Assessed for eligibility
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NNN

Analysed Analysed
191 Included in analysis 194 Included in analysis
O Excliuded from analysis O Exciuded from analysis
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Table 1: Baseline characteristics of participants assigned to therapeutic suggestions by
audiotape during surgery (intervention) or to a blank audiotape (n=385). Values are nhumbers
(percentages) unless stated otherwise

Characteristics
Intervention group | Control group
(n=191) (n=194)
Median (interquartile range) age (years) 52 (43-62) 54 (46-62)
Women 115 (60) 110 (57)
Median (interquartile range) preoperative
score:
NRS (0-10) 0 (0-1) 0 (0-2)
STAI-S (range 20-80) 41.0 (33-51) 39.5 (33-50)
Type of surgery:
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Thyroid gland 36 (19) 30 (15)
Abdominal hernia 23 (12) 24 (12)
Spinal* 19 (10) 23 (12)
Cholecystectomy 19 (10) 17 (9)
Laparoscopy 17 (9) 13 (7)
Hysterectomy 17 (9) 9 (5)
Colorectal 9 (5) 13 (7)
Adrenalectomy 7(4) 6 (3)
Fundoplication 7(4) 15 (8)
Pelvic floor repair 6 (3) 1(0.5)
Otherf 31 (16) 43 (22)

High pain surgeries} 136 (71) 147 (76)

Patient controlled analgesia 78 (40) 79 (40)

Median (interquartile range) duration of 95 (69-140) 106 (74-141)

surgery (mins)

Intraoperative drugs:

0.5 (0.4-0.5) 0.5 (0.5-0.6)
Median (interquartile range) fentanyl (mg),
n=85/93
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Median (interquartile range) sufentanil
(Hg), n=106/101 50 (40-64) 50 (40-70)

33 (25-50) 31 (25-50)
Median (interquartile range) non-opioids
(% of MDDS)
Patients with non-opioids 165 (86) 161 (83)
Patients with clonidine 22 (1) 35 (18)

NRS=numerical rating scale; STAI-S=state trait anxiety inventory scale22; MMD=maximum
daily dose.
*Herniated intervertebral disc, lumbar spinal stenosis.

tInter alia prostatectomy, oophorectomy, nephrectomy, living Kkidney donation,
hemorrhoidectomy, gastrectomy, vaginal surgery, and skin and soft tissue surgery.
IGynaecology, orthopaedics, abdominal general surgery, according to Gerbershagen et al.24

8Calculated to correct for different non-opioid analgesics with various half-lives (MDD of
metamizole=4000 mg, paracetamol=4000 mg, ibuprofen=2400 mg, diclofenac=150 mg,
etoricoxib=120 mg, from information provided by manufacturers).

Table 1 presents the baseline characteristics and pain and anxiety scores of the patients.
Duration of surgery, preoperative pain, and intraoperative use of analgesics were equally
distributed between the groups, as were the surgical procedures (P=0.32), which comprised
27 types; table 1 lists the 10 most common types of surgery together with the proportion of
patients who underwent high pain surgeries. Three centres used nurse controlled analgesia
and two used patient controlled analgesia. The proportions of patients with high pain
surgeries or patient controlled analgesia did not differ between the groups. In one centre, 14
patients in the intervention group and 20 in the control group received oral opioids in addition
to intravenous piritramide, accounting for 14.0% of total MME. No patients remembered
having earphones or listening to music and verbal suggestions or were able to tell whether
they had or not. No side effects were recorded.

Primary outcome: postoperative opioids

Opioid use in the first 24 postoperative hours was significantly lower in intervention patients
compared with control patients (fig 2 and table 2).
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Fig 2

Postoperative dose of opioids within 24 hours after surgery. Data are calculated by
bootstrapping owing to non-normally distributed outcome variables. Doses are in morphine
milligram equivalents (MME) to account for different types of opioids (intravenous
morphine=1.0, piritramide=0.7, tilidine=0.2, oxycodone=0.8) used in one centre

Table 2

Requirement for analgesia and pain and after surgery in participants assigned to therapeutic
suggestions by audiotape during surgery (intervention) or to a blank audiotape (n=385).
Values are medians (interquartile ranges) unless stated otherwise

Intervention | Control | Absolute Cohen’s
group group difference | Pvalue* | d (95% | NNT
(n=191) (n=194) | (95% CI) Cl)
Postoperative
opioids:
MMET 0.36 (0.2
4.0 (0-8) 5.3(2-12) 0.002 to 0.6)
None, 39/20
No/%  (95% | 70/37(30 to| (157 to|16.5(8to |<0.001 |0.46 (0.2 | 6.0
Cl) 44) 26) 25) t0 0.7)
No high
dose (MME | 153/80 (74 to | 129/66 13.6 (5 to 0.39 (0.1
>10), No/% | 86) (59t0 73) | 22) 0.014 to 0.7) 73
(95% CI)
Postoperative
non-opioids:
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% of 75  (25- 0.25 (0.1
MDD} 50 (6-100) 100) 0.0135 to 0.5)
Postoperative
pain, NRS
(01-10):

Average 0.40 (0.2
within 2 hours | 2 (1-3) 3(1-4) <0.001 to 0.6)

Maximum
within 24 | 4 (3-6) 5 (4-7) <0.001 0.45 (0.3
hours to 0.7)
Patients with
NRS <3:

At 0
minutes
(admission to

145/76 (70 to | 122/63(56 | 13.4 (4 to 0.35 (0.1
0,
PACU), No/% 82) 0 70) 23) 0.003 0 0.6) 7.7
(95% CI)

Average
within 21119/62 (55to | 84/43 (36 | 19.0 (9 to 0.43 (0.2
hours, No/% | 69) to 51) 29) <0001 |1007) |53
(95% CI)

At 24| 110/57.6 75/38.7
hours, No/% | (50.2 to| (31.8 to|18.9 (9.1]0.001 0.42 (0.2 | 5.3
(95% CI) 64.7) 45.9) to 28.7) to 0.7)
NNT=number needed to treat of pain; MME=morphine milligram equivalents;

MDD=maximum daily dose; NRS=numerical rating scale; PACU=post-anaesthesia care unit.

*Mixed effect.

tIntravenous morphine=1, piritramide=0.7, tilidine=0.2, oxycodone=0.8.23 24

IMDD calculated to correct for different non-opioid analgesics with various half-lives
(metamizole=4000 mg, paracetamol=4000 mg, ibuprofen=2400 mg, diclofenac=150 mg,
etoricoxib=120 mg, from information provided by manufacturers).
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On average, the dose of opioids was reduced by 2.8 MME (95% confidence interval 1.2 to
4.3 MME) (point estimate for difference between population means after bootstrapping),
corresponding to a saving of 34%. The reduction in opioid requirement was already
significant within the first two hours after surgery at the post-anaesthesia care unit (P<0.001),
the period when opioid administration was closely linked to the regular query of the pain
level (evaluated every 15 minutes). The dose of opioids in this early postoperative period was
reduced by 28% in the intervention group (3.3 MME, 95% confidence interval 2.6 to 3.9
MME) compared with the control group (4.6 MME, 3.9 to 5.2 MME), calculated by
bootstrapping: mean difference 1.3 mg (95% confidence interval 0.4 to 2.2), and 61% more
patients without opioids were observed. Significantly fewer patients in the intervention group
than control group needed opioids within 24 hours postoperatively: 121 out of 191 (63%) v
155 of 194 (80%) participants. In the control group, 26% more patients needed opioids (when
calculated for equal group size). The number needed to treat to avoid postoperative opioids
was 6 (fig 2 and table 2).

In subgroup analyses by expected pain intensity from surgery (high or low) and by type of
controlled analgesia (nurse or patient), the intervention was associated with lower opioid use
postoperatively. Opioid consumption within 24 hours of surgery was not significantly
different between patients receiving nurse controlled analgesia and those using patient
controlled analgesia (P=0.72 for the intervention and P=0.93 for the control).

In the mixed effects model for analysis of contributing factors, group allocation was the main
determinant of postoperative opioid dose (table 3).

Table 3

Mixed effects model on postoperative opioid dose within 24 hours of surgery. Values are
standardised estimates (95% confidence intervals) unless stated otherwise

Variables Estimates P value

Group allocation (intervention v control) —2.26 (—3.71t0 0.8) | 0.002

Surgery related pain levels (expected high v expected

low) 1.90 (0.1t0 3.7) 0.04

Intraoperative opioid dose 191 (1.1t0 2.7) <0.001
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Intraoperative non-opioid dose —0.46 (-1.3t0 0.4) | 0.29
Intraoperative clonidine dose 0.36 (-0.4to 1.1) |0.37
Random effects (study centre):

Within group variance 50.00
Between group variance 6.72
Intraclass correlation coefficient* 0.12

*For comparison of fixed effects estimates, with variables normalised before model
calculation.

Furthermore, expected pain level by surgery type (high or low) and individual level pain
during surgery (shown by dosage of opioids delivered intraoperatively) showed an effect. In
an additional analysis, no interaction was observed between expected pain levels by surgery
type and treatment group allocation on postoperative opioid dose (standardised estimate
—0.88, 95% confidence interval —4.1 to 2.4; P=0.60). The variance in the primary outcome
between study sites was noticeably lower than the random effects within the location.
Secondary outcome: postoperative pain

Although patients in both groups had similar pain levels preoperatively, the postoperative
course of pain differed between the groups (fig 3).

Fig 3
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Course of preoperative and postoperative pain levels.
Data are calculated from mean values by bootstrapping owing to non-normally distributed
outcome variable. Dashed line represents the numerical rating scale threshold of 3 for pain
treatment. Whiskers represent 95% confidence intervals.

1712



European Journal of Molecular & Clinical Medicine

ISSN 2515-8260 Volume 10, Issue 02, 2023

The first postoperative evaluation of pain on admission to the post-anaesthesia care unit,
before any postoperative opioid was given, showed significantly lower mean pain scores in
the intervention group (1.4 (SD 2.2) v 2.2 (2.7), P=0.002), and more patients had a score of
less than 3 (3 being the common threshold for pain treatment). The average pain score
remained 25% lower in the intervention group and was less than 3 within 24 hours, in
contrast with the control group with a score above the threshold of 3 (fig 3). Moreover,
despite a significantly higher opioid consumption in the control group, after 24 hours 61%
(95% confidence interval 54% to 68%) of these patients (119 of 194) had a postoperative
pain score of 3 or more, indicative of ongoing clinically relevant pain and need for
analgesics, compared with 81 of 191 (42%, 35% to 50%) patients in the intervention group
(P<0.001). The number needed to treat to save one patient from relevant pain (NRS score >3)
was 5.3 (table 2).

DISCUSSION

This study found a statistically significant reduction in use of postoperative opioids in
patients who received therapeutic suggestions by audiotape during surgery, which comprised
background music and mindful text. Furthermore, the number of patients who requested and
received opioids was significantly lower after the intervention. This addressed number of
affected patients are relevant for two reasons. Firstly, any report of an effect on medication
requirement needs information on the involved portion of patients to distinguish dose
reduction in most patients from reduction in the number of patients with medication
requirement. Secondly, the phenomenon of “intraoperative awareness”, the common
explanation for intraoperative perception and the reaction of only a few patients, cannot
account for the observed portion of affected patients (26% more abstinence from opioids).

A mean saving of 2.8 MME for each patient might seem unimportant; however, in most pain
studies the focus is generally on relative saving and not the absolute dose, and an opioid dose
reduction of 30%, as reported here, is considered relevant. Moreover, a mean saving does not
reflect benefit for individual patients.(11) When patients with a high need for postoperative
analgesia (=10 MME, corresponding to 10 doses of piritramide triggered in patient controlled
analgesia) were taken into account, the number decreased by 41% after intervention (see table
2). In addition, the saving of about 33 patients from exposure to postoperative opioids (when
normalised to 200 participants in each group) is of clinical interest.

Opioid consumption is one of the most appropriate and widely established measures to
evaluate postoperative pain, especially when standardised and regulated such as in patient
controlled analgesia (to a numerical pain rating scale score >3). However, pain intensity also
has to be considered, as the two variables pain and analgesia are interdependent and
inseparably connected. Furthermore, pain scoring in this study was part of a defined opioid
treatment. Starting from admission to the post-anaesthesia care unit to 24 hours after surgery,
postoperative pain was significantly lower in the intervention group (fig 3).For interpretation
of the observed relatively high pain scores it is important to take into account that the pain
score and dosage of opioids were not matched—that is, the regular evaluation of pain could
have taken place immediately before, immediately after, or at some time after a dose of the
opioid.

Several studies have shown that particular words might be processed by patients to their
disadvantage—words such “pain” might increase or even induce pain.(12) For this reason we

avoided negative words and negations in the text, and used connotations such as “increased
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comfort” instead of “no pain,” and with suggestions for regulation and reframing. Moreover,
support, care, self-healing power, and meaning were communicated. Remarkably, we found
analgesic effects without addressing the topic “pain” or “analgesia.” The tested suggestions
were associated with the general therapeutic goal of keeping postoperative pain below a score
of 3 and with a number needed to treat 6 to avoid postoperative opioids.

COMPARISON WITH OTHER STUDIES

Table 4

Effect sizes of different verbal interventions for postoperative pain relief

Hypnosis Wake Intraoperative Intraoperative
(Kekecs suggestions suggestions suggestions
2014)3 (Kekecs 2014) | (Rosendahl 2016) (current study)
Pain 0.35* 0.13* 0.04* 0.457
Opioids | 0.23* 0.09* 0.16* 0.367F

Hedges’s g provides a correction of Cohen’s d when groups differ considerably in sample
size. With similar sample size of the two groups in the present study, Hedges’s g and Cohen’s
d are directly comparable.

*Hedges’s g.
tCohen’s d.

Table 4 compares the effect sizes of different verbal interventions for postoperative pain
relief between our study and two other studies. Hypnosis is the induction of a trance state and
the use of enhanced suggestibility. Evidence suggests that preoperative hypnosis is effective
at reducing postoperative side effects after medical interventions, including pain.(13) A
recent meta-analysis of 26 randomised controlled trials on the effectiveness of suggestive
techniques in reducing adverse reactions to surgery and anaesthesia found a statistically
significant reduction in pain and a non-significant reduction in consumption of analgesics
after surgery.(14) Studies on wake therapeutic communication—suggestions given without
induction of hypnosis, based on the observation that surgical patients enter a natural trance
state through preoperative anxiety and stress and behave as though hypnotised(15)—showed
low effect on pain and no significant effect on drug use.(16)

In our study we found even higher effects, but with much less effort (no preparation, no
specialist, inexpensive). We consider a reduced resistance to suggestions after loss of critical,
rational thinking and an access to the subconscious to be responsible. An early review about
the efficacy of therapeutic suggestions during general anaesthesia found mixed results, and a
recent meta-analysis showed small but statistically significant effects on use of analgesics but
not on pain level (table 4). This was a further reason we chose opioid requirement as the
primary outcome in this study. In contrast, the effects reported here are much stronger than
observed in previous and smaller studies and involve both analgesic requirement and pain
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level.

STRENGTHS AND LIMITATIONS OF THIS STUDY

That we found a stronger effect of therapeutic suggestions during surgery than in previous
studies might relate to our study design, with analgesic requirement based on a NRS score for
pain instead of arbitrarily administered analgesia. Generally, with a liberal pain management
and high opioid dosage, pain levels are low and differed little between study groups.
Conversely, restricted analgesia leads to high pain scores with high discriminatory power.
Only by using a well defined strategy for pain treatment and by considering both pain level
and opioid consumption, induced changes in pain and request for opioids can show. A further
reason for more pronounced effects could be associated with the highly developed text we
chose for the audiotape. In this text, negative expressions such as “feel no pain” or “absence
of nausea” were replaced by positive ones such as “increased comfort.” The fundamental
structure of the text for the therapeutic communication was based on themes derived from
basic psychological needs and positive suggestions set against traumatic stressors.

Covered topics included support, contact, comfort, control, information, instructions, respect,
safety, confidence, and healing. The hypnotic interventions included dissociation to a safe
place of wellbeing, reframing of disturbing sensations and noises, reinforcement of self-
confidence, affirmation, and indirect suggestions (“He looks like he is really doing well” in
the third person, instead of a direct “You will be doing great.”) (see text in appendix). Several
of these components have been used in previous studies, but not in such a concentrated and
structured way. Moreover, former studies on this topic included fewer than 100 patients in
each group and were performed more than 19 years ago, during which time considerable
changes and developments in anaesthesia and pain management have occurred.

A limitation of our study is that the contribution of factors other than the therapeutic
suggestions remains unclear—for example, positive effects can be expected from the
background music.(17) Several beneficial effects have been described for perioperative
music, among others, on postoperative pain and analgesia.(18) However, most work on
music used in a medical setting is done on conscious patients before, during, or after surgery,
and some meta-analyses have concluded that the effect of music is lower when given during
general anaesthesia.(19) A recent randomised controlled trial on music given under controlled
general anaesthesia found no effect on postoperative neurohormonal stress response and
opioid dosage.(20) The combination of music with therapeutic communication has been
studied as well. In our meta-analysis of 32 studies with intraoperative suggestions we
identified seven that included background music. The overall saving of postoperative opioids
described there cannot be explained solely by an effect of music, and the demonstrated lack
of pain reduction was despite the additional music. Moreover, a beneficial effect can be
expected from shielding through earphones against intraoperative noises and careless talk,
including negative suggestions.

The use of two methods for administering postoperative opioids—patient controlled analgesia
and nurse controlled analgesia—might be considered a limitation. However, in the respective
study centres either one was applied uniformly in both groups, and the effect of the
intervention was shown with either type of analgesia. The heterogeneity in surgical
procedures included in our study does not necessarily represent a disadvantage or limitation,

when wider clinical impact and application is considered, but it does argue for a strong and
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robust effect. With higher homogeneity of samples, effect size usually increases, among other
reasons because of smaller variance, but generalisability or external validity decreases.38
Rather, it presented a problem in previous studies as the results from particular types of
surgery such as hysterectomy cannot be easily transferred to other types of surgery, such as
orthopaedic, or to predominantly male populations. However, there were some limitations in
the overall invasiveness, extent, and duration of the surgeries, and to enable the results to be
transferable to more invasive operations, such as cardiac surgery and other procedures with
indication for postoperative intensive care, further studies are necessary. Our subgroup
analysis shows a comparable effect of the verbal intervention in surgeries that result in both
high and low pain. Moreover, in a mixed effect model (table 3), painfulness of surgery shows
an effect on requirement for opioids postoperatively but not on the effect of the intervention.
This indicates that intraoperative suggestions might be helpful in different types of surgery.
Finally, the mechanism and mediators of the treatment effects were not the focus of this study
and need further research. The intraoperative suggestions might have an analgesic effect
postoperatively but might also modulate the development of pain during surgery.

MEANING OF THE STUDY AND CLINICAL IMPLICATIONS

As median values are hardly affected by single events, the significant effects observed in this
study cannot be explained by merely the response of a few patients, such as with
intraoperative awareness. Also the calculated number needed to treat is only compatible with
the response of a considerable portion of patients. Explicit memory of perception and words
is no prerequisite for effectiveness of suggestions in unconscious patients but rather
meaningfulness, such as in experiments when a complication is simulated during surgery, or
as in the therapeutic audio suggestions used in this study. Based on our finding of
intraoperative perception, surgeons and anaesthetists should be careful about background
noise and conversations during surgery and instead use the patient’s perception for positive
suggestions.

Various factors are linked to opioid consumption. Our analysis in a mixed effects model
(table 3) shows that therapeutic suggestions during surgery as an intervention remain an
independent determinant in this interplay of influencing factors. Surgery stratified according
to expected postoperative pain level was not a determinant of the opioid saving effect of
positive suggestions. Rather, individual sensitivity to pain and course of the surgery reflected
by the wide range of opioid dose required during surgery could play a role. This is also
indicated by the high variance of pain level by type of surgery. Therefore, our results might
indicate a wide application of intraoperative therapeutic suggestions, especially in patients
with high sensitivity to pain.

With a saving of one third of postoperative opioids and noticeably fewer patients using
opioids, the observed effect of the tested non-drug intervention not only reached statistical
significance but is also of clinical interest. Validation by further and larger studies could lead
to a call for a more general use of therapeutic suggestions in surgical patients. The efficacy of
intraoperative therapeutic suggestions shown here, together with the low effort and costs
necessary for implementation and with no side effects observed or expected, makes it hard to
argue against using this simple method for reduction of postoperative pain and opioid use.
Earlier studies on intraoperative suggestions failed to encourage wider clinical use because of
low quality and lack of corresponding reviews. Our recent meta-analysis and the present

study should help to draw attention to this topic in surgery and anaesthesia. The reported
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significant opioid saving effect of therapeutic suggestions during surgery might encourage
wider use and help to solve the social problems of opioid misuse, addiction, and overdose.
FUTURE RESEARCH

Therapeutic suggestions during anaesthesia and surgery need further evaluation, particularly
in more invasive and painful surgical procedures. Efforts to optimise the therapeutic
suggestions are desirable and promising. For instance, evidence from meta-analysis indicates
that therapeutic suggestions are more effective when delivered at least in part before the
medical procedure rather than solely during the procedure. Indication of perception and
positive effects in anaesthetised patients could encourage a similar evaluation and application
of taped positive suggestions for non-drug support in other unconscious patients—for
example, during resuscitation, intensive care, or coma.
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