
Vol.:(0123456789)1 3

Aging Clinical and Experimental Research (2023) 35:1865–1872 
https://doi.org/10.1007/s40520-023-02476-x

ORIGINAL ARTICLE

Intraoperative suggestions to prevent postoperative delirium 
in patients undergoing transaortic valvular replacement: 
a randomized placebo‑controlled trial

Christina Kaufmann1 · Nina Zech1 · Florian Brandt1 · Michael Hilker2 · Kurt Debl3 · Marcus Creutzenberg1 · 
Florian Zeman4 · Bernhard M. Graf1 · Barbara Sinner1,5

Received: 8 November 2022 / Accepted: 6 June 2023 / Published online: 1 July 2023 
© The Author(s) 2023

Abstract
Background Postoperative delirium (POD) is a serious complication following anaesthesia and surgery and significantly 
influences postoperative outcome especially in the elderly population. Intraoperative music and positive suggestions influ-
ence postoperative outcomes by attenuating analgesic demand and increasing patient satisfaction.
Aims Here, we examined the effect of intraoperative music and positive suggestions on the development of POD in aged 
patients undergoing transcatheter aortic valve replacement (TAVR) procedure under general anaesthesia.
Methods For this randomized placebo-controlled study, eligible patients without cognitive deficit, indicated by a MMSE < 10 
points, were anesthetized using remifentanil and sevoflurane. Anaesthetic depth was guide with bispectral index. An audiotape 
with positive suggestions was applied from a MP3 player via headphones. POD, pain and PONV was assessed. CAM-ICU 
and Nu-DESC were done twice daily for the first 5 days.
Results Of 140 patients 118 patients could be analysed (57 male, 80.6 ± 5.1 years). POD was diagnosed in 16 patients 
(12.7%). POD was significantly more often observed in male (12, 21.1%) than in female (4, 6.6%, p = 0.02) and in patients 
with a low MMSE (23.6 ± 4.5 vs. 26.8 ± 2.8, p = 0.001). Anaesthetic depth did not influence the incidence of POD. Intraop-
erative music and suggestions did not affect the rate of POD, pain, analgesic requirement or PONV.
Discussion In patients undergoing TAVR male sex and low MMSE scoring are associated with an increase in POD.
Conclusions Intraoperative music and positive suggestions do not influence the incidence of POD in this patient group.
Study registration DRKS: 00024444, start of registration: 4.02.202, final registration: 17.09.2021
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Introduction

Postoperative delirium (POD) is a serious complication 
characterized by an acute mental change and fluctuation in 
attention and cognitive function. POD can result in chronic 
deterioration of the cognitive functions, postoperative cog-
nitive dysfunction (POCD), and is also associated with 
increased postoperative morbidity, institutionalization and 
mortality [1–3]. Several risk factors for the development of 
POD are discussed among which comorbidity and older age 
were identified as one of the most important predisposing 
parameters [3]. Currently, the leading hypothesis suggests 
that POD is triggered by neurotransmitter imbalance and 
neuroinflammation [4]. Transcatheter aortic valve replace-
ment (TAVR) is a minimal invasive procedure to replace the 
aortic valve and is treatment of choice in old patients whose 

 * Barbara Sinner 
 Barbara.Sinner@i-med.ac.at

1 Department of Anesthesiology, University Hospital 
Regensburg, Regensburg, Germany

2 Department of Cardiothoracic Surgery, University Hospital 
Regensburg, Regensburg, Germany

3 Department of Cardiology, University Hospital Regensburg, 
Regensburg, Germany

4 Department of Medical Biostatistics, University Hospital 
Regensburg, Regensburg, Germany

5 Department of Anesthesia and Intensive Care, Medical 
University Innsbruck, Anichstrasse 35, 6020 Innsbruck, 
Austria

http://crossmark.crossref.org/dialog/?doi=10.1007/s40520-023-02476-x&domain=pdf


1866 Aging Clinical and Experimental Research (2023) 35:1865–1872

1 3

physical status and comorbidity is a relative contraindica-
tion for open heart surgery and who are at risk for POD 
[5]. The systemic inflammation response syndrome occurs 
more often in patients with open aortic replacement than in 
TAVR [5].

Even though perception and integration of information 
during anaesthesia are supposed to be turned off, yet, vari-
ous observations suggest that auditory information process-
ing is potentially intact [6, 7]. Depending on anaesthetic 
depth acoustic signals can be perceived. This is utilized 
when anaesthetic depth is estimated using auditory evoked 
potentials [8]. Anaesthesia should be deep enough to pre-
vent awareness, active perception or memorizing meaning-
ful events [9, 10]. However, implicit memory, unconscious 
perception, or memories might also affect the postopera-
tive outcome [11]. There are several studies examining the 
effect of therapeutic suggestions during general anaesthesia 
on postoperative outcome [12]. Two meta-analysis of found 
no positive effect on pain perception and mental distress 
by positive intraoperative suggestions [12, 13]. However, a 
positive effect on drug use and recovery could be detected. 
Nowak et al. examined the effect of intraoperative positive 
suggestions during general anaesthesia and found a signifi-
cant reduction in the pain scoring especially during the first 
two hours following surgery and a reduction in postoperative 
opioid requirements within 2 and 24 h after surgery com-
pared to control group [14].

Here, we examined the effects of intraoperative positive 
suggestions applied via headset on the development of POD 
in aged patients who underwent TAVR under general anaes-
thesia. Additionally, we evaluated the effect on postoperative 
pain and nausea and vomiting (PONV).

Methods

This prospective double-blinded, randomized and placebo-
controlled study was approved by the Ethical Committee 
of the University Hospital Regensburg (No.: 20–2132-101). 
The study was conducted in accordance with the consoli-
dated standards of reporting trials (CONSORT) guide-
lines and the principles of Good Clinical Practice, and 
registered in the German study registration (DRKS, No: 
DRKS00024444).

Study design and randomization

Adult patients who underwent elective TAVR procedure 
under general anaesthesia were considered to be eligible 
to be included in the study. Patients needed to understand 
German and hearing disabilities should not exceed the vol-
ume adjustment of the MP3 player. Exclusion criteria were 
neurological disease including severe dementia. Following 

enrolment of the study, patients underwent neurocogni-
tive assessment using the Minimental State Examina-
tion (MMSE). Patients who scored below 10 points were 
excluded from the study. To ensure correct loudness of the 
tape the necessary volume of the MP3 player was adjusted 
using a test tape and documented.

Two MP3 players (Intenso Music Mover™, 8 GB, Intenso 
GmbH, Vechta, Germany), connected to a headset (Sony 
MDR-ZX110AP™, Sony, Monato, Japan). One MP3 player 
contained the study tape and the other with an empty file, 
were marked with the number 1 or 2. Randomization of the 
numbers 1 and 2 was performed on a simple randomization 
base. Each randomization was kept in a sealed envelope. 
Following inclusion in the study an envelope was assigned 
to each participant.

Patients in the intervention group listened to a 20-min-
long audio file with background music and therapeutic sug-
gestions followed by 10 min of silence, which was played 
repeatedly until the end of surgery. A different file was 
played to prepare the patients for emergence from anaesthe-
sia, starting when volatile anaesthesia was stopped. Follow-
ing hypnotherapeutic principles, the text included direct and 
indirect positive messages. It addressed topics like compe-
tence and care of the surgical and anaesthesiology team, pain 
regulation, dissociation to a save place, affirmation, anxiety 
control and confidence. The patients in the control group 
received an identical looking MP3-player with a blank audio 
file. For more details please see Nowak et al. [14].

Anaesthesia was induced using Remifentanil (0.1–0.3 μg/
kg/min), Oxycodon 50–100 μg/kg, Propofol 1.5–2.5 mg/kg 
and Rocuronium 0.3–0.5 mg/kg. Anaesthesia was main-
tained using Remifentanil (0.1–0.3 μg/kg/min) und Sevo-
flurane (0.6–0.7 MAC). All patients received an arterial line, 
a central venous line and a pacemaker for rapid pacing. The 
TAVR procedure was performed in a hybrid operating room 
and with the use of transoesophageal echocardiography. A 
balloon aortic valvuloplasty was performed followed by 
the insertion of a catheter sheath. The bioprosthetic valve, 
crimped onto a balloon catheter, was advanced across the 
native aortic valve. During rapid right ventricular pacing, 
balloon inflation of the crimped heart valve was expanded 
and was secured to the underlying aortic-valve annulus. 
Valve position and leak were controlled with TEE. At the 
end of surgery patients were extubated and transferred to the 
ICU where they stayed overnight. In general, patients were 
discharged from ICU the next day.

Following induction of anaesthesia, a Bispectral Index 
electrode was placed on the forehead and connected to the 
Bispectral Index monitor (BIS™, Software Version 3.01, 
Medtronic, Minneapolis, USA) to record anaesthetic depth. 
BIS was recorded every minute and exported into an excel 
file. For analysis the mean BIS, BIS episodes below 40 and 
BIS phases below 40 for more than 5 min were analysed. To 
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determine the relative duration of BIS episodes below 40 the 
ratio between the duration of recording and the duration of 
the low BIS episodes was calculated.

A simple randomisation was performed by using the num-
bers 1 and 2 equally distributed. Each number was stored in 
a sealed envelope. After successfully finishing the MMSE an 
envelope was assigned to the patient. Two MP3-players each 
singed with the number 1 or 2 were used for the study. One 
with the study and one player the empty control tape. Prior 
to surgery, the attending anaesthesiologist who was not part 
of the study team, unsealed the envelope of the respected 
participant. The respective MP3-player was started and the 
headset was adjusted to the to the pre-registered loudness 
and put on the patients´ ears. At the end of surgery, the head-
set and BIS Monitoring were removed, the patients were 
extubated and transferred to the intermediate care unit.

POD was detected by physicians who were blinded to 
the treatment and not involved in the anaesthetic procedure. 
Patients were tested 2 and 6 h post intervention on the day of 
surgery, and twice daily on day 1, and 3 in the morning and 
the evening, respectively and -if the patient developed POD- 
daily until day 5, using the CAM-ICU (Confusion Assess-
ment Method) and the Nu-DESC (Nurse Delirium Screening 
Scale). Treatment of the POD was according to the respon-
sible physician. Patients were evaluated for postoperative 
pain on the day of operation (2 and 6 h post-surgery) and on 
postoperative day 1 in the morning and the evening using 
the numerical pain rating scale (NPRS) ranging from 1–10. 
Analgesic medication was taken from the patients´ charts 
and was directed by the responsible physician. Patients were 
also evaluated for PONV, 2, 6 h following extubation and on 
postoperative day 1. Patient history and pre-existing condi-
tions were taken from the patient charts.

Statistical analysis

In accordance with previously published data, the sample 
size was calculated as a 30% rate of patients with POD. 
Therefore, 58 patients in each group were needed to have 
80% power at a two-sided alpha level of 0.0515. To allow for 
potential un-evaluable patients, the number of patients to be 
enrolled was increased to 140.

The randomization was un-blinded at the end of the 
patient recruitment. Patient data were stored in a CRF and 
transferred to a SPSS worksheet (Version 24) for further 
analysis. BIS data were collected from the BIS Monitor 
and were stored on an Excel sheet. Continuous variables 
are reported as mean with standard deviation or interquar-
tile range, when appropriate. Dichotomous variables are 
reported as numbers with percentages and were compared 
using the Chi squared test of independence. Non-paramet-
ric were analysed using Mann–Whitney U test. Normal 

distributed categorical variables were analysed with stu-
dents t-test. Results were statistically significant when p 
was < 0.05.

Results

140 patients were evaluated for eligibility (Fig. 1). 126 
patients were randomized for either the study (64 patients) or 
the control group (61 patients). In the study group 4 patients, 
and the control group 3 patients had to be excluded from the 
analysis resulting in 118 (57 male, 48.3%) patients (Fig. 1). 
Mean age was 80.6 ± 5.1  years (range: 65–91) height: 
167.6 ± 9.3 and weight: 76.7 ± 14.8). All but two patients 
were extubated and transferred to the ICU with a mean 
ICU stay of 2.23 ± 2.0 days (a minimum of 1 day, maxi-
mum 9 days, male patients 2.6 ± 2.2 days, female patients 
1.9 ± 1.7, p = 0.092). The two patients were extubated on 
ICU on the day of surgery. Medium length of ICU stay was 
2.2 ± 2.0 days (range 1–9 days).

Postoperative delirium was diagnosed using the CAM-
ICU in 16 patients (12 men, 12.7%) and using the Nu-DESC 
in 10 patients (6 men, 7,9%) (Table 1). Patients who were 

140 pa�ents were assessed for eligibility

127 pa�ents were randomized

6 refused to take part 
7 did not meet inclusion 
criteria

64 assigned for 
the study group

61 assigned for 
the control group

1 viola�on of the protocol
2 surgeries were cancelled
1 TA-TAVI

2 viola�on of the protocol
1 TA-TAVI

60 were included 
in the analysis

58 were included 
in the analysis

Fig. 1  Patient flow-chart
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diagnosed with delirium by the Nu-DESC were also diag-
nosed positive for POD with the CAM-ICU. As the CAM-
ICU is more sensitive to diagnose delirium than the Nu-
DESC and revealed more delirium in our study than the 
Nu-DESC, we used the results of the CAM-ICU for further 
analysis [15].

The incidence of the postoperative delirium was high-
est on postoperative day 1 in the morning (9 patients, 
7.6%). Men (n = 12, 21.1%) were diagnosed significantly 
more often (p = 0.02) with a delirium than women (n = 4, 
6.6%) and this was still significant after multiple com-
parisons (p = 0.031). There was no association between 
the incidence of delirium and the duration of anaesthe-
sia (120.3 ± 27 min, p = 0.352) or the duration of surgery 
(44.0 ± 21 min, p = 0.481). Besides the aortic stenosis 
patients were diagnosed with relevant cardiac comorbidi-
ties (Table 1). None of the comorbidities were related to 

the incidence of postoperative delirium. The development 
of a POD was not associated with an increased length of 
ICU stay (2.04 ± 1.8 days v. 3.5 ± 2.7 days, p = 0.054). The 
two patients who could not be extubated immediately after 
the procedure were not diagnosed with a POD.

The mean scoring in the MMSE was 26.4 ± 3.3 points, 
with a minimum of 13 points. The attained score did not 
differ between female and male patients (female: 61, 
male 57, p = 0.341). Patients who did not develop POD 
(26.8 ± 2.8) achieved a significant higher scoring in the 
MMSE (p = 0.0012) than patients who developed a POD 
(23.6 ± 4.5) at any time point postoperative (Table 1). 
22.9% (27 patients, 14 female and 13 male) of the study 
population presented with a mild to moderate cognitive 
impairment indicated by a MMSE scoring between 24 
and 10. These patients showed a significant increase in 
POD (p = 0.001) compared to patients with a MMSE of 25 

Table 1  Patient characteristics 
in patients with and without 
postoperative delirium

The CAM-ICU was used as reference test for POD. Due to the small number of patients, COPD, Asthma 
and emphysema as well as all stages of renal failure, respectively, were grouped together. Data are shown 
as absolute number or mean and SD. Statistical significance with * p < 0.05

Total POD No POD P

Delirium (CAM-ICU) 118 16 (12.7%) 102 (87.3%)
 Male (n) 57 (48.3%) 12 (21.0%) 45 (79.0%) 0.020 *
 Female (n) 61 (51.7%) 4 (6.6%) 57 (93.4%)

Delirium (NuDESC) 10 (8.5%) 108 (91.5%)
 Male (n) 6 49
 Female (n) 4 57
 Difference between male/female 0.150
 Duration of anesthesia (min) 120.3 ± 27.0 119.8 ± 27.1 123.1 ± 27.0 0.352
 Duration of surgery (min) 44.0 ± 20.3 43.2 ± 20.0 48.8 ± 22.1 0.481
 Length of ICU stay (days) 2.2 ± 2.0 3.5 ± 2.7 2.0 ± 1.8 0.054

Cormorbidities
Cardiac disease
 Arterial Hypertension (n) 97 (82.2%) 13 (81.5%) 84 (82.4%) 0.581
 Arial fibrillation (n) 10 (8.5%) 3 (18.8%) 7 (6.7%) 0.135
 Coronary artery disease (n) 84 (71.2%) 10 (62.5%) 74 (72.5%) 0.291
 Cong. heart failure (n) 13 (11.0%) 2 (12.5%) 11 (10.8%) 0.555

Pulmonary diseases
 OSAS (n) 14 (11.9%) 1 (6.3%) 15 (14.7%) 0.401
 COPD, asthma, emphysema (n) 8 (6.8%) 3 (18.8%) 5 (4.9%) 0.075
 Pulmonary hypertension (n) 10 (8.5%) 3 (18.8%) 7 (6.9%) 0.135
 Chronic renal failure (n) 67 (56.8%) 11 (68.8%) 56 (54.9%) 0.223

Pre-existing neurologic disease 25 (21.2%) 3 (18.8%) 22 (21.6%) 0.548
Metabolic disease
 Diabetes mellitus (n) 42 (35.6%) 8 (50%) 8 (7.8%) 0.155
 Thyroid disease (n) 36 (30.5%) 5 (31.3%) 11 (10.8%) 0.577

MMSE(points) 26,4 ± 3,3 23.6 ± 4.5 26.8 ± 2.8 0.012 *
 MMSE 24–10 (mild-moderate dementia) (n) 27 (22.9%) 8 (50%) 19 (18.6%) 0.01*

Male 26.3. ± 3.1 24.0 ± 4.3 26.6 ± 3.1 0.061
 Female 26.4 ± 3.4 22.3 ± 5.5 26.5 ± 3.1 0.217
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points or higher. Listening to the suggestions and music 
did not influence the incidence of POD in this subgroup 
(p = 0.295).

Anaesthetic depth and burst suppression

BIS values could be recorded continuously in 113 patients 
(56 male and 57 female). Average BIS was 44.5 ± 6.5. The 
study protocol demanded that the BIS should be between 60 
and 40. However, BIS episodes below 40 for ten seconds or 
more could be detected in 109 (96.5%) patients (Table 2). 
In 56 (49.5%) of the patients BIS, was at least once below 
40 for more than 5 min. The relative median duration of 
BIS < 40 was 16.7 (interquartile range: 3.6–40.6). There was 
no significant correlation between any of the recorded or cal-
culated BIS parameters, respectively, and the development 
of POD. Four patients (2 female and 2 male) experienced 
burst suppression during the procedure. Mean duration was 
(5.5 min ± 4.7 min), (min 40 s, max. 11.5 min). Burst sup-
pression was not associated with delirium (3 patients without 
vs. 1 patient with POD, p = 0.439) and could not be observed 
more often in patients with lower MMSE (23.33 ± 3.3 vs. 
25.8 ± 1.5, p = 0.58).

Of the 118 patients included in the study group, 60 
patients (32 female and 28 male) were exposed to the tape 
and 58 (29 female and 29 male) were randomized to the 
placebo group and listened to the empty tape. None of the 
patients reported of conscious recollection of any event dur-
ing the TAVR procedure. In each group, 8 patients devel-
oped POD. There was no statistically significant difference 
in POD between the patients who were in the treatment or 
in the placebo group (p = 0.577).

Postoperative pain

On the day of the TAVR procedure, 32 patients complaint of 
pain (NPRS ≥ 3) and average NPRS was 4.4 ± 1.1 (median: 
4). On postoperative day one, 7 patients complained of pain 
(NPRS: 4.6 ± 0.8, median: 4) (Table 3). There was no dif-
ference in PRS scoring between patients who were in the 
treatment and those in the placebo group (day of surgery: 
p = 0.324, postoperative day 1: p = 0.218). There was also 
no significant correlation between the treatment group and 
the control group and consumption of analgesic drugs on 
both days (Table 3).

PONV

Following the procedure, 8 (6.9%) patients complaint of 
PONV and on day one 1 patient required antiemetic drugs. 
Listening to the tape did not influence the incidence of 
PONV (p = 0.517).

Discussion

This is the first study that examines intraoperative music and 
positive suggestions on the development of POD. Intraop-
erative positive suggestions are supposed to have a positive 
impact on the postoperative process [12–14, 16]. Several 
studies show that even though postoperative pain is not 
reduced patients request less pain medication than patients 
who were not exposed to suggestions and music [12–14]. 
Here we examined the incidence of POD in aged patients 
who received positive suggestions and music via an MP3 

Table 2  BIS values for all patients and for patients with or without 
POD

BIS values could be obtained from 113 patients. The average BIS, the 
mean of the lowest BIS values as well as the number of BIS phases 
below 40 during each anesthesia did not differ between patients with 
and without POD. The relative proportion of BIS phases and the rate 
of burst suppression was not statistically significant between patients 
with POD or not, statistical significance with *p < 0.05

n POD No POD p

Delirium (CAM-ICU) 113 15 (13.3%) 98 (86.7%)
 Average BIS 44.5 ± 6.5 44.5 ± 5.8 44.5 ± 6.6 0.975
 Avarage lowest BIS 26.9 ± 8.7 26.6 ± 5.7 26.9 ± 9.1 0.867
 Mean number of 

BIS phases < 40 
for > 5 min

1.0 ± 1.5 1.2 ± 1.7 0.93 ± 1.4 0.556

 BIS < 40 (min) 20.9 ± 22.0 22.0 ± 18.8 21.5 ± 20.2 0.942
  Median: 14.7 20.9 14

 Relative BIS < 40 (%) 25.4 ± 26.5 24.4 ± 20.2 25.5 ± 27.4 0.995
  Median: 16.7 24.3 16.6

 Burst suppression 4 1 (6.7%) 3 (3.1%) 0.439

Table 3  Postoperative pain and analgetic consumption

On day of surgery, a NPRS was recorded in 32 patients. 57 received 
analgesic drugs following TAVR procedure. In 14 patients analge-
tic drugs were prescribed without evaluating a NPRS. There was no 
significant difference in NPRS or pain medication in patients of the 
study and the control group (p < 0.05 was regarded as statistically sig-
nificant)
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player during TAVR procedure. POD was more frequently 
observed in male patients and patients with lower preop-
erative MMSE. However, intraoperative music and positive 
suggestions did not influence the incidence in POD.

POD is a serious complication as it impacts postoperative 
process as well as long-term outcome of the patients result-
ing in death, dementia, loss of independence and poor cog-
nitive and functional outcome. The incidence in our study 
was 12.7% and this is in accordance with other investigations 
reporting an incidence range of 7–26% [5]. There are differ-
ent screenings tools for delirium. The CAM-ICU has been 
validated as the most sensitive tool among patients on ICU 
and is described as more sensitive than other tests [15]. In 
our study, delirium was also more often detected with the 
CAM-ICU than with the Nu-DESC. Therefore, we used the 
CAM-ICU for further analysis.

Several factors were identified who contribute to the 
development of POD [17]. Male sex is a risk factor for POD 
[18]. Our results indicate that male patients undergoing 
TAVR procedure an increased risk for POD. Mauri et al. 
showed that POD in TAVR patients was a predictor for an 
increased 2-year mortality [17]. The difference between men 
and women might in part be due to difference in baseline 
immune system activity and immune response to stressors 
[19]. We could not detect a correlation between pre-existing 
comorbidities and the development of POD, several studies 
indicate that e. g. chronic heart failure, renal failure or drug 
abuse are associated with an increase in POD [20].

Another risk factor for POD is preoperative pre-existing 
neurocognitive decline [1, 2]. We found a strong correlation 
between the reduction in neurocognitive function indicated 
by lower MMSE and the development of POD. The low 
achievements in MMSE can be an indicator for a reduced 
cognitive reserve to adjust to unfamiliar situations and POD 
is even regarded as a possible early marker of neurodegen-
erative or neurocognitive disease [2].

There are conflicting results that depth of anaesthesia 
and burst suppression is associated with increased rate 
for delirium [21, 22]. In several studies anaesthetic depth 
indicated by a BIS below 40 or burst suppression phases 
were associated with increase in POD [21–23]. We used 
BIS monitoring to ensure adequate depth of anaesthesia as 
well as to document low BIS phases and burst suppression. 
However, we could not show any relationship between low 
BIS or even burst suppression and the development of POD. 
Deep anaesthesia in combination with a major surgery and 
inflammation might promote the development of POD [24]. 
TAVR is a rather minimal invasive and not painful proce-
dure, however can be associated with a significant systemic 
inflammation response [25].

There are several studies with mixed results suggesting 
that therapeutic suggestions during general anaesthesia have 
a positive impact on postoperative processes [12, 13]. A 

recently published multi-centre study revealed a significant 
impact on the use of analgesic drugs but not on pain [14]. 
Other studies showed a statistically significant correlation 
between postoperative opioid consumption and audiotape 
use [13]. Music is more effective when administered before 
than instead or during the procedure [26]. General anaes-
thesia alters the conscious reversibly, without turning off 
the global brain. Anaesthesia therefore might produce dif-
ferent consciousness states ranging from complete absence 
of any subjective experience to a consciousness experience 
without perception and memory and episodes of conscious 
awareness. Some sensory cortex functioning seems to be 
preserved during general anaesthesia, as the primary audi-
tory cortex remains receptive and reactive to auditory stim-
uli even during deep sedation [27]. This would allow for 
implicit awareness, defined as intraoperative unconscious 
perception without explicit recall. A recent review by Fu 
et al. assumes that if each consciousness state may poten-
tially be followed by explicit or implicit memories after the 
procedure. In this respect, anaesthesia can be considered as 
a “proxy to explore consciousness” [13]. However, in our 
study in aged patients, music in combination with positive 
suggestions applied during general anaesthesia did not influ-
ence the incidence of POD.

Previous studies report of a positive effect on postopera-
tive analgesic consumption [12–14]. In our study of patients 
undergoing TAVR procedure suggestions had no effect on 
postoperative analgesic requirement or pain. This is in con-
trast to other studies in which Patients undergoing TAVR 
procedure complaint of modest pain indicated by a low 
NPRS and the low analgesic demand in our study. In addi-
tion, the study was not powered for this and post operative 
analgesic regime was not standardized but patients received 
pain medication on demand and the drugs were chosen by the 
responsible physician. The TAVR procedure is not a painful 
procedure compared to general surgery and patients mostly 
complain of pain due to the dressing on the puncture site. In 
our study, listening to the audiotape had no impact on the 
development or prevention of PONV. PONV was assessed 
in several studies. Two studies reported short-lasting PONV 
relief directly after surgery but not the other day while three 
studies found PONV to be reduced when patients had been 
exposed to positive therapeutic suggestions [12].

A limitation of our study is that the contribution of fac-
tors other than the therapeutic suggestions and music remain 
unclear. This includes verbal commands and communica-
tion between the persons involved in the TAVR procedure. 
In addition, the content of the tape is not usefully to pre-
vent POD, e. g. dissociation to a safe place could be rather 
counterproductive in the context of delirium prevention. 
Suggestions with more re-orientated content might be more 
protective. Furthermore, the incidence of POD was rather 
low. The presumed number of participants was calculated 
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based on the incidence of POD previously described in our 
TAVR population [28].

In conclusion, in the study in patients undergoing TAVR 
procedure, POD could be significantly observed more often 
in male patients and patients with preoperative cognitive 
decline. The application of intraoperative music and positive 
suggestions via headset did not reduce the incidence of POD 
in this patient group.
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