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Abstract

Background: Positive effects of music on the state of mood as well as on anxiety, pain and
physiological measures were described for the postoperative setting on the ICU. 
Objectives: To examine the influence of a music intervention in the early postoperative peri-
od on patients undergoing open heart surgery. 
Methods: We examined 126 patients undergoing open cardiac surgery, randomly assigned to
one of five groups: 1) Music intervention transmitted by a closed headphone for 60 minutes
immediately after arrival on the ICU, 2) Like (1) but only headphone without music, 3) Music
intervention transmitted by a closed headphone for 60 minutes immediately after discontinua-
tion of sedation, 4) like (3) but only headphone without music 5) Control without headphone
or music. Music intervention was provided by a conventional CD player. For the self assess-
ment of postoperative complaints and patient satisfaction we used the Anaesthesiological
Questionaire (ANP2). Furthermore blood pressure, heart rate and infused catecholamines, pe-
ripheral saturation and consumption on opiod analgesics were recorded. 
Results: We found no difference between the five groups. In the analysis of variance for the
factor music there was a significant increase of pain in the operated area, thirst, nausea and re-
membrance of the postoperative period with music in the ANP (p<0.05 respectively). For the
factor early versus late intervention we found a significant improvement of pain in the operat-
ed area, discomfort and satisfaction within the perioperative course (p<0.05 respectively) when
intervention was applied early. There was neither a combined effect of both factors nor differ-
ences between further recorded data. 
Conclusions: Music intervention seems to pronounce typical perioperative complaints in this
setting. This might be explained by an intensified awareness of the situation on the ICU. The
difference between early and late intervention may indicate the importance of a sufficient
noise protection even during continuous sedation of the patient.
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Background

Using music as a soothing or healing element
in patient treatment has been of great scien-
tific interest over the last years. Would it be
possible to improve medical courses just by
listening beside pharmacological and physi-
cal treatment? The idea seems to be impres-
sive. Interestingly, this idea is not as new as it
may appear. In the 18th century the Russian
envoy in Dresden, Germany, the earl Her-
mann Carl von Keyserling, ordered pieces of
music arranged for the piano. He was of ail-
ing constitution and wanted his harpsi-
chordist to play for him hours at hours at
sleepless nights to soothe and brighten him.
Therefore, his musician, Johann Gottlieb
Goldberg, needed new material continuous-
ly. The result of this “musical treatment” is
one of the most famous compositions in mu-
sic history: The “Goldberg-Variations” from

Johann Sebastian Bach [1]. Already 4 millen-
niums B.C. Egyptian priests used music for
medical treatment and this was just the
known beginning of this kind of therapy dur-
ing centuries and different cultures [2]. In
modern times the use of image-guided diag-
nostics and the progress in areas like physiol-
ogy, psychology or neurology forced different
explanatory models for the positive effects on
human beings [3-5]. The mechanisms are still
not fully understood and different hypotheses
are discussed (fig. 1).

Many studies have been investigated pos-
itive effects of music focusing on anxiety [6-
11], state of health and satisfaction [4,11-15],
pain reduction [4,7,12,16-19] and postopera-
tive use of analgesics [7,16]. It was shown
that the amount of cortisol as a sign of stress
can be reduced by listening to music
[7,20,21]. However, the described positive ef-
fects of music on blood pressure, heart rate,
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Figure 1: Possible auditory pathways influenced by music application (modified from 4 with kind per-
mission, Copyright Elsevier)



breathing rate, oxygen saturation or body
temperature were shown inconsistently
[6,8,11,14,16,17,22-25]. Overall, the benefits
of musical treatment seem prevailing the dis-
advantages of this kind of therapy. To our
best knowledge no study has shown any hurt-
ful music effects. However, looking at the
present state of current studies we find incon-
sistent results with no reliably repeatable ef-
fects. As far as we know no studies exist ex-
ploring the effects of post-operative applica-
tion of music to sedated patients after open-
heart surgery.

Question

This study examines the implication of post-
operative musical treatment after open-heart
surgery at two given times in both sedated
and non-sedated patients analysing self-as-
sessment questionnaires, physiological data
and drug consumption of catecholamine’s
and opioid analgesics.

Methods

The study was done in accordance with the
ethics committee of study site (approval from
the 08th of June, 2005, file number: 05 – 065)
and was carried out with the ethical stan-
dards set forth in the Helsinki Declaration of
1975. 

Patients with scheduled open-heart sur-
gery (coronary bypass, valvular transplant,
both combined) were included in the study.
Exclusion criteria were amblyacousia, psycho-
logical disorders and patients with expected
prolonged recovery phase. After obtaining in-
formed consent, participants had to fill out
three questionnaires (1. Abbreviated Mental
Test/AMT; 2. Confusion Assessment Method/
CAM; 3. Condition-scaling using classes and
adjectives/BSKE). Furthermore, music was
provided by study-player and patients were
asked to adjust comfortable loudness to be
repeated during study intervention. On day
of surgery, patients were randomly allocated
to five examination groups (fig. 2), which was
done by lot. After surgery, all patients were
admitted to ICU Propofol-sedated and me-
chanically ventilated, following the protocol
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Figure 2: Recruitment and
randomization of study parti-
cipants to study groups (EG=
experimental group, CG=
control group), kind of treat-
ment (music vs. no music)
and time of treatment (early
vs. late) (∅ = no).



for treatment of postoperative cardiac sur-
gery patients at study site. Study Treatment
was delivered using closed headphones and
lasted 60 minutes, respectively (Examination
group 1-4). Control group (Examination
group 5) received no treatment. For Study
Treatment baroque pieces of music played by
organ, flute and string orchestra with a tempo
of 60 to 80 bpm were used.

Study music was provided using a
portable CD-player (EXP2461, Philips). Exam-
ination group 1 and 2 were treated immedi-
ately after admission with or without music
for 60 minutes, respectively. Examination
group 3 and 4 were treated immediately after
stopping sedation with or without music for
60 minutes, respectively. During stay on ICU,
blood pressure, heart rate, oxygen saturation,
amount of catecholamines (Norepinephrine
and Dobutamin) and frequency and dosage
of opioid analgesics (Piritramid and Pethidin)
were documented.

Stable patients were discharged from
ICU (usually on day 1 after surgery) and trans-
ferred to Inter Mediate Care (IMC). On day 3
after surgery, pre-test Evaluation (AMT, CAM,
BSKE) was repeated. Furthermore, patients
were now asked to answer a questionnaire
about their postoperative complaints and sat-
isfaction (Anesthesiological Questionaire for
patients after anesthesia/ANP) and were
asked if they were able to remember to have
listened to music after surgery. 

Used questionaires

Abbreviated Mental Test (AMT)

The AMT was developed by Hodkinson 1972
to test for mental impairment in the elderly
[26]. Since then, it has been validated in dif-
ferent populations [27,28].

Confusion Assessment Method (CAM)

This list of criteria can be used to identify
acute delirium and was published by Inouye
et al. in 1990 [29].

Condition-scaling using classes and adjectives

(BSKE)

In brief, the BSKE is a multi-dimensional self-
assessment questionnaire focusing on the ac-
tual psychological and somatic state of health
[30]. It consists of 21 items and has to be an-
swered on a 7- point Likert scale (0=not at all
– 7=very strong). 

Anesthesiological Questionaire for patients af-
ter anesthesia (ANP)
This questionnaire focuses on self-assessment
of postoperative complaints and satisfaction
of patients who underwent surgery [31-33].

Statistics

Before start of study power analysis was per-
formed. It was seen that 25 participants per
group were needed. Statistic analysis of vari-
ables between the five experimental groups
included ANOVA for hemodynamic parame-
ters, catecholamines and opioid analgesic
consumption and pre-post-analysis of ques-
tionnaires. Dichotomous traits were evaluat-
ed using crosstabs. Furthermore, 2x2 ANOVA
for independent variables “music” (yes vs. no)
and “time of study treatment” (early vs. late)
were calculated. Effect sizes for these vari-
ables were calculated using Cohen’s formula
comparing two independent groups [34]. All
p-values <.05 were considered as significant.
All calculations were performed using SPSS
15.0 (SPSS Inc., Chicago, USA).

Results

Over a period of 10 months 160 patients
were included in this study and allocated to
experimental groups (fig. 2). Participants
were aged 66.9 years on average (SD: ± 7.8y,
Min. 43y, Max. 84y) and were predominantly
male (m: 78.6%, fm: 21.4%).  Patients re-
ceived coronary bypass surgery (76.2%),
valve transplant (1.6%) or a combination of
both (22.2%). 34 patients droped out of the
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study because of postoperative complica-
tions (n=10) and organizational problems
(n=24). 

All results of pre-test questioning (AMT,
CAM, BSKE) showed homogenous distribu-
tion and no abnormalities. There were no sig-
nificant differences between the five experi-
mental groups with regard to age, sex, height,
body weight, type of surgery, hemodynamic
parameters, oxygen saturation, consumption
of catecholamines and opioid analgesics

(table 1), as well as pre-post-analysis of all
used questionnaires (AMT, CAM, BSKE). Fo-
cusing on the factor “music” there was a sig-
nificant increase of pain in the operated area,
thirst, nausea and remembrance of the post-
operative period when music was adminis-
tered. For the factor early versus late interven-
tion we found a significant improvement of
pain in the operated area, discomfort and sat-
isfaction with the perioperative course when
intervention was applied early (figure 3 & 4).
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Table 1: Differences between the five experimental groups with regard to age, sex, height, body
weight, type of surgery, hemodynamic parameters, oxygen saturation, consumption of catecholami-
nes (Arterenol/Dobutamin) and opioid analgesics (Pethidin/Piritramid). (EG = experimental group, CG
= control group, fm = female, m = male, ACB = aortocoronary bypass, VT = valvular transplant, BP =
Blood Pressure, n.s. = non significant)

EG 1 EG 2 EG 3 EG 4 CG Between-
group 
Differences 

Age (years) 65,8± 9,7 66,6±8,4 65,5±6,2 67,6±6,5 68,8±8 n. s. 
(p= 0,579)

Sex 
(fm % / m %)

20/80 36,0/64,0 16,7/83,3 11,1/ 88,9 24/76 n. s. 
(p= 0,257)

Height (cm) 172,3±7,9 171,6± 10,3 175,6±9,4 172,8±8,3 170,8±7,8 n. s. 
(p= 0,384)

Weight (kg) 83,6±14,4 82,2±15,8 85±14,4 81,3±11,3 81,9±15,6 n. s. 
(p= 0,897)

Type of surgery
(ACB % / VT% /
Komb.%)

84/0/16 84/4/12 66,7/0/33,3 81,5/ 0/ 18,5 64/ 4/ 32 n. s. 
(p= 0,386)

Heart rate
(1/min) 

94 ± 9 94 ± 9 93 ± 7 92 ± 5 93 ± 7 n. s. 
(p= 0,860)

BP syst.
(mmHg) 

124 ±16 119 ± 12 123 ± 16 126 ± 15 123 ± 15 n. s. 
(p= 0,583)

BP diast.
(mmHg)

59 ± 11 58 ± 7 58 ± 6 59 ± 6 59 ± 8 n. s. 
(p= 0,943)

Oxygen satura-
tion (%)

98 ± 2 98 ± 1 98 ± 3 99 ± 1 99 ± 1 n. s. 
(p= 0,442)

Arterenol (ml) 
(1 ml = 100 µg)

0,00 0,00 0,46± 1,56 0,00 0,08± 0,40 n. s. 
(p= 0,106)

Dobutamin (ml)
(1 ml = 5 mg)

0,14± 0,61 0,00 0,31± 0,93 0,19± 0,68 0,08± 0,40 n. s. 
(p= 0,458)

Pethidin (mg) 45,5 ± 22,8 50,5± 27,4 54,7 ± 38,5 56,0 ± 32,4 47,0 ± 28,3 n. s. 
(p= 0,670)

Piritramid (mg) 17,6 ± 9,2 19,8 ± 14,0 15,4 ± 7,8 15,7 ± 9,5 13,9 ± 9,1 n. s. 
(p= 0,287)



There was neither a combined effect of both
factors nor differences between further
recorded data. 

Discussion

The benefit of musical treatment on patients
has been an ongoing matter of discussion as
different studies showed either no [14,23-25]
or positive effects [22,35-41]. However, at
least data is suggestive of not causing nega-

tive or harmful effects on treated patients. Al-
though analyses of the five experimental
groups in this study showed no significant dif-
ferences it is worth to take a closer look at
the effects of the factors “music” and “time of
study treatment”. Particularly with regard to
sedated patients on ICU the results may lead
to the conclusion that firstly, listening to mu-
sic in this setting may be connected to nega-
tive effects and secondly early acoustic baffle
could be beneficial. However, as there was
no interaction seen between these two fac-
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Figure 3: Significant results for
the factor music immediately
post-operative (music versus
no music application): 1. "Pain
in the operated area", 2.
"thirst", 3. "nausea" and 4. "re-
membrance of the postoperati-
ve period" was significantly in-
creased when music was ap-
plied. X-axis: Effect sizes of
complaints [34], Ordinate:
Items of Anesthesiological
Questionnaire for patients after
anesthesia (ANP) (* = p <
0,05). Data collection was done
on day 3 after surgery. 

Figure 4: Significant results for
the factor "time of intervention"
(early versus late) on day 3 af-
ter surgery: 1. "Pain in the ope-
rated area" and 2. "malaise"
was significantly decreased
and 3. "Contentment with daily
routine on day of surgery" was
significantly increased when in-
tervention was applied early. X-
axis: Effect sizes of complaints
[34], Ordinate: Items of "Anes-
thesiological Questionnaire for
patients after anesthesia"
(ANP) and "Condition-scaling
using classes and adjectives"
(BSKE) (* = p < 0,05, ** = p <
0,01). Data collection was done
on day 3 after surgery.



tors it cannot be assumed that early shielding
may be the best but early application of mu-
sic the worst option. Effect sizes were seen as
small till medium. Therefore, there is a strong
suspicion that significant effects and interac-
tion between both factors may have been
demonstrated in a larger random sample.
Other studies showed evidence that noise on
ICU is a problem by all means. Conversations
of staff, alarms of medical devices, ringing
phones, and noise during nursing activities
are the main factors for sound volumes up to
100 decibels [40,42]. Shertzer et al. explored
effects of a quiet environment on patients af-
ter surgery in the recovery room. These pa-
tients reported significant pain reduction over
one hour and higher postoperative satisfac-
tion compared to patients in a “normal” sur-
rounding [4]. Beneficial effects of noise re-
duction were also demonstrated by Wallace
et al exposing healthy volunteers’ to a simu-
lated ICU-soundscape [43]. It was seen that
in participants using earplugs REM-sleep was
seen earlier and more often. Focusing on mu-
sical effects on hemodynamic parameters
and oxygen saturation inconsistent results ex-
ist. Both positive and no effects have been
described for blood pressure [7,8,10,11,13,
14,16,35,37,38,40,44], heart rate [7,8,10,13,
14,16,22,35,37,38,40,44,45] and oxygen sat-
uration [7,17]. However, no significant effects
on these parameters were seen in this study.
Studies exploring musical effects on con-
sumption of opioid analgesics in patients
who are awake showed either a significant re-
duction of dose rate [7,16,46,47] or no ef-
fects [17,25,37]. Our study was conducted
on Propofol-sedated patients and application
of analgesics was not rigid but triggered by
clinical appearance of symptoms estimated
as pain and was performed by nursing staff.
Therefore, it can be assumed that no observ-
able differences were seen between all exper-
imental groups, while different pain levels
were reported on day three after surgery. This
finding suggests that evaluation of musical ef-
fects just using observable effects seems to
be insufficient in sedated patients. But why
does music in this study seem to be connect-

ed with negative effects whereas early appli-
cation of music or acoustic baffle seems to
be beneficial? Although musical treatment
showed negative effects, the early application
of music seems to have had a kind of shield-
ing effect, too. Nilsson et al showed signifi-
cant positive effects on pain perception, anal-
gesic consumption, cortisol-levels, anxiety
and fatigue in sedated patients exposed to
music [46,47,7]. But Nilsson’s collective were
patients with hernia- or varices-surgery lasting
no longer than one to two hours and these
patients where sedated and ventilated no
longer than one hour. The participants of our
study were sedated and ventilated in mean
for four hours and underwent open-heart sur-
gery. These patients had a definitely longer
period of unconsciousness, and it may be
postulated that the phase of sedation could
be a vulnerable period especially for acoustic
stimuli. This may cause a change in percep-
tion of music for instance, which in patients
who are awake may be found pleasurable but
not in sedated patients. Maybe the immedi-
ate post-operative sleeping period is an im-
portant phase for recovery which fits to the
findings of a better remembrance of the time
immediately after surgery in patients with mu-
sical treatment. All kind of external stimuli,
even music, may disrupt this early recovery.
Following this hypothesis, musical treatment
would not reduce negative feelings, but
would keep the consciousness of this pa-
tient’s alert, which may lead to a better per-
ception of negative sensations such as pain
or malaise.  This theory is supported by the
finding that although no significant differ-
ences between analgesic consumption were
seen, early acoustic shielding showed less
perceived pain and musical treatment
showed more perceived pain described in
questionnaires. Furthermore, interpretation of
acoustic stimuli as negative or positive is al-
ways subjective. Music as a pleasant acoustic
stimulus could help to reframe situations
which have in general a negative connotation
[3]. Unconsciousness induced by hypnotics
may prevent reframing and may lead to per-
ception of music simply as noise. Neverthe-
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less, different limitations of this study have to
be mentioned. Although power analysis was
performed prior study start, the results
showed effect sizes from small till medium.
Therefore, group sizes seem to be too small
to show significant results, which may have
been obviously significant using larger group
samples. Furthermore, intervention time of
sixty minutes was chosen arbitrarily. Probably
longer shielding or music application may
have shown higher significant levels. For post-
operative pain management no standardized
therapy regime was used but just clinical ap-
pearance of symptoms estimated as pain by
nursing staff. Although no significant differ-
ences were seen between all experimental
groups influences on the results of this study
can not be definitely excluded. 

Conclusion

Typical post-operative complaints after open-
heart surgery seem to be aggravated by musi-
cal treatment. Given that remembrance of im-
mediate post-operative period was enhanced
in these patients this could be due to in-
creased perception of the environment on
ICU. The beneficial effects of early interven-
tion may be an indication of the importance
of sufficient acoustic baffle especially in se-
dated and post-operative patients. This
should be evaluated in further studies.
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