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Introduction: Patients who await surgery often suffer from
fear and anxiety, which can be prevented by anxiolytic
drugs. Relaxing music may be an alternative treatment
with fewer adverse effects. This randomised clinical trial
compared pre-operative midazolam with relaxing music.
Method: Three hundred and seventy-two patients sched-
uled for elective surgery were randomised to receive
pre-operative prevention of anxiety by 0.05–0.1 mg/kg
of midazolam orally or by relaxing music. The main out-
come measure was the State Trait Anxiety Inventory (STAI
X-1), which was completed by the patients just before and
after the intervention.
Results: Of the 177 patients who completed the music
protocol, the mean and (standard deviation) STAI-state
anxiety scores were 34 (8) before and 30 (7) after the
intervention. The corresponding scores for the 150 patients

in the midazolam group were 36 (8) before and 34 (7) after
the intervention. The decline in the STAI-state anxiety
score was significantly greater in the music group com-
pared with the midazolam group (Po0.001, 95% confi-
dence interval range � 3.8 to � 1.8).
Conclusion: Relaxing music decreases the level of anxiety in a
pre-operative setting to a greater extent than orally administrated
midazolam. Higher effectiveness and absence of apparent
adverse effects makes pre-operative relaxing music a useful
alternative to midazolam for pre-medication.
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PATIENTS who await surgery usually suffer
from varying degrees of fear and anxiety1,

which the anaesthetic staff attempt to reduce
by providing anxiolytic drugs. Anxiety has been
described as a subjective feeling of tension, appre-
hension, nervousness and worry, and by acti-
vation or arousal of the autonomic nervous
system.2

Benzodiazepines are effective, but many patients
exhibit untoward effects in the form of prolonged
amnesia and even agitation and hyperactivity.3,4

Amnesia can be troublesome because the patient
may not remember the orally given information
before discharge from the hospital.5 Especially
in elective day-surgery and short-stay surgery,
it is important that patients do not experience
the side-effects associated with the administration

of these drugs. In spite of this, in many hospitals –
including ours – oral midazolam has been the
standard pre-medication.

Music therapy is used in various fields in
medicine.6–8 Relaxing music has been studied
in the pre-operative, intra-operative and post-
operative settings9–11 but only one study compared
music with a benzodiazepine (diazepam) in the
pre-operative state.12 The authors of that study
concluded that music was as effective as diazepam.
However, to our knowledge, no study has com-
pared music and midazolam.

Music is most relaxing when it mimics the heart
rate at rest, i.e. has a pace of 60–80/min and
without a high dynamic amplitude.13 Furthermore,
music containing lyrics should probably be
avoided inasmuch as such music may be distract-
ing and activating.14 Consequently, in the present
study, in a randomised-controlled setting we in-
vestigated whether such relaxing music has a
greater anxiolytic effect than a standard dose of
midazolam before surgery.

This paper was presented as an oral presentation at the Swedish
Surgical Week, Umeå, August 2008.
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Methods

Between October 2004 and May 2007, patients older
than 18 years of age who were scheduled for an
elective day or short-stay surgery at Södertälje
Hospital were eligible to participate in the study.
Patients with hearing difficulties or confusion of
language i.e. difficulties in speaking and under-
standing Swedish and patients with malignant dis-
eases were excluded. The music therapist informed
and recruited the patients on the day of surgery and
all patients gave informed consent orally.

The study was approved by the Ethics Commit-
tee of the Karolinska Institutet, Stockholm, Sweden
(DNr 453/03).

The music therapist randomised the patients
through sealed envelopes immediately before the
intervention. After the informed consent she drew
the first envelope in a row of previously randomly
mixed envelopes consisting of an equal number of
both allocations. About 1 hour before the sched-
uled start of the operation, the patient received the
intervention as allocated. Normally, the first sched-
uled case in the morning could not be included due
to shortage of time. In the midazolam group, the
patients received orally our standard pre-medica-
tion, midazolam solution 1 mg/ml. Those who
were younger than 60 years and ASA 1–2 were
given 0.1 mg/kg body weight while those 60 years
and older or ASA 3–4 were given 0.05 mg/kg body
weight. In the music group the patients were
invited to choose one of six different music genres.
The music was compiled on CDs by a professional
music therapist (Table 1). Each CD consisted of
80 min of music. All music was without lyrics and
had a pace of 60–80 beats/min (b.p.m.). The music
was selected to lack a marked variation in dynamic
sound, because variation in amplitude may cause
arousal during listening. The patients listened to
the music on portable CD players with earphones.
The patients adjusted the volume of the music
according to their preferences. Both groups were
lying down in a hospital bed in the pre-operative
area during the intervention. Three to five minutes
before the patients were brought to the operating
room, the study interventions were completed.
The music therapist gave the State Trait Anxiety
Inventory (STAI X-1) form for all patients in both
groups to complete and recorded the blood pres-
sure and heart rate (Riester fully automatic
digital blood pressure monitor, Riester, Germany)
before and after the intervention (the treatment
with music or midazolam).

The STAI-state anxiety scale (state) consists of 20
questions that determine how the respondents ‘feel
right now’. The STAI has been evaluated in previous
studies and is often used to evaluate anxiety in a
clinical setting.15–17 Scores on the state anxiety scale
increase in response to physical danger and psycho-
logical stress and decrease as a result of relaxation
training. The scale has also been used extensively to
assess the level of anxiety induced by stressful
experimental procedures and by unavoidable real-
life stressors such as imminent surgery, dental treat-
ment, job interviews or important school tests, and is
a sensitive indicator of changes in anxiety. The score
may vary from a minimum of 20 to a maximum of
80. The normal score in a population matched to the
study population is 33.2,18

The patients in both groups were given the same
attention and care by the music therapist during
the study period.

Statistics

The main outcome measure was the STAI-state
score. In a normal population, elderly women

Table 1

The music compilations consisted of 10–22 tracks/CD.

CD1
Classical music

Cavallerina Rusticana Mascagni
Air Bach
Adagio Albinoni

CD2
Soft pop/film music

Feelings Romantic guitars
The Mission Film music
Mot skärgården Stefan Nilsson

CD3
Soft jazz

Seven Bridges Tim Timmermanns
Miracles Kenny G
The Winters Tale Nils Landgren

CD4
Music with sounds from nature
From CD ‘Deep Blue’ and ‘Sky’s beyond’

Earthrise
The Garden
So here we are

CD 5
Piano, Harp, Flute, Panflute

Carpe Diem Carpe Diem
Dreaming Ad Dios
The Dove Yasuragi

CD6
Mixed

Smile Palle Mikkelborg
Lake District Björn J-son Lindh
Pie Jesu Andrew Lloyd–Webber

Table 1 shows examples of these tracks.
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have a score that is four points lower than young
women and elderly men have a score that is two
points lower then young men.2,18 Based on this
information, the study group decided that a differ-
ence of three points between the groups would be
of clinical importance. Assuming 80% power and
a5 0.05, we calculated that 176 patients in each
group would be needed. We also estimated that
about 5% would be excluded. Thus, the required
sample size was calculated to be 370 patients.

Results were analysed using a two-way analysis
of variance (ANOVA) with repeated measures
on one factor. The within-subjects variable was
Time (pre vs. post) and the between-subjects vari-
able was Group (music vs. midazolam). When the
Group � Time interaction was significant, simple
main effects tests were examined, i.e. effects of
one factor holding the other factor fixed. Inter-
and intra-group differences with 95% confidence
intervals (CI) were estimated from the ANOVA
model.19 Po0.05 was considered statistically sig-
nificant, and data are given as mean [standard
deviation (SD)].

The data were analysed using Statistica (v 7.1,
StatSoft Inc., Tulsa, OK).

Results

In the study 372 patients were randomised. Thirty-
six patients were excluded (Fig. 1). The reasons for
exclusion were logistic in the majority of cases,
mainly due to a too early call to the operating
room, which had the effect that the time between
the intervention and the evaluation was too short.
Hence, 177 patients in the music group and 159 in
the midazolam group went through the study
protocol; however, nine patients in the midazolam
group were too sedated to be able to complete the
second STAI X-1. There was no difference between
these nine patients and the other 150 regarding the
baseline characteristics.

The groups were comparable regarding baseline
characteristics with no statistically significant
differences. (Table 2). Minor procedures were e.g.
inguinal hernia repair, arthroscopy, varicose vein,
scrotal or vaginal surgery. Medium procedures
were e.g. laparoscopy or ventral hernia repair
while major procedures were e.g. laparotomy
or hip replacement. All patients were operated on
for benign diseases. The majority of the patients
underwent their operation under general anaesthe-

Analysed  (n=177)

Excluded from analysis (n= 0)

Lost to follow-up  (n=0)

Discontinued intervention
    (n= 0)

Allocated to music
(n=190     )

Received music
(n= 177)

Excluded
(n=13)

12 logistic reasons
1 other reason

Lost to follow-up  (n= 0)

Discontinued intervention
     (n= 9)

Too sedated to complete STAI X-1

Allocated to midazolam
(n=182)

Received midazolam
(n=159)

Excluded
(n=23)
19 logistic reasons
4 did not receive

midazolam

Analysed  (n=150)

Excluded from analysis (n= 0)

Allocation

Analysis

Follow-Up

372 patients randomized

Fig. 1. Participant flow.
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sia in the day-case setting and most had previous
experience of surgery (Table 2).

The duration of the intervention was 42 (17) min
in the music group and 51 (22) in the midazolam
group before the second evaluation (P 5 0.46).

In the music group the STAI-state anxiety score
was 34 (8) before and 30 (7) after the intervention
(Po0.001; 95% CI range � 5.2 to � 3.8). The corre-
sponding figures in the midazolam group were 36
(8) before and 34 (7) after the intervention
(Po0.001; 95% CI range � 2.4 to � 1.0). The dif-
ference between the groups in the baseline STAI-
state anxiety score was not significant (P 5 0.06;

95% CI range � 3.5 to 0.06). The decline in the
STAI-state anxiety score was significantly greater in
the music group compared with the midazolam
group (Po0.001; 95% CI range � 3.8 to � 1.8).

Heart rate decreased more in the music group
during the intervention than in the midazolam
group (P 5 0.018; 95% CI � 3.4 to � 0.3). (Table 3).

Systolic blood pressure (P 5 0.005; 95% CI 1.2 to
6.7) and mean arterial pressure (P 5 0.01; 95% CI
0.6 to 4.9) decreased significantly more in the
midazolam group than in the music group (Table
3). However, there was no significant difference
between the two groups in the decrease in diastolic
blood pressure (Table 3).

Discussion

The present study shows that relaxing music re-
duced anxiety to a greater extent than midazolam
before surgery. To our knowledge, this is the first
report showing that a non-pharmacological treat-
ment has a better anxiolytic effect than midazolam.

Music pre-operatively has been compared with
control groups receiving no intervention in several
studies16,20–22 in which music has been superior.
One previous study found a similar anxiolytic
effect of relaxing music and diazepam before sur-
gery,12 but the study had a lower power than ours.
Several authors have reported the effect of relaxing
music pre- and intra-operatively,9 intra-opera-
tively,10,11,23–26 post-operatively27 both intra- and
post-operatively,11 and during endoscopy.28,29

However, different from the present study, none
of these previous reports randomised the patients
between music and a sedative drug.

The decline in the STAI-state anxiety score was
comparable to other authors’ findings in a peri-
operative setting using midazolam17 or music.30

When using music in order to decrease anxiety, it
has been suggested that the best choice is calm

Table 2

Baseline characteristics (SD).

Music (177) Midazolam (159)

Sex
Male 77 61
Female 100 98

Age mean 49 (14) 51 (13)
Type of surgery

Minor 124 111
Medium 50 42
Major 3 6

Anaesthesia
General 134 122
Regional 20 21
Local 23 16

Day surgery
Yes 116 100
No 61 59

Previous surgery
Yes 141 131
No 36 28

b-blocker
Yes 30 28
No 147 131

Blood pressure (mmHg)
Systolic 136 (18) 138 (22)
Mean 110 (14) 111 (17)
Diastolic 83 (13) 85 (17)

Heart rate (beats/min) 70 (11) 69 (10)
STAI 34 (8) 36 (8)

SD, standard deviation; STAI, State Trait Anxiety Inventory.

Table 3

Blood pressure and heart rate pre- and post-intervention.

Mean (SD) Music (177) Midazolam (159) P 95% CI 95% CI

Pre Post Pre Post

Heart rate (beats/min) 70 (11) 67 (11) 69 (10) 68 (10) 0.018 �3.4 �0.3
Blood pressure (mmHg)

Systolic 136 (18) 131 (16) 138 (22) 129 (18) 0.005 1.2 6.7
Mean arterial pressure 110 (14) 106 (13) 111 (17) 105 (14) 0.01 0.6 4.9
Diastolic 83 (13) 81 (12) 85 (17) 81 (14) 0.22 �4.8 �2.2

CI, confidence intervals.
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music with 60–80 b.p.m., i.e. the same pace as the
heart at rest.13 The patient should not be distracted
with words, i.e. no music with lyrics should be
considered.14 The patients’ preferences of music
can also influence the cognitive effect of the
music.31 In a recent study, the anxiolytic effect
of patient-selected music was greater than that
of new-age music.9

In most studies, however, the definition of
what kind of music that was used was either
specified as ‘calm’, ‘relaxing’ or remains un-
clear.9,11,12,16,20,23,25,26,30,32,33 Most authors have cho-
sen the music by themselves before distributing it
to the patients. By involving music expertise in a
study, as in the current study, it is conceivable that
the possibility to choose the appropriate music for
each patient may increase. Previous studies have
not involved a music therapist or a musician in the
study execution but some authors have consulted
musicians.16,28

During the pre-operative period, patients can be
distracted and disturbed by several environmental
factors. These may be of importance in studies fo-
cused on this period if, e.g. not the same care
provider takes care of the patient in both groups.9,16,33

In our study, we minimised this environmental bias
because the same person gave the same care and
information in both groups.

Heart rate and blood pressure were reduced in
both groups after the intervention. Heart rate
decreased significantly in the music group com-
pared with the group given midazolam, but it was
the other way around concerning the arterial pres-
sure. The heart rate finding in the current study is
in agreement with previous studies on the effect of
music during surgery.16,23 The haemodynamic
effect of midazolam has previously been demon-
strated to have a greater influence on the arterial
pressure than on the heart rate, which is consistent
with our findings.34 The difference in the heart rate
and blood pressure between the groups is, how-
ever, not necessarily clinically relevant.

The difference in the side-effects of relaxing music
and midazolam is obvious. Music had no side-effects
in our study but nine patients in the midazolam
group were too sedated to complete the STAI form.
Also, it does not cause any post-operative hangover.

A limitation of the study is that the music had an
effect from the beginning of the intervention while
the onset of the orally administered midazolam was
not immediate. Hence, the duration of the interven-
tion may have influenced the results. Moreover, it
may also be a matter of dosage, but the fact that nine

patients in the midazolam group were too sedated
to complete the study protocol indicates that the
duration and dose were sufficient.

In summary, relaxing music decreases the level of
anxiety in a pre-operative setting to a greater extent
than a normally used dose of orally administrated
midazolam, and it has no side-effects. On the basis
of these findings, we suggest that the use of pre-
operative relaxing music instead of midazolam as
well as the involvement of music expertise in the
care of surgical patients should be encouraged.
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and the staff at Södertälje Hospital for support during the study.

References

1. Mackenzie JW. Daycase anaesthesia and anxiety. A study of
anxiety profiles amongst patients attending a day bed unit.
Anaesthesia 1989; 44: 437–40.

2. Spielberger C, Gorsuch R, Lushene R. State-trait anxiety
inventory manual. Palo Alto, CA: Consulting Psychologists
Press, 1970.

3. Hall RC, Zisook S. Paradoxical reactions to benzodiaze-
pines. Br J Clin Pharmacol 1981; 11 (Suppl. 1): 99S–104S.

4. Weinbroum AA, Szold O, Ogorek D, Flaishon R. The
midazolam-induced paradox phenomenon is reversible
by flumazenil. Epidemiology, patient characteristics and
review of the literature. Eur J Anaesthesiol 2001; 18:
789–97.

5. De Witte JL, Alegret C, Sessler DI, Cammu G. Preoperative
alprazolam reduces anxiety in ambulatory surgery
patients: a comparison with oral midazolam. Anesth Analg
2002; 95: 1601–6.

6. Grasel E, Wiltfang J, Kornhuber J. Non-drug therapies for
dementia: an overview of the current situation with regard
to proof of effectiveness. Dement Geriatr Cogn Disord 2003;
15: 115–25.

7. O’Kelly J. Music therapy in palliative care: current
perspectives. Int J Palliat Nurs 2002; 8: 130–6.

8. Coughlan A. Music therapy in ICU. Nurs Times 1994; 90:
35.

9. Leardi S, Pietroletti R, Angeloni G, Necozione S, Ranalletta
G, Del Gusto B. Randomized clinical trial examining the
effect of music therapy in stress response to day surgery. Br
J Surg 2007; 94: 943–7.

10. Lepage C, Drolet P, Girard M, Grenier Y, DeGagne R. Music
decreases sedative requirements during spinal anesthesia.
Anesth Analg 2001; 93: 912–6.

11. Nilsson U, Rawal N, Unosson M. A comparison of intra-
operative or postoperative exposure to music – a controlled
trial of the effects on postoperative pain. Anaesthesia 2003;
58: 699–703.

12. Berbel P, Moix J, Quintana S. Music versus diazepam to
reduce preoperative anxiety: a randomized controlled clin-
ical trial. Rev esp anestesiol reanim 2007; 54: 355–8.

13. Bonny H. Music and healing. Music Ther 1986; 6: 3–12.

Relaxing music as pre-medication

763



14. Halpern S, Savary L. Sound health: music and sounds that
make us whole. California: Harper and Row, 1985.

15. Burns JL, Labbe E, Arke B, Capeless K, Cooksey B, Stead-
man A, Gonzales C. The effects of different types of music
on perceived and physiological measures of stress. J Music
Ther 2002; 39: 101–16.

16. Yung PM, Chui-Kam S, French P, Chan TM. A controlled
trial of music and pre-operative anxiety in Chinese men
undergoing transurethral resection of the prostate. J Adv
Nurs 2002; 39: 352–9.

17. Frank T, Wehner M, Heinke W, Schmadicke I. Clonidine vs.
Midazolam for premedication – comparison of the anxio-
lytic effect by using the STAI-test. Anasthesiol Intensivmed
Notfallmed Schmerzther 2002; 37: 89–93.

18. Forsberg C, Björvell H. Swedish population norms for
GHRI, HI and STAI-state. Qual Life Res 1993; 2: 349–56.

19. Kirk RE. Experimental design: procedures for the beha-
vioral sciences. USA: Brooks/Cole Publishing Company
Pacific Grove, 1995.

20. Cooke M, Chaboyer W, Schluter P, Hiratos M. The effect of
music on preoperative anxiety in day surgery. J Adv Nurs
2005; 52: 47–55.

21. Hamel WJ. The effects of music intervention on anxiety in
the patient waiting for cardiac catheterization. Intensive
Crit Care Nurs 2001; 17: 279–85.

22. Haun M, Mainous RO, Looney SW. Effect of music on
anxiety of women awaiting breast biopsy. Behav Med 2001;
27: 127–32.

23. Allen K, Golden LH, Izzo JL Jr, Ching MI, Forrest A, Niles
CR, Niswander PR, Barlow JC. Normalization of hyperten-
sive responses during ambulatory surgical stress by perio-
perative music. Psychosom Med 2001; 63: 487–92.

24. Augustin P, Hains AA. Effect of music on ambulatory surgery
patients’ preoperative anxiety. Aorn J 1996; 63: 750–753–758.

25. Koch ME, Kain ZN, Ayoub C, Rosenbaum SH. The sedative
and analgesic sparing effect of music. Anesthesiology 1998;
89: 300–6.

26. Nilsson U, Rawal N, Unestahl LE, Zetterberg C, Unosson
M. Improved recovery after music and therapeutic sugges-
tions during general anaesthesia: a double-blind rando-

mised controlled trial. Acta Anaesthesiol Scand 2001; 45:
812–7.

27. Good M, Stanton-Hicks M, Grass JA, Anderson GC, Lai HL,
Roykulcharoen V, Adler PA. Relaxation and music to
reduce postsurgical pain. J Adv Nurs 2001; 33: 208–15.

28. Ovayolu N, Ucan O, Pehlivan S, Pehlivan Y, Buyukhatipo-
glu H, Savas MC, Gulsen MT. Listening to Turkish classical
music decreases patients’ anxiety, pain, dissatisfaction and
the dose of sedative and analgesic drugs during colono-
scopy: a prospective randomized controlled trial. World J
Gastroenterol 2006; 12: 7532–6.

29. Rudin D, Kiss A, Wetz RV, Sottile VM. Music in the
endoscopy suite: a meta-analysis of randomized controlled
studies. Endoscopy 2007; 39: 507–10.

30. Nilsson U, Rawal N, Enqvist B, Unosson M. Analgesia
following music and therapeutic suggestions in the PACU
in ambulatory surgery; a randomized controlled trial. Acta
Anaesthesiol Scand 2003; 47: 278–83.

31. Caldwell GN, Riby LM. The effects of music exposure and
own genre preference on conscious and unconscious cognitive
processes: a pilot ERP study. Conscious Cogn 2007; 16: 992–6.

32. Daub D, Kirschner-Hermanns R. Reduction of preoperative
anxiety. A study comparing music, Thalamonal and no
premedication. Anaesthesist 1988; 37: 594–7.

33. Wang SM, Kulkarni L, Dolev J, Kain ZN. Music and
preoperative anxiety: a randomized, controlled study. An-
esth Analg 2002; 94: 1489–94.

34. Win NN, Fukayama H, Kohase H, Umino M. The different
effects of intravenous propofol and midazolam sedation on
hemodynamic and heart rate variability. Anesth Analg
2005; 101: 97–102.

Address:
Sven Bringman
Department of Surgery
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