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BACKGROUND: Music reduces stress responses in awake subjects. However, there
remains controversy about the role of music or therapeutic suggestions during
general anesthesia and postoperative recovery. We thus tested the hypothesis that
intraoperative exposure to soothing music reduces the end-tidal concentration of
sevoflurane (ETSevo) necessary to maintain bispectral index (BIS) near 50 during
laparoscopic surgery.
METHODS: Forty patients, aged 40–60 yrs, ASA I and II, undergoing laparoscopic
hernias or cholecystectomy under general anesthesia were studied. All patients
were connected to a BIS monitor. Anesthesia was induced with fentanyl 2 �g/kg,
sevoflurane in oxygen, rocuronium (0.6 mg/kg), and maintained with sevoflurane
in oxygen and 50% nitrous oxide, with an infusion of fentanyl (1 �g � kg�1 � h�1).
Sevoflurane was titrated to maintain BIS near 50 throughout the procedure.
Patients were randomly assigned to either listen to music or not.
RESULTS: The ETSevo necessary to maintain a BIS near 50 was virtually identical in
patients who listened to music (1.29 � 0.33%) and those who did not (1.27 � 0.33%,
P � 0.84). Patients who listened to music reported slightly less pain, but the
difference was not statistically significant. Mean arterial blood pressure was
slightly higher in patients who listened to music (101 � 11 mm Hg) than in those
who did not (94 � 10 mm Hg, P � 0.040).
CONCLUSIONS: The end-tidal concentration of sevoflurane required to maintain BIS
near 50 during laparoscopic cholecystectomy was virtually identical in patients
exposed to music or not. Although previous work suggests that music reduces
preoperative stress and may be useful during sedation, our results do not support
the use of music during surgery.
(Anesth Analg 2008;107:77–80)

Surgery is understandably stressful for most pa-
tients. Strategies to moderate the stress associated
with surgery include preoperative assurance and re-
laxing medications. Auditory input modulates human
stress responses1 and may thus be therapeutic in
various circumstances,2,3 especially by reducing pre-
operative and postoperative anxiety and postopera-
tive pain4–6 Consequently, Koch et al. proposed that
the calming effects of music might ameliorate stress

associated with unfamiliar environments, loss of con-
trol, and fear of disfigurement—all of which are
common concerns in surgical patients.7

Although somewhat controversial,8–10 there is con-
siderable evidence that listening to music improves
physiological and emotional responses of patients
awaiting surgery.11 For example, the calming effect of
music augments the sedative effect of preoperative
midazolam12 and patients listening to music require
less midazolam during spinal anesthesia.13 Addition-
ally, in patients who undergo urologic procedures
with spinal anesthesia, intraoperative music decreases
sedative and analgesic requirements.7

That soothing music might reduce stress and stress-
related affective responses including pain in unanes-
thetized subjects is perhaps unsurprising.14 However,
there is also evidence that listening to music, sounds,
or therapeutic suggestions during general anesthesia
may also improve postoperative recovery and reduce
the need for analgesia.14–18 Other studies, though,
were unable to confirm the benefits of intraoperative
auditory stimuli.8–10,19 Furthermore, Migneault et al.
found that music did not reduce the neuroendocrine
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response to stress or perioperative opioid consump-
tion.9 The potential benefits of providing salutary
auditory stimuli, such as music, during general anes-
thesia thus remain controversial.

Previous studies of intraoperative auditory stimuli
have evaluated postoperative outcomes such as anal-
gesic requirement. But if music, in fact, has the ability
to moderate the stress response to surgery, it would
seem likely to also reduce anesthetic requirements.
The bispectral index (BIS) is widely used to quantify
the hypnotic effects of anesthetics.20 The amount of a
volatile anesthetic required to maintain a given BIS is
thus a measure of anesthetic requirement.21 We there-
fore tested the hypothesis that intraoperative exposure
to soothing music reduces the end-tidal concentration
of sevoflurane (ETSevo) necessary to maintain BIS near
50 during laparoscopic surgery.

METHODS
After Institutional review board approval and ob-

taining patients’ informed consent, 40 patients were
included in this randomized, double-blind, controlled
trial. Patients aged 40–60 yrs, ASA Physical Status I
and II, undergoing laparoscopic hernias or cholecys-
tectomy under general anesthesia were included. Pa-
tients were excluded from participation if they were
scheduled to receive regional or combined regional
and general anesthesia, had partial or complete deaf-
ness, were mentally impaired, used analgesics daily,
or were known alcoholics or users of illicit drugs.

Protocol
Patients were not premedicated, but chronic medi-

cations (e.g., antihypertensives) were given the morn-
ing of surgery. All patients were connected to a BIS
monitor (Aspect Medical Systems, Newton, MA). An-
esthesia was induced by inhalation of sevoflurane in
100% oxygen until the end-tidal concentration reached
�6%. Fentanyl (2 �g/kg) and rocuronium (0.6 mg/kg)
were added, and then the trachea was intubated.
Additional rocuronium was administered as clinically
appropriate at the discretion of the anesthesia pro-
vider. Anesthesia was maintained with sevoflurane in
oxygen and 50% nitrous oxide (N2O), with an infusion
of fentanyl (1 �g � kg�1 � h�1). Sevoflurane was titrated
to maintain BIS near 50 throughout the procedure. The
sevoflurane concentration was adjusted as necessary
to maintain BIS near 50 (45–55). Our general strategy
was to increase the inspired sevoflurane concentration
0.1% for each unit that BIS increased above 50, and to
comparably decrease sevoflurane administration when
BIS was �50.

After tracheal intubation, patients’ lungs were me-
chanically ventilated with a tidal volume of 7 mL/Kg
to maintain an end-tidal carbon dioxide partial pres-
sure between 30 and 35 mm Hg. The peritoneum was
inflated to a pressure of 15 cm H2O. Core temperature,
as measured by a distal esophageal probe, was main-
tained near 36°C with forced-air.

Patients were randomly assigned either to hear
music or not. Patients in both groups thus received
headphones before induction of anesthesia and wore
headphones throughout surgery. Allocation was based on
computer-generated codes that were maintained in
sequentially numbered opaque envelopes until after
induction of anesthesia. Patients assigned to music
were allowed to choose the style, but their choices
were restricted to classical, pop-rock, or Israeli music.
The sound-system volume was adjusted to the com-
fort level of individual patients using a random tape
before induction of anesthesia. Designated sounds
(music or no music) started 5 min after induction of
anesthesia and continued until sevoflurane adminis-
tration was stopped. All operating room personnel,
including the anesthesiologist, were blinded to group
allocation.

Hypertension (systolic blood pressure �190 mm
Hg and/or diastolic blood pressure �110 mm Hg)
with or without tachycardia (heart rate�90) was
treated by increasing the sevoflurane concentration if
the BIS exceeded 50 or boluses of 10 mg of esmolol if
the BIS was �50. Bradycardia �50 bpm with normal
arterial blood pressure was not treated, while brady-
cardia with hypotension was treated with boluses of
ephedrine (5 mg/bolus) and atropine (0.5 mg) if one
dose of ephedrine was ineffective.

Sevoflurane was stopped after skin closure. Pa-
tients’ tracheas were subsequently extubated, and the
patients transferred to the recovery unit.

Postoperatively in the postanesthesia care unit, if
the pain visual analog scale was �3, patients received
boluses of 20 mg IV meperidine every 10 min, up to 1
mg/kg. Opioid analgesia was supplemented by ad-
ministration of 2 g IV dipyrone.

Measurements
Morphometric and demographic characteristics

were recorded, along with the duration of anesthesia.
End-tidal sevoflurane partial pressure required to
maintain BIS near 50 was determined by an AS/3
Anesthesia Monitor (Datex-Engstrom Instrumenta-
rium, Helsinki, Finland). Starting after intubation, BIS
and ETSevo were recorded every 5 min until extuba-
tion. For both the BIS and ETSevo, at each measure-
ment time point, the three consecutive values read on
the screen were recorded and these values were
averaged to give a single value which was recorded
for each.

Heart rate, mean arterial blood pressure, and end-
tidal Pco2 and N2O concentrations were measured at
5-min intervals from intubation until extubation, at
skin incision, and after abdominal inflation. Core
temperature was measured in the distal esophagus.
Arterial blood pressure was measured oscillometri-
cally. Episodes of hypertension and intraoperative
movement were also recorded. Rocuronium and fen-
tanyl doses were recorded, as were the fraction of
patients requiring ephedrine.
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Time to eye opening was considered to be the time
from sevoflurane cessation until patients opened their
eyes in response to command. Patients reported their
pain 15 min after surgery using a visual analog pain
scale (a 10-cm scale where 0 cm � no pain and 10
cm � worst pain imaginable).

Statistical Analysis
A sample-size estimate was performed for an un-

paired, two-tailed t-test, assuming equal variances for
the two groups. Considering a 20% difference in
ETSevo (approximately 0.3%) to be clinically impor-
tant, a sample size of 40 patients (20 patients per
group) provided 80% power assuming a mean ETSevo
of 1.4 with a standard deviation of 0.28 in each group.

Our primary outcome was the ETSevo required to
maintain a BIS near 50. Values were averaged over time
within each patient, excluding the first and last 15 min.
These values were then averaged within each treatment
group. Sevoflurane partial pressures in each group were
compared using two-tailed, unpaired t-tests.

Demographic and morphometric data for the two
groups were compared using unpaired, two-tailed
t-tests for continuous data and �2 for categorical data.
Appropriate nonparametric tests were substituted
when continuous results were not normally distrib-
uted. Data are presented as means � sd for continuous
data and counts for categorical data; P � 0.05 was
considered statistically significant.

RESULTS
Morphometric and demographic characteristics

and potential confounding factors were similar in
patients who listened to music or a tape of operating
room sounds during surgery (Table 1).

The major outcomes of the study are shown in
Table 2. Most importantly, the ETSevo necessary to
maintain BIS near 50 was virtually identical in patients
who listened to music (1.29 � 0.33%) and those who

listened to routine operating room noise (1.27 �
0.33%, P � 0.84). These results provided an 80% power
to detect a difference of 0.3% in ETSevo between the
two study groups.

Patients who listened to music reported slightly less
pain, but the difference was not statistically signifi-
cant. Mean arterial blood pressure was slightly higher
in patients who listened to music (101 � 11 mm Hg)
than in those who did not (94 � 10 mm Hg, P � 0.040).
Postoperative analgesic requirements were similar in
each group.

DISCUSSION
Our results do not confirm our hypothesis that music

decreases the ETSevo necessary to maintain the BIS
value near 50 in patients undergoing laparoscopic sur-
gery. This result conflicts with previous studies showing
that listening to music, sounds, or therapeutic sugges-
tions during general anesthesia improves postoperative
recovery and reduces analgesic requirements 14–18 and is
consistent with others showing no benefit.8–10,19

Explicit memory of auditory stimuli, such as words,
stories, poems, and music, is rare during general
anesthesia22 and probably does not occur at MAC
fractions exceeding 0.6.23,24 Implicit memory testing is
much more complicated, and results vary widely
depending on the test and anesthesia method used.
Some studies show that 0.4–0.45 MAC isoflurane
abolishes both explicit and implicit memory.25 How-
ever, even in the absence of postoperative recall,
processing of auditory stimuli still occurs during
general anesthesia.26 Additionally, brainstem auditory-
evoked response waveforms are relatively resistant to
both IV and inhaled drugs. Even large doses of fentanyl
or isoflurane, for example, do not increase response
latency.27 There is thus considerable potential for audi-
tory stimuli to moderate the neurocognitive responses to
surgery.

Nonetheless, potentially salutary effects of intraop-
erative music seem most likely at relatively light
planes of anesthesia, although two studies report
beneficial effects of intraoperative music on postop-
erative pain at up to one MAC.9,14 As in other studies,9

we avoided deep anesthesia and instead titrated BIS to

Table 1. Demographic and Anesthetic Data

Music,
(n � 20)

No music,
(n � 20) P

Gender (female/male) 10/10 11/9 0.752
ASA physical status

(I/II)
13/7 10/10 0.337

Age (yr) 52 � 16 51 � 19 0.907
Weight (kg) 78 � 23 76 � 18 0.845
End-tidal N2O (%) 50 � 3 50 � 3 0.607
Pco2 (mm Hg) 33 � 2 32 � 3 0.197
Core temp (°C) 36.2 � 0.6 36.4 � 0.4 0.174
Duration of

anesthesia (min)
83 � 37 74 � 28 0.374

Rocuronium (mg) 59 � 20 55 � 16 0.609
Fentanyl (�g) 233 � 67 200 � 78 0.166
Ephedrine (yes/no) 4/16 7/13 0.288
Time to eye openinga

(min)
10 � 4 11 � 6 0.425

Results presented as means � SDS.
a Time from cessation of sevoflurane to eye opening upon command.

Table 2. Major Results

Music,
(n � 20)

No music,
(n � 20) P

BIS 49 � 4 49 � 4 0.838
End-tidal sevoflurane

(%)
1.29 � 0.33 1.27 � 0.33 0.843

Postoperative pain
(VAS cm)

3.3 � 2.7 5.0 � 2.7 0.054

Heart rate (beats/min) 71 � 11 74 � 12 0.471
MAP (mm Hg) 101 � 11 94 � 10 0.040
Results presented as means � SDS.
BIS � bispectral index; ETSevo � end tidal sevoflurane; MAC � minimal alveolar
concentration; VAS � visual analogue scale score (0 cm � no pain, 10 cm � worst
imaginable pain); MAP � mean arterial blood pressure.
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near 50 which corresponded to slightly more than one
MAC, considering the additive effects of sevoflurane
and N2O. But even at this modest anesthetic level, we
were unable to demonstrate that music reduced anes-
thetic requirement. Although it remains possible that
music would be helpful at yet lighter anesthetic levels,
the risk of awareness precludes routine use of lower
concentrations.28

Volume of the music was adjusted preoperatively
to patient comfort. However, we do not know if the
volume was adequate during anesthesia and it thus
remains possible that higher volumes may have been
effective. Instrumental music with slow, flowing
rhythms that duplicate a heart rate of 60–80 bpm is
generally thought to be relaxing.29 Pain reduction
through relaxing music has been demonstrated by
using different musical styles such as soothing music
by synthesizer, harp, piano, or orchestra, slow jazz,30–32

synthesizer music accompanied by sounds of sea
waves,15 and classical music.33 Although we offered
our patients a choice of three different musical styles, it
remains possible—although perhaps unlikely—that dif-
ferent types of music might have proven more effective.
It is also possible that music reduces anesthetic require-
ment only in patients who are especially anxious preop-
eratively. However, we did not administer anxiety tests
to the patients or evaluate stress hormone concentrations
and were thus unable to evaluate this potential con-
founding factor.

In conclusion, the partial pressure of sevoflurane
required to maintain BIS at 50 during laparoscopic
surgery was virtually identical in patients exposed to
intraoperative music or not. Although previous work
suggests that it reduces preoperative stress and may
be useful during sedation, our results do not support
the use of music during surgery.
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decreases sedative requirements during spinal anesthesia.
Anesth Analg 2001;93:912–6

14. Kliempt P, Ruta D, Ogston S, Landeck A, Martay K.
Hemispheric-synchronisation during anaesthesia: a double-
blind randomised trial using audiotapes for intra-operative
nociception control. Anaesthesia 1999;54:769–73

15. Nilsson U, Rawal N, Unestahl LE, Zetterberg C, Unosson M.
Improved recovery after music and therapeutic suggestions
during general anaesthesia: a double-blind randomised con-
trolled trial. Acta Anaesthesiol Scand 2001;45:812–7

16. Evans C, Richardson PH. Improved recovery and reduced
postoperative stay after therapeutic suggestions during general
anesthesia. Lancet 1988;2:491–3

17. Lewis AK, Osborn IP, Roth R. The effect of hemispheric synchro-
nization on intraoperative analgesia. Anesth Analg 2004;98:
533–6

18. Tsuchiya M, Asada A, Ryo K, Noda K, Hashino T, Sato Y, Sato
EF, Inoue M. Relaxing intraoperative natural sound blunts
haemodynamic change at the emergence from propofol general
anaesthesia and increases the acceptability of anaesthesia to the
patient. Acta Anaesthesiol Scand 2003;47:939–43

19. Schwender D, Klasing S, Madler C, Poppel E, Peter K. Depth of
anesthesia. Midlatency auditory evoked potentials and cogni-
tive function during general anesthesia. Int Anesthesiol Clin
1993;31:89–106

20. Sebel PS, Lang E, Rampil IJ, White PF, Cork R, Jopling M, Smith
NT, Glass PS, Manberg P. A multicenter study of bispectral
lectroencephalogram analysis for monitoring anesthetic effect.
Anesth Analg 1997;84:891–899

21. Johansen JW, Sebel PS, Sigl JC. Clinical impact of hypnotic-titration
guidelines based on EEG bispectral index (BIS) monitoring during
routine anesthetic care. J Clin Anesth 2000;12:433–443

22. Ghoneim MM, Block RI. Learning and consciousness during
general anesthesia. Anesthesiology 1992;76:279–305

23. Chortkoff BS, Bennett HL, Eger EI II. Subanesthetic concentra-
tions of isoflurane suppress learning as defined by the category-
example task. Anesthesiology 1993;79:16–22

24. Dwyer R, Bennett HL, Eger EI II, Heilbron D. Effects of
isoflurane and nitrous oxide in subanesthetic concentrations on
memory and esponsiveness in volunteers. Anesthesiology 1992;
77:888–98

25. Ghoneim MM, Block RI. Learning and memory during general
anesthesia. Anesthesiology 1997;87:387–410

26. Newton DE, Thornton C, Konieczko KM, Jordan C, Webster
NR, Luff NP, Frith CD, Dore CJ. Auditory evoked response and
awareness: a study in volunteers at sub-MAC concentrations of
isoflurane. Br J Anaesth 1992;69:122–9

27. McPherson RW. Neurophysiologic brain monitoring: evoked
potentials. In: Cottrell JE, Smith DS, eds. Anesthesia and neu-
rosurgery. 3rd ed. St. Louis: Mosby, 1994:218–19

28. Myles PS, Leslie K, McNeil J, Forbes A, Chan MT. Bispectral
index monitoring to prevent awareness during anaesthesia: the
B-Aware randomised controlled trial. Lancet 2004;363:1757–63

29. White JM. State of the science of music interventions. Critical care and
perioperative practice. Crit Care Nurs Clin N Am 2000;12:219–25

30. Good M, Stanton-Hicks M, Grass JA, Cranston Anderson G, Choi C,
Schoolmeesters LJ, Salman A. Relief of postoperative pain with jaw
relaxation, music and their combination. Pain 1999;81:163–72

31. 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

32. Good M, Anderson GC, Stanton-Hicks M, Grass JA, Makii M.
Relaxation and music reduce pain after gynecologic surgery.
Pain Manag Nurs 2002;3:61–70

33. 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

80 Music Does Not Reduce Sevoflurane Requirements ANESTHESIA & ANALGESIA


