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Summary
People can hear and pay attention to familiar terms such as their own name better than general terms, referred to as

the cocktail party effect. We performed a prospective, randomised, double-blind trial to investigate whether calling

the patient’s name compared with a general term facilitated a patient’s response and recovery from general anaesthe-

sia. We enrolled women having breast cancer surgery with general anaesthesia using propofol and remifentanil.

Patients were randomly allocated into two groups depending on whether the patient’s name or a general term was

called, followed by the verbal command – ‘open your eyes!’ – during emergence from anaesthesia; this pre-recorded

sentence was played to the patient using headphones. Fifty patients were allocated to the name group and 51 to the

control group. Our primary outcome was the time from discontinuation of anaesthesia until eye opening. The mean

(SD) time was 337 (154) s in the name group and 404 (170) s in the control group (p = 0.041). The time to i-gel�

removal was 385 (152) vs. 454 (173) s (p = 0.036), the time until achieving a bispectral index of 60 was 174 (133)

vs. 205 (160) s (p = 0.3), and the length of stay in the postanaesthesia care unit was 43.8 (3.4) vs. 47.3 (7.1) min

(p = 0.005), respectively. In conclusion, using the patient’s name may be an easy and effective method to facilitate

recovery from general anaesthesia.
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Introduction
People are able to selectively hear a familiar word

among various concurrent sounds; for example, a par-

tygoer can detect his or her name being called from

another conversation group even during a noisy party,

which is referred to as the cocktail party effect [1, 2].

Although its precise neuronal mechanisms are unclear,

this specialised listening ability may be based on

human speech production, the auditory system and

high-level perceptual processing of language [3].

Hearing one’s own name attracts one’s attention more

strongly than hearing unfamiliar or general terms, so

calling a patient’s name followed by the verbal com-

mand – for example, ‘John! open your eyes!’ – is a

common approach to wake someone who is asleep,

sedated or unconscious.

Similarly, it is also common that anaesthetists

repeatedly provide auditory or tactile stimuli to the

patient during emergence from general anaesthesia,

because these stimuli can facilitate return of
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consciousness compared with keeping the patient free

from any stimulation [4]. However, it is unknown

whether auditory stimulation with a familiar word,

such as the patient’s own name, might expedite emer-

gence from anaesthesia compared to a general term.

We therefore performed this study to investigate

whether calling the patient’s own name, followed by a

verbal command, could facilitate a patient’s response

and recovery from general anaesthesia compared to a

general appellation.

Methods
This prospective, double-blind, single-centre, parallel-

group, randomised trial was approved by the Insti-

tutional Review Board of Seoul National University

Hospital, and was performed between June 2014 and

November 2015. After obtaining written informed con-

sent, we enrolled female patients who were ASA physical

status 1–2 and 20 and 70 years old, undergoing elective

breast cancer surgery under general anaesthesia. We did

not include patients who did not speak Korean, or those

with hearing problems, neurological, cardiovascular,

hepatic or renal dysfunction, body mass index

> 30 kg.m2, a history of alcohol or drug dependence, or

medication affecting the central nervous system.

Patients were randomly assigned in a 1:1 ratio using a

computer-generated random sequence and the sealed

envelope method by a clinician not involved in the trial.

Patients were blind to their group assignment.

An investigator (J-HS), who was not involved in

data collection, recorded an imperative sentence con-

taining either the patient’s own name or a general term

according to the group assignment, using a normal voice

tone. For example, a patient called Seo-Yeon Kim (given

name/family name) would hear either ‘Seo-Yeon Kim,

open your eyes!’ or ‘Patient, open your eyes’. The mes-

sage was recorded in a silent room, using a portable

recording device (ICD-PX333; Sony, Tokyo, Japan).

An investigator (HP), unaware of the group assign-

ment, performed anaesthetic induction and mainte-

nance according to a predetermined protocol. Patients

were not pre-medicated. They were monitored with

non-invasive blood pressure, pulse oximetry and electro-

cardiography. Two electrodes of an acceleromyograph

(TOF-watch SX; MSD, Haarlem, Netherlands) and a

bispectral index (BISTM) sensor (A-2000 XP; Aspect

Medical Systems, Newton, MA, USA) were attached

over the patient’s ulnar nerve and forehead, respectively.

Forced-air warming was applied to the upper and lower

body. For anaesthetic induction, propofol and remifen-

tanil were administered intravenously by target-con-

trolled infusion (Base Primea; Fresenius Vial, Br�ezins

France) based on the Schnider et al. [5] and Minto et al.

[6] pharmacokinetic models, respectively. The effect-site

concentrations were targeted to 4 lg.ml�1 for propofol

and 4 ng.ml�1 for remifentanil. After administration of

0.6 mg.kg�1 rocuronium, neuromuscular blockade was

monitored with the train-of-four response of the adduc-

tor pollicis muscle by stimulating the ulnar nerve at

2 Hz for 2 s. At a train-of-four count 0 and BIS value

< 60, a supraglottic airway (i-gel�; Intersurgical Ltd,

Wokingham, UK) was inserted using either a standard

or rotational technique [7]. The i-gel size was deter-

mined based on the patient’s body weight: size 3 for

patients ≤ 50 kg and size 4 if > 50 kg. After insertion of

the i-gel, correct placement was checked by manually

ventilating the lungs and observing chest movement, a

square-wave capnogram, and no audible leak at a peak

airway pressure ≥ 10 cmH2O [7, 8].

A disposable thermometer was inserted into the

nasopharynx to monitor core temperature. Mechanical

ventilation of the lungs (Primus; Dr€ager, L€ubeck,

Germany) was performed using a tidal volume

5–6 ml.kg�1 of predicted body weight and a positive

end-expiratory pressure 3–6 cmH2O. The inspired

oxygen fraction was set to 0.4–0.5% using a fresh gas

flow of 2 l.min�1 oxygen plus air. The respiratory rate

was controlled to obtain an end-tidal carbon dioxide

partial pressure of 5.3–6.7 kPa. During surgery, the

effect-site concentrations of propofol and remifentanil

were adjusted to maintain the BIS value < 60, and the

mean blood pressure and heart rate within 20% of

baseline values. No further doses of rocuronium were

administered.

An investigator (YSJ) blinded to the group assign-

ment was responsible for the patient’s emergence from

anaesthesia. At the end of surgery, administration of

propofol and remifentanil were stopped and their esti-

mated effect-site and plasma concentrations were

recorded. At a train-of-four ratio > 90%, 300 lg.kg�1

pyridostigmine and 10 lg.kg�1 glycopyrrolate were

administered to reverse residual neuromuscular
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blockade. The mechanical ventilation mode was chan-

ged from continuous mandatory ventilation to syn-

chronised intermittent mandatory ventilation, with an

inspiratory triggering flow of 3 l.min�1. A noise-can-

celling headphone (MDR-ZX110NC; Sony) was placed

over both the patient’s ears and connected to the voice

recording device; the pre-recorded message was played

and repeated at 10 s intervals, with the volume set to a

normal speech level.

When the BIS value was > 60 and the patient

opened her eyes and breathed spontaneously, the

mechanical ventilation was stopped and breathing was

intermittently assisted with manual ventilation. When

the patient maintained eye opening and adequate

spontaneous breathing, the i-gel and headphone were

removed, and she was transferred to the postanaesthe-

sia care unit (PACU; recovery ward).

The post-anaesthetic management was conducted

by anaesthetists and nurses not involved in the study.

Whole-body forced-air warming was applied. Intra-

venous fentanyl 25 lg was given when the patient’s

numeric rating score of pain (0 – no pain; 10 – worst

pain imaginable) was assessed as > 4. Ramosetron

0.3 mg was administered intravenously if the patient

was nauseous or vomited. The patient was assessed

with the modified Aldrete score [9], assigning a score

of 0, 1 or 2 to 5 variables including activity, respira-

tion, circulation, consciousness and colour. When a

score of > 8 was reached, the patient was discharged

from the PACU. Before discharge, an investigator (S-

HM) unaware of the group assignment asked the

patient whether she remembered having heard the sen-

tence ‘open your eyes’ in the operating room.

The primary outcome of the study was the time to

first eye opening; the secondary outcomes were the

times to taken to reach a BIS value of 60 and to

remove the i-gel after discontinuation of anaesthesia.

Mean blood pressure and heart rate were recorded at

four time-points during the emergence period: discon-

tinuation of anaesthesia; BIS of 60; first eye opening;

and removal of the i-gel. We also recorded the use of

analgesic or antiemetic drugs in the PACU, length of

PACU stay, and number of patients who remembered

having heard ‘open your eyes’ in the operating room.

A previous study reported that mean (SD) time to

eye opening was 7.4 (3.8) min after discontinuation of

propofol and remifentanil infusions [10]. For a clinically

significant 30% reduction in the time to eye opening, 47

patients were needed in each group for a power of 0.8

and a risk of type 1 error of 0.05. Mean blood pressure

and heart rate during the emergence period were com-

pared using repeated-measures ANOVA or the Fried-

man test, followed by post-hoc analyses using two-sided

independent t-tests or Mann–Whitney U-tests with

Bonferroni correction if any significant differences were

found. Categorical variables were compared using Fish-

er’s exact test. All statistical analyses were conducted in

an intention-to-treat manner. SPSS software (IBM,

Armonk, NY, USA) was used for the analysis. A

p < 0.05 was considered statistically significant.

Results
After screening 120 female patients, 101 eligible

patients were included, 50 in the name group and 51

in the control group (Fig. 1). There were no significant

differences in patient characteristics, anaesthetic doses

or surgery between groups (Table 1).

The time to eye opening and removal of the i-gel

after discontinuation of anaesthesia was significantly

shorter in the name group than in the control group;

mean (SD) 337 (154) vs. 404 (170) s, mean (95% CI)

difference �67 (�130 to �4) s (p = 0.041) for eye

opening; 385 (152) vs. 454 (173) s, difference �69

(�132 to �6) s (p = 0.036) for i-gel removal. The

time taken to reach a BIS value of 60 did not differ,

174 (133) vs. 205 (160) s, difference �31 (�88 to

26) s (p = 0.3), respectively. Five patients in the name

group and four in the control group opened their eyes

at a BIS value < 60. During the emergence period,

mean blood pressure was comparable (Fig. 2a), but

heart rate was significantly higher in the name group

than in the control group at BIS of 60, eye opening,

and i-gel removal (Fig. 2b). The length of PACU stay

was significantly shorter in the name group than in

the control group (Table 2).

Discussion
Return of consciousness from general anaesthesia is

achieved when the effect-site concentration of the anaes-

thetic agent decreases below its therapeutic range [11,

12]. During this process, providing additional stimula-

tion can facilitate return of consciousness [4], so
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anaesthetists routinely call the patient loudly or use

physical stimulation during emergence from anaesthe-

sia. Although many trials have studied pharmacological

or non-pharmacological methods to expedite recovery

from general anaesthesia [13–16], the effects of auditory

stimulation, the most common intervention used at

emergence, has not yet been studied. Our study showed

that repeatedly calling the patient’s own name, followed

by the verbal command (‘open your eyes!’), elicited eye

opening more rapidly than using a general term. It is

likely that patients are alerted to their own name better

than a general term during a light anaesthetic state, sim-

ilar to the effect demonstrable while awake, and there-

fore respond faster to the subsequent command.

Eye opening is commonly used to assess a

patient’s responsiveness and return of consciousness

during emergence from general anaesthesia [12, 17,

18]. However, although patients first open their eyes

when responding to a verbal command, they may be

in a transitional state between consciousness and

unconsciousness rather than in a fully awake state [4,

19, 20], so they commonly become unresponsive and

unconscious again after first opening their eyes. There-

fore, anaesthetists provide various verbal commands to

patients – ‘take a deep breath’ or ‘squeeze my hand’ as

well as ‘open your eyes’ – not only to check their

response, but also to prevent them from losing con-

sciousness again, thereby determining when it is safe

to remove any airway device used during anaesthesia.

In order to allow blinding of the investigator in our

study, we did not speak directly to the patient, but

instead used a pre-recorded sentence (‘open your

eyes’), even after the patients had already opened their

eyes. Nevertheless, the i-gel was removed significantly

faster in the name group than in the control group.

We suggest that, in clinical practice, calling the

patient’s name followed by a relevant verbal command

should help to regain and maintain consciousness after

general anaesthesia.

An intervention to facilitate emergence from general

anaesthesia may affect subsequent recovery [21]. In our

study, discharge from the PACU was significantly faster

in the name group than in the control group. We specu-

late that patients in the name group might have been

more conscious than those in the control group at

admission to the PACU, so reducing the time to reach a

modified Aldrete score ≥ 9; however, further studies are

needed to verify this issue.

An increase in blood pressure and heart rate is a

typical sign of emergence from general anaesthesia [4,

22]. In our study, heart rate was significantly higher in

the name group than in the control group during the

emergence period, which may indirectly indicate the

effects of calling the patient’s name on facilitating

emergence from anaesthesia.

The BIS monitor, which processes the electro-

encephalographic signal during general anaesthesia, is

widely used to assess level of consciousness [23, 24]. It

Figure 1 CONSORT diagram.
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is recommended that the BIS value should be main-

tained < 60 to prevent unintended intra-operative

awareness [23, 24], but a BIS < 60 does not always

guarantee unconsciousness [25]. In our study, nine

patients opened their eyes in response to the verbal

command at BIS < 60. The time taken to reach a BIS

of 60 from discontinuation of anaesthesia was similar

between groups. Therefore, in order to examine the

specific electrophysiological responses to calling the

patient’s name during emergence from general

anaesthesia, more sensitive tools, such as the event-

related potential [26–28] or functional magnetic reso-

nance imaging [29, 30], might be required.

Memory formation after general anaesthesia is

known to occur when the patient becomes completely

alert, but not immediately after return of consciousness

[31, 32]. In our study, only 20% of patients

Table 1 Baseline characteristics of patients hearing
either their own names or a general term during emer-
gence from anaesthesia. All patients were women.
Values are mean (SD) or number (proportion).

Name
group
n = 50

Control
group
n = 51

Age; years 50.3 (8.6) 50.1 (8.5)
Weight; kg 57.9 (8.0) 59.0 (8.3)
Height; cm 158.3 (4.7) 158.3 (4.7)
Body mass index; kg.m�2 23.1 (3.0) 23.6 (3.2)
ASA physical status 1 32 (64%) 35 (69%)
Medical conditions
Hypertension 10 (20%) 9 (18%)
Diabetes mellitus 6 (12%) 2 (4%)
Asthma 0 (0%) 1 (2%)

Size 3 i-gel 30 (60%) 34 (67%)
Anaesthetic drug doses
Propofol; mg 634.6 (209.0) 675.3 (181.5)
Remifentanil; lg 473.0 (188.9) 479.5 (165.5)
Rocuronium; mg 39.8 (7.9) 40.0 (8.0)

Type of surgery
Mastectomy 10 (20%) 10 (20%)
Quadrantectomy 28 (56%) 31 (61%)

Lumpectomy 12 (24%) 10 (20%)
Side of surgery; left 41 (82%) 40 (78%)
Duration of surgery; min 59.4 (21.2) 62.7 (20.0)
Duration of
anaesthesia; min

85.5 (25.2) 90.5 (21.9)

At discontinuation of anaesthesia
Predicted effect-site
concentration of
propofol; lg.ml�1

1.7 (0.3) 1.7 (0.4)

Predicted plasma
concentration of
propofol; lg.ml�1

1.6 (0.3) 1.6 (0.4)

Predicted effect-site
concentration of
remifentanil; ng.ml�1

1.4 (0.3) 1.4 (0.4)

Predicted plasma
concentration of
remifentanil; ng.ml�1

1.3 (0.3) 1.4 (0.4)

Bispectral index 47.1 (5.8) 47.1 (5.8)
Body temperature; °C 36.0 (0.4) 35.9 (0.5)

Figure 2 Mean blood pressure (a) and heart rate (b)
of patients hearing their own names (●) or a general
term (○) during emergence from anaesthesia. Bars are
SD. BIS, bispectral index. *p = 0.004, †p = 0.011.
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remembered having heard the verbal command during

the emergence period, which was comparable between

groups. Although calling the patient’s name facilitated

return of consciousness, it did not make the patient

awake enough to allow reliable memory formation.

Our study has several limitations. It examined only

the clinical but not the electrophysiological findings pro-

duced by calling the patient’s name. However, responses

to hearing one’s own name have been studied in subjects

during sleep [27], and in those in a minimally conscious

[28] or vegetative state [28, 30], using electro-

encephalography or brain imaging; we might expect

similar findings in lightly anaesthetised patients. In

addition, our study included only women undergoing

general anaesthesia with propofol and remifentanil.

Because recovery profiles differ between women and

men [33, 34] and also between intravenous and inhala-

tional anaesthetic agents [35, 36], our findings should be

carefully interpreted in various clinical settings.

Nevertheless, using the patient’s own name is a sim-

ple manoeuvre without any disadvantages. Therefore,

we recommend calling the patient’s own name, rather

than a general appellation, followed by any verbal com-

mands to facilitate recovery from general anaesthesia.
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