
Introduction

Droperidol (DHB) is a dopamine D2 receptor antagonist and 
a commonly used tranquilizer and sedative. Many physicians, 
including anesthesiologists, administer DHB to prevent postop-
erative nausea and vomiting (PONV) and to treat delirium or 
aggression in the intensive care unit. 

DHB can prolong the QTc interval [1]; thus, the US Food 
and Drug Administration black box warning [2] discourages 
the use of DHB by anesthesiologists, even in Japan. However, 
some reports indicate that low-dose DHB does not increase the 
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risk of polymorphic ventricular tachycardia or death in surgical 
patients [3]. Furthermore, one study suggested that even 5HT3 
antagonists, which are commonly used as anti-emetics, prolong 
the QTc interval [4]. 

DHB reduces the dose of propofol needed to achieve hyp-
nosis when inducing anesthesia [5-7], and it decreases the 
bispectral index (BIS) in propofol-sedated patients during spinal 
anesthesia [8]. We reported previously that administering sup-
plemental DHB reduced the BIS during general anesthesia with 
sevoflurane and remifentanil [9] and hypothesized that DHB 
could reduce the desflurane (DES) concentration needed for an 
adequate anesthesia depth using the BIS.

In the current study, we investigated the sparing effect of 
DHB on the consumption of DES in a clinical setting.

Materials and Methods

Patients

This study was a prospective, randomized double-blinded tri-
al conducted from March to September 2014 at Medical Hospi-
tal of Tokyo Medical and Dental University (Bunkyo-ku, Tokyo, 
Japan). Ethical approval for this study (Ethical Committee No. 
1741) was provided by the Ethical Committee of Tokyo Medical 
and Dental University, Tokyo, Japan. After obtaining approval 
from the Institutional Review Board, we recruited 42 women 
(age, 38–77 years) with an American Society of Anesthesiolo-
gist physical status of I or II who underwent a mastectomy or 
quadrantectomy. Each participant gave written informed con-
sent. The exclusion criteria included abuse of alcohol or drugs, 
psychiatric disease, and hypersensitivity to DHB or DES. Pa-
tients were allocated randomly to the DHB or saline group. The 
study drugs were drawn into identical 2 ml syringes, labelled 
“anti-emetic” (DHB was diluted to 2 ml in normal saline) by a 
nurse who was not part of the study, and handed to the anesthe-
siologist. The patient and investigators were blinded to the study 
medication.

Procedure

General anesthesia was induced with 1.5 mg/kg of propofol, 
0.6 mg/kg of rocuronium, and 0.2 μg/kg/min of remifentanil. All 
patients were intubated and placed on mandatory ventilation. 
The patients were infused continuously with 7 μg/kg/min of ro-
curonium and 0.2 μg/kg/min of remifentanil during surgery. The 
total gas flow was 2 L/min with 40% oxygen as the carrier gas. 
A blinded anesthesiologist maintained a BIS value of 50 during 
anesthesia by modulating the inhaled DES concentration, which 
changed 0.5% at 2.5 min intervals, and by referring to the vital 
signs.

Either DHB (20 μg/kg) or a saline placebo was administered 
to the patients 30 min after the induction of anesthesia. The BIS 
value was maintained at 50 by a blinded anesthesiologist after 
administering either DHB or saline. All anesthetics were discon-
tinued at the end of surgery. The endotracheal tube was removed 
after confirming complete recovery of consciousness, adequate 
spontaneous ventilation, and a sufficient reflex against suction-
ing stimuli. The DES volume was calculated as follows:

Volume of DES consumed (ml) = 2.9 (constant number at 
20oC) × inhaled concentration of DES (%) × fresh gas (L/min) × 
inahation time (min).

The constant number at 20oC was derived from the equation:
Volume of DES consumed (ml) = 168.04 (molecular weight) 

× fresh gas (L/min) × 60 (min) × percentage (%)/100/24.04 
(B)/1.465 (specific gravity) = 2.86 × inhaled DES concentration 
(%) × fresh gas (L/min) × inahation time (min).

 The total gas flow was 2 L/min with 40% continuous oxy-
gen as the carrier gas. After surgery, the mean inhaled volume 
of DES was calculated every 15 min to maintain a BIS value of 
50 by modulating the DES concentrations inhaled during 0.5% 
changes at 2.5 min intervals by referring to an anesthesia chart. 
The total DES used during anesthesia was summarized for all 
patients. The cost of the inhaled DES (1 ml DES = 44.9 Japanese 
yen) was calculated. After the price of DHB was added (1 vial 
= 112 Japanese yen), we compared the cost of DES between the 
two groups. 

The primary endpoint was the saving effect of DHB on DES 
consumption. The secondary endpoints included heart rate, 
blood pressure, time from the end of surgery to extubation, 
and discharge time between the groups. The frequency of and 
required treatment for PONV were evaluated from the medical 
records on postoperative day 1.

Sample size

A pilot trial to determine the effect of DHB on the BIS value 
showed significant differences [9]. After the dose responsiveness 
analysis, we hypothesized that administering DHB reduced the 
DES concentration required by at least 25% from baseline. Thus, 
the assumed maximal difference in mean concentration was ap-
proximately 1% (4% in the control group and 3% in the DHB 
group), and the standard deviation was 0.5% in each group. A 
minimum of 36 patients was estimated to be needed to demon-
strate a clinically significant difference after supplemental DHB 
administration with α = 0.05 and power = 0.8. We recruited 45 
patients with a 20% expected dropout rate. The calculation was 
performed using PASS 2008 (Number Cruncher Statistical Sys-
tems, Kaysville, UT, USA). 



Online access in http://ekja.org

KOREAN J ANESTHESIOL  Satomoto et al.

29

Statistical analysis

The Aspin-Welch unequal variance test was used to compare 
mean values between the DHB and placebo groups. A P value 
< 0.05 was considered significant. All calculations were per-
formed using NCSS 2000 software (Number Cruncher Statistical 
Systems).

Results

Seven patients were excluded from the investigation (two for 
long surgery due to reconstructive procedures, one for epilepsy 
and mental retardation, and four for inaccurate BIS values due 

to electromyography without rocuronium throughout surgery) 
(Fig. 1). Thus, data from 35 patients were analyzed. The patients’ 
demographic characteristics, duration of surgery and anesthesia, 
and blood circulatory parameters before DHB administration 
did not differ between the groups (Table 1).

Heart rate and blood pressure remained unchanged in each 
group before and after DHB administration, and did not differ 
between the two groups. The group that received supplemental 
DHB required a significantly lower concentration of inhaled DES 
to maintain a BIS of 50 than did the placebo group (Fig. 2). The 
mean volumes of DES consumed were 27.2 ± 6.0 ml in the DHB 
group and 41.3 ± 9.5 ml in the control group (P < 0.05; Fig. 3). 

Enrollment

Control Droperidol

Assessed for eligibility (n = 42)

Randomized (n = 40)

Excluded (n = 2)
Not meeting inclusion criteria, long
surgery due to reconstructive
procedure

Allocated to intervention (n = 20)
Received allocated intervention (n = 18)
Did not receive allocated intervention
(Innacurate BIS due to electromyography)
(n = 2)

Analysed (n = 18)Analysed (n = 17)

Allocated to intervention (n = 20)
Received allocated intervention (n = 17)
Did not receive allocated intervention
Epilepsy and mental reterdation (n = 1)
Innacurate BIS due to electromyography
(n = 2)

Allocation

Analysis

Fig. 1. Flow chart showing the progress 
of participants through the study.

Table 1. Demographic Data of the Study Groups

Control Droperidol

N 17 18
Age (yr) 58 ± 14 64 ± 11
Height (cm) 155 ± 6 154 ± 5
Weight (kg) 53 ± 10 57 ± 7
ASA
    I (%) 10 (59) 5 (44)
    II (%) 7 (31) 13 (56)
Surgical time (min) 97 ± 22 89 ± 20
Anesthesia time (min) 142 ± 42 131 ± 22
Time to extubation from the end of surgery (min) 8.0 ± 2.2 6.7 ± 1.8
Time to discharge from the end of surgery (min) 11.6 ± 2.8 10.5 ± 2.3

The data are presented as mean ± SD. ASA: American Society of 
Anesthesiologists physical status. 
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The mean cost of DES was $10.90 ($7.20–16.50 + one vial of 
DHB = 123 Japanese yen for each patient, $1 = 124.6 Japanese 
yen) in the DHB group and $14.90 ($8.80–21.20, $1 = 124.6 
Japanese yen) in the control group. 

The durations from the end of surgery to extubation and dis-
charge did not differ between the groups (Fig. 4). Fewer patients 
suffered from PONV in the DHB group (four cases of nausea 
and one of vomiting) than in the placebo group (eleven cases of 
nausea and three of vomiting), but the difference was not signifi-
cant.

Discussion

Intraoperative administration of DHB reduced the DES con-
centration required to maintain a BIS value of 50 without any 
apparent changes in cardiovascular parameters. Recovery from 
general anesthesia was not affected by DHB. Anesthesiologists 

perpetually explore the appropriate depth of anesthesia for each 
patient during surgery, which is evaluated by the BIS value, heart 
rate, and blood pressure. Deep general anesthesia measured us-
ing the BIS value has been associated with increased mortality in 
observational studies [10-14]. Maintaining an adequate depth of 
anesthesia is important for anesthesiologists.

DES was commercialized only 4 years ago in Japan, which 
is 21 years after sevoflurane became commercially available. 
The current prices of both agents per unit volume are similar; 
however, the minimum alveolar concentration (MAC) of DES is 
approximately three times higher than that of sevoflurane. Thus, 
the actual cost of using DES as an anesthetic is about three times 
higher than that of using sevoflurane. The purchase price of a 
25 mg vial of DHB is about $0.98. If supplemental use of DHB 
augments the anesthetic potency of DES without adverse effects, 
including recovery time, the consumption and cost of DES can 
be reduced safely.

Appropriate drug combinations are beneficial in anesthesia. 
General anesthetics commonly induce circulatory depression, 
and inducing anesthesia with a high concentration can cause 
severe adverse effects [15]. Higuchi et al. [16] reported that 
premedication with clonidine decreased the required dose of 
propofol to induce anesthesia. Wajima et al. [17] demonstrated 
that oral premedication with tizanidine reduced the MAC of 
sevoflurane by 18% in human adults, whereas gabapentin failed 
to modify the MAC of isoflurane in cats [18]. DHB reduced the 
dose of propofol required to induce anesthesia [5], and sevoflu-
rane decreased the BIS value during general anesthesia [9].

In this study, we administered small doses of DHB as prophy-
laxis for PONV [19]. Female sex is a risk factor for PONV [20]. 
Relatively few patients in the current study failed to demonstrate 
a significant anti-emetic effect of supplemental DHB, although 
DHB was advantageous for maintaining the depth of general 
anesthesia. We occasionally experienced a patient with a sudden 
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Fig. 4. Box plot showing the time to extubation and discharge after surgery. Data were expressed as median, minimum, first interquartile, third 
interquartile and maxium values. The groups did not differ significantly.
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decrease in the BIS value immediately after administering DHB. 
Although dexamethasone is a well-known and appropriate drug 
to prevent PONV [21], it can impair glucose tolerance [22]. 

The risk of intraoperative awareness should be addressed. 
The BIS value is a popular monitoring tool to measure the depth 
of anesthesia, and BIS-guided anesthesia has significantly re-
duced the incidence of intraoperative recall in surgical patients 
at high risk for awareness [23]. Russell [24] reported that the BIS 
value is poorly correlated with intraoperative responsiveness. 
However, no solution has been reported to prevent intraopera-
tive awareness, but none of the patients reported intraoperative 
awareness during this study.

Our study had several potential limitations. First, all partici-
pants were women, and the results could vary by sex, consider-
ing that PONV is more frequent in female patients. Second, the 
patients’ age range was rather wide, which could increase the 

standard deviations in the data. Third, we used a single DHB 
dose by body weight and therefore did not evaluate the effects by 
dose, for which further investigation is required. Finally, this was 
a single-institution study, which may have affected the results.

In summary, a 20 µg/kg dose of DHB significantly reduced 
the DES concentration needed to maintain a constant BIS value. 
Our results suggest that DHB supplementation can be used to 
safely curtail the cost of general anesthesia. 
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