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Background: Target-controlled infusion (TCI) systems have been developed from manually controlled infusion systems and 
have rapidly increased in popularity, especially in laparoscopic surgery. Propofol is claimed to decrease nausea and 
vomiting.
Objective: To compare anesthetic techniques, propofol-TCI, desflurane, and sevoflurane, for better results in terms of 
postoperative nausea and vomiting (PONV) and extubation times.
Material and Method: The present study was prospective with informed consent from 75 patients, ASA 1-3 scheduled for 
laparoscopic cholecystectomy, and classified by anesthetic technique into three groups. The patients were induced by propofol 
target plasma concentration 6 μg/ml in Group P, or 1-2 mg/kg in Group S and Group D, fentanyl 2 μg/kg and vecuronium 
0.1 mg/kg followed by propofol 2 to 5 μg/ml in group P, sevoflurane 0.5 to 3% in Group S, and desflurane 2 to 6% in          
Group D.
Results: The incidence of postoperative nausea and vomiting was least in Group P, both at the PACU (p<0.001) and ward 
(p = 0.01). Extubation time excluding outlier were Group P 11.171.19 minutes, Group D 13.961.17 minutes, Group S 
11.751.34 minutes (p = 0.25). There were no statistical differences in the amount of fentanyl (p = 0.38) and fluid replacements 
(p = 0.05).
Conclusion: Laparoscopic cholecystectomy under propofol with TCI is one option of anesthetic technique with a significantly 
lower incidence of PONV compared with both sevoflurane and desflurane otherwise there is no statistical difference in the 
extubation time. Propofol-TCI technique is suggested for laparoscopic and ambulatory surgery.
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 Total Intravenous Anesthesia (TIVA) 
technique consists of two techniques, Target-Controlled 
Infusion (TCI) systems and Manually Controlled 
Infusion (MCI) system. TCI systems have been 
developed from MCI system and have rapidly 
increased in popularity, especially in laparoscopic 
surgery. We usually use propofol combined with 
opioids in the TIVA technique with recommended 
dose(1,2). The amount of propofol in TCI system is used 
more than MCI system but the patients have no the 
awareness(3). TCI system monitors blood concentrations 
so the patients have optimized anesthetic depth.
 Propofol is claimed to effect on 5-HT3 receptor 
antagonist to decrease nausea and vomiting(4). Volatile 

agents produce pollution, precipitate malignant 
hyperthermia, and the incidence of postoperative 
nausea and vomiting (PONV)(5). Therefore, propofol-
TCI has benefits in the patients with a history of PONV 
and history or family history of malignant hyperthermia 
who come for general anesthesia. There are some 
studies compared the benefits of TIVA/TCI technique 
rather than volatile technique(6-17) but not the model we 
studied. The aim of the present study was to compare 
anesthetic techniques for better results in terms of 
PONV and extubation times.

Material and Method
 After approval by the Songklanagarind 
Hospital’s Ethics Committee, the 75 patients with ASA 
classification 1-3, age 18 to 70 years old, scheduled 
for elective laparoscopic cholecystectomy gave 
informed consent to participate in the present study. 
The patient anonymity was preserved. We registered 
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the protocol in ClinicalTrials.gov before the first patient 
was recruited. The patients who had a history of 
dizziness, took an antiemetic drug 24 hours before 
surgery, had chronic obstructive pulmonary disease 
(COPD), required rapid sequence induction or had an 
allergy to propofol, fentanyl, or vecuronium were 
excluded. All patients were premedicated with 
diazepam 5 to 10 mg orally, one hour before induction. 
Pre-oxygenation with 100% 5 L/minute and preload 
crystalloid 7 ml/kg were given before induction as well.
 Seventy-five patients were randomized into 
three groups by computer with 25 patients in each. 
Group P (TCI) was administered propofol by TCI 
system (Injectomat TIVA, Agilia, Fresenius Kabi) 
induced by plasma concentration 6 μg/ml, fentanyl            
2 μg/kg, and vecuronium 0.1 mg/kg before endotracheal 
intubation. Maintenance of anesthesia, adjusted by 
propofol’s plasma concentration 2 to 5 μg/ml. Propofol 
infusion was discontinued during wound closure. 
Group D (Desflurane) and Group S (Sevoflurane) were 
induced by propofol 1 to 2 mg/kg, fentanyl 2 μg/kg 
and vecuronium 0.1 mg/kg, N2O 66%, and O2 33% 
total flow 1 to 2 L/minute were administered for                 
the maintenance of anesthesia in both groups, 
desflurane 2 to 6% and sevoflurane 0.5 to 3%. Volatile 
agent delivery was stopped during wound suture. 
Electrocardiogram, arterial blood pressure, mean 
arterial blood pressure, and heart rate were recorded 
before and after induction, before and after incision, 
and before and after extubation. If the patients had a 
systolic blood pressure less than 90 mmHg or less than 
30% of the normal range, ephedrine 6 mg or levophed 
10 mg was administered intravenously. If the heart rate 
was lower than 45 beat/minute and the patient had 
hypotension, atropine 0.6 mg was administered. Drug 
doses including propofol, fentanyl, vecuronium, fluid 
replacement, ephedrine, and atropine were recorded. 
Extubation times, the time from TCI or when volatile 
agents were stopped until extubation were recorded.

 After surgery, all patients were transferred to 
the postanesthesia care unit (PACU). Aldrete score 
were recorded. The patients were discharged if they 
had an Aldrete score ≥8. Nausea and vomiting were 
graded by 0 to 3, 0 is nil episodes of nausea and 
vomiting, 1 is mild nausea only, 2 is nausea or        
vomiting requiring only initial treatment, 3 is nausea 
or vomiting requiring repeated treatment. Ondansetron 
or metroclopramide was administered for nausea and 
vomiting at PACU and the ward and total amounts of 
drug doses were recorded.

Sample size calculation
 The sample sizes were based on previous 
studies of Stosic et al(13), propofol-TCI with laparoscopic 
cholecystectomy with type I error of 0.05 and a          
power of 80%. The sample sizes were calculated to        
be 22 patients each group were for PONV and              
seven patients each group for extubation time. We       
used 22 patients/group combined with a 10% drop out 
for detecting the difference.

Statistical analysis
 The data was analyzed by Program R version 
2.11.0. Each variable was analyzed by ANOVA test. 
Chi-square and Fisher’s exact test were used to analyze 
for category variables. Wilcoxon Rank sum test and 
student t-test were used for continuous variables. Age 
and fluid were analyzed by multivariate analysis.

Results
 There were no differences of patient 
characteristics among the groups regarding sex                       
(p = 0.55) and ASA classification (p = 0.63), BMI           
(p = 0.15), and surgery time (p = 0.20). The patients 
in Group P were older than Group D and Group S by 
chance (p = 0.02) (Table 1). There were no statistical 
differences in the amount of fentanyl (p = 0.38), 
vecuronium (0.05), and fluid replacements (0.05) 

Table 1. Patient characteristics

Group P Group D Group S p-value
Sex (male/female) 7/18 11/24 9/16 0.55
ASA classification (I/II/III) 6/15/14 2/23/0 3/21/1 0.06
BMI (kg/m2)  24.883.10   23.204.52  25.204.40 0.15
Age (years)  56.088.93   47.6415.73    43.0410.38 0.01
Time of surgery (minutes)  104.9043.64   91.1236.85  120.6040.45 0.20

ASA = American Society of Anesthesiologist; BMI = body mass index
Data as number or mean  SD
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among three groups (Table 2). Fluid replacement in 
each group was showed in Table 1.
 The incidence of postoperative nausea and 
vomiting was least in Group P both at PACU and ward 
(p<0.001 and 0.01, respectively). The patients in Group 
D required antiemetic drugs less than the patients in 
Group S at PACU. The patients in Group S required 
antiemetic drugs less than the patients in Group D at 
ward. Both showed no significant statistical differences 
(Table 3).
 The times (mean  sem) from the end of the 
administration of anesthetics to tracheal extubation 
was longest in Group P 17.0411.97 minutes, followed 
by Group D 13.5213.07 minutes and Group S 
13.049.6 minutes respectively (p = 0.21). Extubation 
time excluding outlier were Group P 11.171.19 
minutes, Group D 13.961.17 minutes, Group S 
11.751.34 minutes (p = 0.25) showed in Fig. 1.
 Vital signs including systolic blood pressure, 
diastolic blood pressure, mean arterial pressure and 
heart rate were recorded before/after the intubation, 

Table 2. Drug doses in each group

Group P Group D Group S p-value
Propofol (mg)    933.84295.81 127.2025.74    161.88104.76 N/A
Fentanyl (mcg)  130.8047.71 116.8032.04  120.2129.98 0.38
Vecuronium (mg)    7.521.53     6.401.71    7.461.98 0.05
Fluid replacement (ml) 1,280.00705.80 932.00445.30 1,054.00261.80 0.05

N/A = not available 
Data as mean  SD

Table 3. Incidence of postoperative nausea and vomiting

Desflurane Propofol Sevoflurane p-value
PACU
 Grade

 
0
1
2

 
23 (92.0)
1 (4.0)
1 (4.0)

 
23 (92.0)
  1 (4.0)
  1 (4.0)

 
11 (44.0)
  5 (20.0)
  9 (36.0)

 
<0.001

 Ondansetron (mg) 0
4
8

23 (92.0)
2 (8.0)
0 (0.0)

23 (92.0)
  1 (4.0)
  1 (4.0)

15 (60.0)
  7 (28.0)
  3 (12.0)

  0.01

Ward
 Grade

 
0
1
2

 
17 (68.0)
  6 (24.0)
2 (8.0)

 
25 (100.0)
  0 (0.0)
  0 (0.0)

 
23 (92.0)
1 (4.0)
1 (4.0)

 
  0.01

 Ondansetron (mg) 0
4
8

22 (88.0)
1 (4.0)
2 (8.0)

25 (100.0)
  0 (0.0)
  0 (0.0)

24 (96.0)
0 (0.0)
1 (4.0)

  0.32

PACU = post Anesthetic Care Unit
Data as number (%)

Fig. 1 Extubation time classified by anesthetic agent.
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setting in TCI easier if the patients had BIS monitoring 
to detect the depth of anesthesia.
 In conclusion, laparoscopic cholecystectomy 
under propofol with TCI is one choice of anesthesia 
with significantly lower incidence of PONV compared 
with volatile agents both sevoflurane and desflurane, 
otherwise no statistical differences in extubation times. 
Propofol-TCI technique is suggested for laparoscopic 
and ambulatory surgery.

What is already known on this topic?
 Laparoscopic cholecystectomy is worldwide 
and standard surgery for the cholecystitis. The 
anesthesiologists always perform the anesthetic 
technique using volatile agents that are well known for 
their side effects, which are nausea and vomiting. In 
addition, the carbon dioxide, which is used in the 
laparoscopic surgery, also has the effect on nausea/
vomiting. The anti-nausea/vomiting drug may not 
adequate to relieve the symptoms, lead to longer 
hospital stay of these patients.

What this study adds?
 Nowadays, ambulatory surgery is more 
popular for laparoscopic cholecytectomy. The present 
study was to examine the using target-controlled 
infusion of propofol and examine the incidence of 
nausea/vomiting, and if this anesthetic technique was 
the same standard as the volatile technique or better. 
The result was the incidence of nausea/vomiting 
decreased, while the anesthetic time was the same. The 
shorten hospital stay of these patients may save the 
costs of treatment.
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การดมสลบแบบใหยา propofol แบบหยดทางหลอดเลอืดโดยเครือ่งควบคมุเปรยีบเทยีบกบัแบบดมสลบไอระเหย
ในผูปวยที่มาผาตัดถุงนํ้าดีแบบสองกลอง

สุมิตรา ประเทพ, ศศิธร มหัทธโนบล, วิรัตน วศินวงศ

ภูมิหลัง: การใหยาแบบหยอดทางหลอดเลือดโดยเคร่ืองควบคุม (target-controlled infusion, TCI) มีพัฒนาการมาจากการให
ยาแบบหยอดทางหลอดเลอืดแบบควบคมุเอง มคีวามนยิมเพิม่มากขึน้ในปจจบุนันี้โดยเฉพาะการผาตดัแบบสองกลอง เมือ่เลอืกใช
ยา propofol โดยใชเครื่องควบคุมสามารถลดอุบัติการณคลื่นไสอาเจียนได
วัตถุประสงค: เพ่ือเปรียบเทียบวิธีการดมยาสลบระหวางการผาตัดถุงน้ําดีโดยการสองกลองโดยการใหยา propofol แบบหยอด
ทางหลอดเลือดโดยเครื่องควบคุม เปรียบเทียบกับการใหยา propofol แบบหยอดทางหลอดเลือดแบบควบคุมเองและการดมยา
แบบแกสดมสลบ สามารถลดอาการคลื่นไสอาเจียนและลดระยะเวลาการถอดทอหายใจหลังผาตัด
วัสดุและวิธีการ: การศึกษานี้เปนการศึกษาเชิงทดลองแบบสุมและมีกลุมควบคุม ไดผานการพิจารณาจริยธรรมของคณะกรรมการ
วจิยัและจรยิธรรมวจิยั และผูปวยไดลงลายมือชือ่ยินยอมเขารวมการศกึษา โดยศกึษาในผูปวยทีม่าผาตัดถุงน้ําดีแบบสองกลองแบบ
ไมฉุกเฉินดวยวิธีระงับความรูสึกแบบทั้งตัวจํานวน 75 ราย American Society of Anesthesiologists (ASA) physical status 
1 ถึง 3 แบงกลุมผูปวยออกเปน 3 กลุม ผูปวยไดรับยา propofol ที่ความเขมขนในเลือด 6 ไมโครกรัม/มิลลิลิตร ในกลุม P หรือ 
1-2 มิลลิกรัม/กิโลกรัม ในกลุม S และ กลุม D ยา fentanyl 2 ไมโครกรัม/กิโลกรัม และยา vecuronium 0.1 มิลลิกรัม/กิโลกรัม 
ตามดวยยา propofol 2-5 ไมโครกรัม/มลิลลิิตร ในกลุม P, sevoflurane 0.5-3% ในกลุม S และ desflurane 2-6% ในกลุม D
ผลการศึกษา: อุบัติการณการเกิดอาการคลื่นไสอาเจียนนอยท่ีสุดในกลุม P ทั้งท่ีหองพักฟน (p<0.01) และหอผูปวย (p = 0.01) 
เวลาการถอดทอหายใจในกลุม P 11.17±1.19 นาที กลุม D 13.96±1.17 นาที และกลุม S 11.75±1.34 นาที (p = 0.25) ปริมาณ
ยา fentanyl และสารนํ้าไมมีความแตกตางกันอยางมีนัยสําคัญทางสถิติ p = 0.38 และ 0.05 ตามลําดับ
สรุป: วธิกีารดมยาสลบโดยใหยา propofol แบบหยอดทางหลอดเลือดโดยเครือ่งควบคุมเปนตวัเลอืกหนึง่ในการดมยาสลบในผูปวย
ทีม่ารับการผาตดัถงุนํา้ดดีวยการสองกลอง เนือ่งดวยอบุตักิารณคลืน่ไสอาเจียนตํา่และเวลาการถอดทอหายใจ ไมแตกตางจากการใช
ยาดมสลบไอระเหย seveoflurane หรือ desflurane เหมาะสําหรับผูปวยท่ีมาผาตัดถุงน้ําดีดวยการสองกลองแบบผูปวยนอก


