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Background: The objective of this study was to compare hemodynamic and recovery characteristics of total
intravenous anesthesia using propofol target-controlled infusion (TCI) versus sevoflurane for extraction of four
third molar teeth.

Methods: One hundred patients undergoing extraction of four third molar teeth under general anesthesia were
randomized to one of two groups. Group 1 received propofol TCl-oxygen for induction and propofol
TCl-oxygen-air for maintenance. Group 1I received a propofol bolus of 2 mg/kg for induction and
sevoflurane-oxygen-air for maintenance. Heart rate, mean arterial pressure (MAP), operating time, time to
emergence, nausea and vomiting, and sedation and pain scores were measured in each group.

Results: Demographic data, including age, gender, weight, and height, were not significantly different between
the two groups. The MAP was significantly higher after intubation (P = 0.007) and injection of anesthesia
(P = 0.004) in the propofol group than in the sevoflurane group, with significant reflex bradycardia (P = 0.028).
The mean time to emergence from anesthesia using propofol was 25 s shorter than that of sevoflurane (P
= 0.02). Postoperatively, the propofol group was less sedated than the sevoflurane group at 30 min (0.02 versus
0.12), but this difference was not significant (P = 0.065).

Conclusion: Both propofol TCI and sevoflurane are good alternatives for induction and maintenance of anesthesia
for short day-case surgery. However, propofol TCI does not blunt the hemodynamic response to sudden, severe
stimuli as strongly as sevoflurane, and this limitation may be a cause for concern in patients with cardiac
comorbidities.
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INTRODUCTION

The extraction of four third molar teeth under general
anesthesia is one of the most common day-case
procedures performed in operating theatres. Day-case
anesthesia requires smooth induction, intraoperative

hemodynamic stability, rapid recovery of cognitive
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function after the procedure, and minimal postoperative
side effects such as pain, nausea, and vomiting.

The use of sevoflurane is common because of its high
potency, low blood-gas partition coefficient allowing
rapid induction and awakening [1], stable hemodynamic
properties, and relatively low cost. Propofol has been
associated with rapid recovery, low incidence of

postoperative nausea and vomiting [2], and a possible

Corresponding Author: Patrick K Chung, Concord Repatriation General Hospital - Anaesthetia, Hospital Road Concord New South Wales 2139, Australia

T. +61-2-87659475
Copyright© 2018 Journal of Dental Anesthesia and Pain Medicine

http://www.jdapm.org 169


http://crossmark.crossref.org/dialog/?doi=10.17245/jdapm.2018.18.3.169&domain=pdf&date_stamp=2018-6-28

Patrick K Chung and Parmanand Dhanrajani

decrease in postoperative pain [3], which are desirable
in day-case surgery. The development of target-controlled
infusion (TCI) pharmacokinetic models such as those of
Marsh and Schnider [4,5] have allowed easier and more
precise delivery of propofol for maintaining anesthesia
using TCl-programmed pumps [6,7]. Propofol has a direct
arterial vasodilator effect and reduces stroke volume more
strongly than sevoflurane [8]. However, the effects of
propofol on intraoperative hemodynamic stability are yet
unknown [9,10].

In the past, it was difficult to compare these two
different anesthetic techniques because standardizing the
depth of anesthesia was unfeasible [2,9,11-13]. However,
new depth of anesthesia monitors such as bispectral index
monitoring and entropy monitoring developed by
Datex-Ohmeda [14,15] have allowed controlling the
depth of anesthesia in the intraoperative period. In this
study, hemodynamic stability and the postoperative levels
of sedation, nausea and vomiting, and pain were
compared between these two methods using a known

depth of anesthesia.

METHODS

This study was carried out from June 21, 2016, to
January 12, 2018. One hundred consenting patients who
were scheduled for extraction of four third molars at the
Holroyd Private Hospital were randomized to one of two
groups, with 50 patients in each group. Written informed
consent was obtained from all patients. The study was
approved by the Research Ethics Committee of Holroyd
Private Hospital (Approval Number HPH 02082016:4.6).
The only exclusion criterion was allergy to any of the
study medications.

After enrolment, the patients were prospectively and
randomly assigned to one of two study groups by drawing
out sticks from a bag labeled as “sevoflurane” or
“propofol.” The patients were maintained under anesthesia
using either intravenous propofol with target-controlled

infusion (group P) or sevoflurane (group S). The patients

170 J Dent Anesth Pain Med 2018 June; 18(3): 169-175

and recovery nursing staff were blinded to group
assignment.

The patients were not premedicated. In the operating
room, standard monitoring was started, and entropy
monitoring (Entropy EasyFit sensor, GE Healthcare,
Australia) was applied. All patients were induced with
midazolam 1 mg and fentanyl 1 mcg/kg. Dexamethasone
8 mg, parecoxib 40 mg, and ondansetron 4 mg were
administered immediately after injection of local
anesthetic. In group P, anesthesia was induced and
maintained using TCI (Injectomat TIVA Agilia syringe
pump, Fresenius Kabi, Australia) of propofol. In group
S, anesthesia was induced intravenously (IV) using
propofol 2 mg/kg and maintained with sevoflurane.
Sevoflurane was commenced immediately after induction.
Propofol was administered to group P wusing the
pharmacokinetic model of Schnider. Nasal tracheal
intubation was facilitated with atracurium 0.4 mg/kg, and
the lungs were mechanically ventilated with oxygen: air
at a ratio of 1:1 L/min to provide a FiO, of 60%. The
delivery of propofol TCI and sevoflurane was adjusted
to keep state entropy between 40 and 55. The surgeon
infiltrated 30 mL of bupivacaine 0.25% with adrenaline
1:400,000 in bilateral inferior alveolar nerve blocks plus
local infiltration in teeth 18, 28, 38, and 48. At the end
of surgery, neostigmine 2.5 mg with glycopyrrolate 0.4
mg IV was used to reverse neuromuscular blockade.
Patients were extubated after they could breathe spon-
taneously and make purposeful movements.

Non-invasive mean arterial blood pressure (MAP) was
measured intraoperatively every 2 min. Heart rate and
MAP were measured and recorded before operation,
during induction, after intubation, and after injection of
bupivacaine by the surgeon. The minimum and maximum
heart rate and MAP levels were also recorded during
surgery. The time to emergence from anesthesia was
considered the time in which either sevoflurane or
propofol TCI was ceased to the time in which state
entropy was >80 or the patient could make purposeful
movements.

In the post-anesthesia care unit (PACU), postoperative
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Table 1. Demographic data in the two anesthetic groups. The values are means = SD or number of occurrences

PROPOFOL SEVOFLURANE P-VALUE
Number of patients 50 50
Age (yrs) 22 = 54 22 = 57 0.4
Weight (kg) 747 + 17.45 721 + 18 0.233
Height (cm) 173 = 943 172 = 8.94 0.27
Male/female 24/26 27/23
ASA /A 39/11/0 36/11/3
Operating time (min) 19 + 53 19.9 = 555 0.3

Table 2. Recovery parameters in the two anesthetic groups. The values are means = SD or number of occurrences. VAS, visual analog scale.

PROPOFOL SEVOFLURANE P-VALUE
Time to emergence (min:s) 2:31 = 1:.02 2:56 = 0:55 0.02
Nausea 1 2
Vomiting 0 0
Sedation at 0 min: 0/1/2/3 29/16/5/0 24/22/31 0.28
Sedation at 30 min : 0/1/2/3 49/1/0/0 46/2/2/0 0.06
Administered fentanyl (mcg) 5 .60 = 20.02 40 = 196 0.345
VAS pain score at 30 min 6.86 = 15.40 6.5 + 18.0 0.46
VAS pain score at 120 min 210 = 4.91 15 = 34 0.24
Table 3. Heart rate in the two anesthetic groups. Values are means = SD.
PROPOFOL SEVOFLURANE P-VALUE
Before surgery 75.14 = 13.21 73.66 = 14.03 0.296
During induction 78.76 = 16.09 75.02 = 18.20 0.142
After intubation 7466 = 13.75 77.00 + 1541 0.215
After local anesthetic injection 7138 = 14.87 75.90 = 13.81 0.305
Minimum 735 = 128 66 = 11
Maximum 85.6 = 14 78 = 13
Difference between maximum and minimum 121 = 7.39 12 = 84 0.47
Variation from anesthetic induction to intubation -4.10 = 13.81 198 = 17.02 0.028
Variation from injection to induction -1.38 = 14.23 0.88 = 18.76 0.252

pain was treated with fentanyl boluses. In the PACU, the
of
administered fentanyl, and the pain scores using the visual
analog scale (VAS) at 30 min after arrival in the PACU

were recorded. Sedation was measured at 0 and 30 min

amount

incidence of nausea and vomiting,

after arrival in the PACU using a four-point scale (0, fully
awake; 1, awake but still sedated; 2, asleep but wakes
to verbal command; 3, unresponsive). The VAS pain
scores were also recorded in the surgical ward 120 min

after surgery.
1. Statistical analysis

The calculation of sample size was based on previous

studies comparing propofol TCI and sevoflurane anes-
thesia [8,11,16]. Data on patient’s age, weight, height,
operating time, time to emergence, sedation score, amount
of administered fentanyl, VAS pain scores, heart rate, and
MAP were analyzed using Student’s t-test. Box-and-

whisker plots were derived from the above variables.

RESULTS

There was no significant difference in age, weight,
height, and operating time between the two groups. The

number of male patients in the sevoflurane and propofol
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Fig. 1. Box-and-whisker plot comparing the heart rates between the two anesthetic groups
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Fig. 2. Box-and-whisker plot comparing the heart rates from anesthetic induction to intubation and from anesthetic injection to induction.

group was 27 and 24, respectively (Table 1).

There was no significant intergroup difference in
nausea and vomiting, and sedation and postoperative pain
scores. The mean time to emergence from anesthesia
using propofol was significantly shorter by 25 s compared
with that of sevoflurane (P = 0.02) (Table 2).

The heart rate was significantly decreased post-
intubation in the propofol group compared with the
sevoflurane group (P = 0.028). In the propofol group, the
heart rate was decreased from induction to intubation

(mean = —4.100) and from injection to induction (mean
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= -1.380) (Table 3, Fig 1, and 2).

The MAP was significantly higher in the propofol
group before operation, during induction, after intubation,
and after injection of local anesthesia compared with the
sevoflurane group. The MAP in the sevoflurane group
was lower after injection than during induction (mean =
—0.240 mmHg). The variation in the MPA from induction
to intubation (P = 0.007) and from injection to induction
(P = 0.004) was significantly higher in the propofol group
than in the sevoflurane group. There was no significant

intergroup difference between the maximum and
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Table 4. Mean arterial blood pressure in the two anesthetic groups. The values are means = SD.

PROPOFOL SEVOFLURANE P-VALUE
Before surgery 9436 = 11.17 90.16 =+ 8.99 0.022
During induction 94.28 += 10.85 90.46 = 8.12 0.026
After intubation 108.90 + 17.99 9740 + 15.39 <0.0001
After local anesthetic injection 102.06 += 15.25 90.22 = 13.10 <0.0001
Minimum 85.1 = 115 73 + 8.1
Maximum 104 = 156 89 + 13
Difference between maximum and minimum 19 + 16.4 + 8.57 0.10
Variation from induction to intubation 1462 = 14.91 6.94 + 15.74 0.007
Variation from injection to induction 7.78 = 13.71 -0.24 = 15.09 0.004
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Fig. 3. Box-and-whisker plot comparing the mean arterial pressure between the two anesthetic groups

minimum MAP intraoperatively (P = 0.100) (Table 4).

DISCUSSION

This study investigated the intraoperative hemo-
dynamic responses and recovery profile of patients who
underwent extraction of four third molar teeth and
compared maintenance anesthesia using either propofol
TCI or sevoflurane. All other aspects of anesthesia
regarding the usual routine of the anesthetist and the
operating surgeon remained unchanged between the two
groups. In addition, the exclusion criteria were minimal
to make the study as close as possible to real-life
situations.

The results of the MAP during anesthesia are

conflicting, and a few studies reported that patients on

propofol TCI presented a lower MAP than patients on
sevoflurane [8,16] whereas another study indicated that
the rate of hypotension in the sevoflurane group was
higher than that in the propofol TCI group [9]. In our
study, the MAP was comparatively higher in the propofol
group before operation, during induction, after intubation,
and after the injection of local anesthetic (Fig. 3). The
variation in the MAP from induction to intubation (P =
0.007) and from injection to induction (P = 0.004) was
significantly higher in the propofol group than in the
sevoflurane group (Fig. 4). Propofol TCI does not blunt
the hemodynamic response to painful stimuli as strongly
as sevoflurane at the same depth of anesthesia. This result
was also evidenced by the presence of reflex bradycardia
after intubation and injection of local anesthetic in the
propofol group. In this respect, sevoflurane may attenuate

arterial baroreceptors [10].
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Fig. 4. Box-and-whisker plot comparing the mean arterial pressure from induction to intubation and from injection to induction.

As reported in previous studies, the time to emergence
was comparatively shorter in the propofol TCI group

[12,16], but this difference was less than 30 s, which is
not clinically significant. Other studies reported that
emergence from anesthesia was faster in patients
receiving sevoflurane; however, the lack of monitoring
of the depth of anesthesia limits the interpretation of the
results [1]. Moreover, a difference in postoperative pain
between the two groups was not expected considering the
analgesic adjuvants used, particularly local anesthetic
block and infiltration.

It is known that the rate of vomiting during tooth
extraction is high. Both dexamethasone and ondansetron
are given routinely in our practice to prevent this
postoperative complication because these drugs target
different pathways. The fact that only one patient in the
propofol group and two patients in the sevoflurane group
experienced nausea suggests that this protocol was
effective. Furthermore, none of the evaluated patients had
vomiting. Therefore, a larger cohort of patients and the
omission of other anti-emetics would be required to detect
significant differences in postoperative nausea and
vomiting between these two forms of anesthesia, which
is beyond the scope of this study.

Previous studies found that both propofol [12] and
sevoflurane [1] significantly decreased recovery time in

some cases; however, surgical time was longer and the
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depth of anesthesia was not standardized in these cases
[12]. Our results indicated that there was no significant
difference in the recovery time between the two groups,
and most patients had a sedation score of zero at 30 min
after arrival in the PACU (Table 2).

Previously, the higher cost of propofol compared to
sevoflurane had discouraged the use of propofol infusions
[11,13]. However, the cost of a bottle of 50 mL of generic
propofol 500 mg at our institution was AUD 0.33,
whereas a bottle of 250 mL of sevoflurane was AUD
98, indicating that propofol infusions, even with extra
apparatus, including minimum extension tubing and
larger syringes, are cheaper than sevoflurane.

In conclusion, for short day-case anesthesia, propofol
TCI is cheaper and has a recovery profile similar to that
of sevoflurane. However, propofol TCI does not blunt the
hemodynamic response to stimuli as strongly as sevo-
flurane. Notwithstanding, the use of either induction
technique is appropriate and depends on patient comor-
bidities, anesthetist preference, and degree of familiarity

with the technique.
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