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ABSTRACT

Background: Anesthesiologists frequently confront hypotension during the induction of anesthesia,
which can lead to various complications such as cardiac or cerebral ischemia. In this study, we investi-
gated the hemodynamic effects of sevoflurane and desflurane during the induction of anesthesia.

Methods: Anesthesia was induced with 1.5 mg/kg propofol and 2 pg/kg fentanyl, and rocuronium
0.9 mg/kg was administered as a muscle relaxant. A total of 150 adult patients were assigned to three
groups (S group: inhalation anesthesia was induced with 2% sevoflurane, D1 group: with 6% desflurane,
D2 group: with 9% desflurane). Hemodynamics changes before and after (i.e., 2.5 minutes after) induction
of anesthesia were compared between the three groups.

Results: The rate of change (Post-anesthesia/Pre-anesthesia) in SBP was significantly higher in the
D2 group compared to the S group (P<0.001), but not compared to the D1 group (P=0.051). Rate of changes
of MBP, DBP, and heart rate were significantly higher in the D2 group compared to the S and D1 groups
(P<0.001).

Conclusion: Our results suggest that inhalation of 9% desflurane prevents hypotension relative to
sevoflurane or 6% desflurane during the induction of anesthesia. However, tachycardia is a consid-
eration when using high-dose desflurane.
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INTRODUCTION

Hemodynamic changes during the induction of
anesthesia can result in vascular dilation or sympathetic
nerve suppression [1]. The two goals during anesthesia
induction are to maintain a sufficient depth of anes-
thesia and to prevent hemodynamic collapse [2]. Ex-
cessively deep anesthesia can cause severe hypoten-
sion, which is associated with organ ischemia. Car-
diac or cerebral ischemia, for example, can lead to
severe outcomes. Conversely, an insufficient depth
of anesthesia can result in patient movement, awak-
ening, and bucking, as well as tachycardia, which is
associated with right and left heart strain [3].

Inhalational anesthetics are chemical compounds
that possess general anesthetic properties and can be
delivered via inhalation. Agents of significant clinical
interest include volatile anesthetic agents such as isof-
lurane, sevoflurane, and desflurane, as well as certain
anesthetic gases such as nitrous oxide [4]. Sevoflurane
and desflurane are the most commonly used inhala-
tional anesthetics for inducing and maintaining general
anesthesia [5,6]. However, hemodynamics changes
that occur during their use have not been fully evalu-
ated.

We hypothesized that sevoflurane and desflurane
would minimize hemodynamics changes during the
induction of anesthesia and different desflurane con-
centration would affect the vital sign changes. To this
end, we conducted a prospective randomized con-
trolled study to compare hemodynamic changes that
occur during the induction of anesthesia with sevoflu-
rane and desflurane.

METHODS
The research ethics committee of Takatsuki Red
Cross Hospital approved this study (NO.25-15, ap-

proved on December 9, 2013, Chief Wataru Chiba).
From December 2013 to April 2014, 194 patients aged

Table 1 Patient characteristics.

20 to 80 years who were scheduled to undergo gen-
eral anesthesia in the supine position were assessed
for eligibility to participate. Thirty eight patients were
excluded and six patients refused to participate. After
obtaining oral informed consent, 150 patients were
assigned randomly using an envelope method to the
2% sevoflurane group (S group; 50 patients), 6% des-
flurane group (D1 group; 50 patients), and 9% desflu-
rane group (D2 group; 50 patients) (Figure 1). Doses
of these anesthetics were determined by 1.0 (2% sevof-
lurane, 6% desflurane) or 1.5 (9% desflurane) mini-
mum alveolar concentrations for adults, which are
indicators of anesthesia depth. Exclusion criteria in-
cluded patients with arrhythmia, hypotension with a
systolic blood pressure under 80 mmHg, emergency
operations, and relatively high risk patients (American
Society of Anesthesiologists Classification 3 or 4).

Blood pressure, heart rate, electrocardiography,
percutaneous oxygen saturation, and end-tidal carbon
dioxide tension were routinely monitored [7]. Without
any premedication, anesthesia was induced with 1.5
mg/kg propofol, 2.0 ug/kg fentanyl, and 0.9 mg/kg
rocuronium. After loss of consciousness, mask venti-
lation was performed according to group assignment.

Hemodynamics changes or arrhythmia occurrence
were monitored. Blood pressure (systolic blood pres-
sure, SBP; diastolic blood pressure, DBP; mean blood
pressure, MBP) and heart rate were monitored both
pre- and post-anesthesia induction. Post-anesthesia
vital sigh measurements were made 2.5 minutes (mea-
sured by timer) after induction of anesthesia. Rate of
change in vital signs were calculated from Post-anes-
thesia/Pre-anesthesia.

Statistical analyses were performed with JMP® 11
(SAS Institute Inc., Cary, NC, USA) [8]. The Turkey-
Kramer test was used to analyze SBP, DBP, MBP, and
heart rate. Data are presented as mean=SD or me-
dian£IQR, unless otherwise indicated. P<0.05 was
considered statistically significant.

S (n=50) D1 (n=50) D2 (n=50)
Height (cm) 160.2+10.2 159.6+6.9 162.2£8.7
Weight (kg) 59.2+11 57.5+£9.8 61.4+13.1
Age (year) 60.2+16.7 60.6+15.9 59.6+15.2
Male/Female 24/26 21/29 30/20
Antihypertensive medication 13 14 15
ASA 1/2 33/17 32/18 32/18

Data are presented as mean=SD or number of patients.

ASA: American Society of Anesthesiologists, S group: inhalation anesthesia was induced with 1.5% sevoflurane, D1 group:
inhalation anesthesia was induced with 6% desflurane, D2 group: inhalation anesthesia was induced with 9% desflurane.
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Figure 2 Box-and-whisker plot (median, IQR, and range) of sealing pressure after successful insertion among

the three groups. S group: inhalation anesthesia was induced with 2% sevoflurane, D1 group: inhalation
anesthesia was induced with 6% desflurane, D2 group: inhalation anesthesia was induced with
9% desflurane. X is outlier in the box-and-whisker plot.

RESULTS

Patient characteristics are summarized in Table
1. No case was abandoned or lost to follow-up during
this trial (Figure 1).

Blood pressure and heart rate changes before and

after inhalation

Changes in blood pressure and heart rate before
and after induction of anesthesia among the three

groups are shown in Figure 2. SBP, DBP, and heart
rate significantly decreased post-induction in all groups
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Figure 3 Box-and-whisker plot (median, IQR, and range) of rate of change in vital signs (Post-anesthesia/Pre-
aneshtesia) among the three groups. S group: inhalation anesthesia was induced with 2% sevoflurane,
D1 group: inhalation anesthesia was induced with 6% desflurane, D2 group: inhalation anesthesia
was induced with 9% desflurane. X is outlier in the box-and-whisker plot.

(P<0.001). Heart rate also significantly decreased in
S and D1 groups (P<0.001), but not in the D2 group
(P=0.35).

Rates of change in vital signs (Post-anesthesia/
Pre-anesthesia) among the three groups are shown
in Figure 3. The rate of change in SBP was significantly
higher in the D2 group compared to the S group (P<
0.001), but not compared to the D1 group (P=0.051).
The rate of changes in MBP, DBP, and heart rate were
significantly higher in the D2 group compared to S
and D1 groups (P<0.001). MBP, DBP, and heart rate
did not significantly differ between S and D1 groups.

Incidence of arrhythmia during induction of anesthesia

None of the patients in the three groups exhibited
arrhythmias such as premature ventricular contraction
or atrial fibrillation during the 2.5-minute observational
period after induction of anesthesia.

DISCUSSION

Sevoflurane (1,1,1,3,3,3-hexafluoro-2-(fluoromethoxy)
propane, also known as fluoromethyl hexafluoroiso-

propyl ether), is a sweet-smelling, nonflammable, highly
fluorinated methyl isopropyl ether used as an inhala-
tional anesthetic for the induction and maintenance
of general anesthesia [9]. The name sevoflurane derives
from the seven fluorine atoms in its substituents, along-
side a standard suffix for such agents. This anesthetic
is also known for its bronchial dilation effects and
preconditioning effects [10,11], suggesting its efficacy
in cardiac and lung protection [12-14]. It is one of the
most commonly used volatile anesthetic agents, par-
ticularly for outpatient anesthesia. It is also commonly
used for inducing anesthesia in children and infants,
as well as in the veterinary medicine setting. In Japan,
sevoflurane has replaced isoflurane and halothane.
Although sevoflurane exerts various organ protective
effects [15], its major drawback relates to hypotension,
which may be caused by sympathetic nerve down-
regulation or peripheral vascular dilation.
Desflurane (1,2,2,2-tetrafluoroethyl difluoromethyl
ether) is a highly fluorinated methyl ethyl ether used
to maintain general anesthesia [16]. Like halothane,
enflurane, isoflurane, and sevoflurane, it exists as a
racemic mixture of (R) and (S) optical isomers (enanti-
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omers). Together with sevoflurane, it is gradually re-
placing classic inhalational anesthetics for human use.
It has the most rapid onset and offset among volatile
anesthetic drugs used for general anesthesia due to
its low solubility in blood [17]. Some of its drawbacks
include low potency, pungency, and high cost. It may
also cause airway irritability when administered at
higher concentrations. This has led to its infrequent
use for inducing anesthesia via inhalation techniques.
Desflurane administration has also been reported to
occasionally trigger tachycardia, which can lead to
cardiac ischemia [18].

In this study, we demonstrated that rate of change
in the blood pressure was significantly higher in the
D2 group compared to the S group. Furthermore, the
rate of change in MBP, DBP and HR was significantly
higher in D2 group than in D1 group. Thus, higher
desflurane concentrations may alleviate the cardio-
vascular suppression during induction of anesthesia.
Interestingly, blood pressure and heart rate were par-
adoxically maintained in the D2 group, while depth
of anesthesia was considered deeper in the D2 group
than in D1 group. One possible reason is that serum
noradrenaline and vasopressin increase in response
to elevation in desflurane concentration [18]. It is also
notable that no arrhythmia was observed in the D1
or D2 group. These results suggest that desflurane may
help prevent circulatory collapse during the induction
of anesthesia.

Our study has several limitations. First, we did not
measure the depth of anesthesia by brain waves. Such
data could clarify the circulatory and anesthetic effects
of sevoflurane and desflurane. Second, we measured
changes in blood pressure with a non-invasive cuff
method. An arterial line may provide a more accurate
picture of vital sign changes. Third, this study was
conducted at a single institute. A large-scale multi-
center study or meta-analysis will be needed to confirm
the utility of desflurane during the induction of an-
esthesia. Moreover, the evaluation of serum catechola-
mines during inhalation of desflurane would help clarify
the role of desflurane’s effect on circulation.

In conclusion, we found that induction of anes-
thesia with 9% desflurane prevents hypotension rela-
tive to induction with sevoflurane or 6% desflurane.
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