
PPuurrppoossee::  To establish the appropriate inhalation induction tech-
nique using a high concentration of sevoflurane in the elderly.
MMeetthhooddss::  Forty-five patients, aged 70–79-yr-old, were randomly
divided into three groups: 1) Group I: anesthesia was induced with
propofol 2 mg·kg–1 and sevoflurane 2% (n = 15); 2) Group II:
anesthesia was induced with a three- minute inhalation of sevoflu-
rane 8%; 3) Group III: anesthesia was induced with inhalation of
sevoflurane using a gradual reduction technique (8, 6, 4% for each
minute). In Groups II and III, a modified vital capacity inhalation
induction was performed. Mean arterial pressure (MAP), heart rate
(HR) and oxygen saturation (SpO2) were measured continuously
during induction. In addition, induction time and adverse events
related to anesthetic induction were recorded. 
RReessuullttss::  The induction time in Group I was significantly shorter
than that in Groups II and III (P < 0.05). However, there was no
difference in the induction time between Groups II and III. In
Groups II and III, the majority of patients required additional
breaths. In comparison with the other groups, stability of MAP was
maintained in Group III. The variations of HR in all groups were
small. During induction, no patient experienced a decrease in SpO2
below 96%, except for two patients in Group I. Severe respirato-
ry adverse events were not observed. Other adverse events were
similar in all groups. 
CCoonncclluussiioonnss::  Our results suggest that a high concentration
sevoflurane induction using a gradual reduction technique may be
an acceptable alternative to standard iv induction in elderly patients.

Objectif : Réaliser la technique appropriée d’induction par inhalation
en utilisant une forte concentration de sévoflurane chez des patients
âgés.

Méthode : Quarante-cinq patients de 70–79 ans, ont été répartis de
façon aléatoire en trois groupes : 1) groupe I : anesthésie induite avec
2 mg·kg–1 de propofol et du sévoflurane à 2 % (n = 15) ; 2) groupe II :
anesthésie induite avec l’inhalation de sévoflurane à 8 % pendant 3
min ; 3) groupe III : anesthésie induite avec l’inhalation de sévoflurane
selon la technique de réduction graduelle de la concentration (8, 6, 4
% pour chaque minute). Dans les groupes II et III, une induction par
inhalation, avec modification de la capacité vitale, a été réalisée. La
tension artérielle moyenne (TAM), la fréquence cardiaque (FR) et la
saturation du sang en oxygène (SpO2) ont été mesurées en continu
pendant l’induction. De plus, le temps nécessaire à l’induction et les
événements indésirables reliés à l’induction anesthésique ont été notés.

Résultats : Le temps d’induction a été significativement plus court
dans le groupe I que dans les groupes II et III (P < 0,05). Aucune dif-
férence de temps d’induction n’a été relevée entre les groupes II et III.
Dans ces groupes II et III, la majorité des patients ont eu besoin de
ventilation supplémentaire. Comparativement aux autres groupes, la
stabilité de la TAM a été maintenue dans le groupe III. Les variations
de FC ont été faibles dans tous les groupes. Pendant l’induction, aucun
patient n’a subi de baisse de la SpO2 en dessous de 96 %, sauf deux
patients du groupe I. Aucune complication respiratoire sévère n’a été
observée. Les autres événements indésirables ont été comparables
d’un groupe à l’autre.

Conclusion : Nos résultats montrent qu’une induction avec une
forte concentration de sévoflurane, selon une technique de réduction
graduelle, peut remplacer l’induction iv habituelle de façon acceptable
chez les patients âgés.
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A sevoflurane induction of anesthesia with gradual
reduction of concentration is well tolerated in
elderly patients
[L’induction de l’anesthésie au sévoflurane, avec une réduction graduelle de la

concentration, est bien tolérée par les patients âgés]
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EVOFLURANE is an ideal agent for inhala-
tion induction of anesthesia. Sevoflurane for
inhalation induction has improved the condi-
tions of anesthetic induction in comparison

with other volatile agents.1–3 Vital capacity inhalation of
a high concentration of sevoflurane has been described
as useful and safe.1–5 Compared to the conventional
inhalation induction technique using a gradual increase
of concentration, a high concentration sevoflurane
induction produced a rapid induction and reduced
adverse effects.4 Furthermore, sevoflurane induction
provided additional advantages such as good cardiovas-
cular stability,3,6,7 smooth transition between induction
and maintenance,6,8 and rapid onset of non-depolariz-
ing muscle relaxant9 compared with iv induction.

There have been many reports focusing on young
volunteers and patients, so that vital capacity inhalation
induction with a high concentration of sevoflurane has
become a widespread alternative to iv induction.
However, little is known about it effects in the elderly10

in whom cardiovascular and respiratory reserve may be
limited.10,11 Improving the technique may make it pos-
sible to perform an inhalation induction with a high
concentration of sevoflurane in the elderly.

The aim of the present study, therefore, was to estab-
lish an appropriate technique for high concentration
induction of anesthesia with sevoflurane in the elderly.
We tested and compared three induction techniques: 1)
iv induction with propofol; 2) high concentration
sevoflurane induction using the conventional tech-
nique; and 3) high concentration sevoflurane induction
with a new technique using a gradual reduction of con-
centration (GRC). We hypothesized that a high con-
centration sevoflurane induction with GRC would
produce a rapid and smoother induction while main-
taining cardiovascular stability and avoiding adverse
events in elderly patients.

MMeetthhooddss
After obtaining the approval of the hospital Ethics
Committee and patient informed consent, 45 patients,
aged 70–79 yr, ASA II, scheduled for elective surgery
were studied. The surgical procedures were otorhino-
laryngologic, oral, or orthopedic and involved minimal
blood loss. Before the study, the patients’ cardiovascu-
lar and respiratory condition were evaluated using chest
x-ray, electrocardiography (ECG), echocardiography,
spirometry and oxygen saturation. Exclusion criteria
included severe or uncontrolled heart disease (NYHA
classification II or more), documented coronary artery
disease, asthma with an attack within a month and
severe respiratory disease with less than 94% oxygen sat-
uration (SpO2) while breathing room air. Those with

hepatic, renal, or neuromuscular disease were excluded.
In addition, patients were excluded if systolic or dias-
tolic blood pressure were above 180 or 110 mmHg,
respectively. Patients were within 15% of ideal body
weight. Observations were made by an anesthesiologist
blinded to the induction technique and induction of
anesthesia was performed by an anesthesiologist famil-
iar with the vital capacity induction technique. 

Patients were randomly divided into three groups
using a sealed envelope. 1) Group I (n = 15): anes-
thesia was induced by iv injection of 2 mg·kg–1 propo-
fol followed by inhalation of sevoflurane 2% in 100%
oxygen; 2) Group II (n = 15): aneshesia was induced
by a modified vital capacity technique with sevoflurane
8% in 100% oxygen, and three minutes after inhalation
of sevoflurane 8% the vaporizer setting was adjusted to
2%; 3) Group III (n = 15): anesthesia was induced ini-
tially with sevoflurane 8%, and the sevoflurane con-
centration was decreased by 2% every minute until the
2% vaporizer setting was reached. 

Patients were not premedicated. On arrival in the
operating room, an iv cannula was inserted, and car-
diovascular and respiratory monitoring was com-
menced with ECG, pulse oxymetry and non-invasive
arterial blood pressure. After the start of anesthetic
induction, end-tidal concentration of carbon dioxide
(PETCO2) was measured continuously.

All patients were breathing room air before induction
of anesthesia. In Group I, the circle system of the anes-
thetic machine (A-VSEVO; Aladin Cassette for
Sevoflurane with Quik Fil™, Datex-Omeda, Sweden)
was primed for five minutes with sevoflurane 2% in oxy-
gen at 6 L·min–1 fresh gas flow. After injection of propo-
fol 2 mg·kg–1 and loss of consciousness, a mask with
anesthetic circle system was applied on the patient’s face
and assisted ventilation was initiated. Ventilation was
controlled after the patient ceased breathing.

In Groups II and III, a modified vital capacity
induction with high concentration sevoflurane10 was
employed to induce anesthesia. The circle system of
the anesthetic machine was primed for five minutes
with sevoflurane 8% in oxygen at 6 L·min–1 fresh gas
flow. Patients were instructed to breathe out to resid-
ual volume and the face mask was applied tightly.
Patients took a vital capacity breath of sevoflurane 8%
in oxygen which they were to hold as long as possible.
If necessary, second and third vital capacity breaths
were taken. After loss of consciousness, assisted venti-
lation was started via the face mask, and the ventila-
tion was controlled after the patient ceased breathing.

Vecuronium 0.1 mg·kg–1 was administered intra-
venously in order to facilitate tracheal intubation in all
groups. Ventilation was controlled after tracheal intu-
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bation, and PETCO2 was maintained between 35 to
40 mmHg during the study.

Two induction times were recorded as follows: 1)
from the start of induction to loss of consciousness;
and 2) from the start of induction to disappearance of
eyelash reflex. The loss of consciousness was defined as
no response to verbal commands repeated at ten-sec-
ond intervals until the patient failed to respond. The
disappearance of eyelash reflex was determined at ten-
second intervals.

Heart rate (HR), mean arterial pressure (MAP),
and SpO2 were recorded before induction (baseline)
and every minute subsequently. In addition, ECG
monitoring of lead II and V5 with continuous ST-seg-
ment analysis were applied.

The adverse events associated with anesthetic
induction were recorded.

In the postoperative period, patients who received
a sevoflurane induction completed a questionnaire on
their feelings regarding the odour of sevoflurane. In
addition, all patients were asked whether they would
be willing to receive the same induction again in the
future.

Data are expressed as mean ± SD. Statistical analy-
ses of the data were performed by one-way or two-way
analysis of variance (ANOVA) with post hoc multiple
comparison (Bonferroni correction). Statistical signif-
icance was assumed at P < 0.05.

RReessuullttss
There were no differences in the demographic data
among the three groups (Table I). Although most
patients in all groups had underlying medical condi-
tions such as hypertension and heart disease, these
were controlled medically. All operations were sched-
uled in the morning and patients received their usual
medication two hours before anesthesia. No patients
received α-antagonists, which might have affected car-
diovascular stability during anesthetic induction.

Induction times
The induction times are shown in Table II. The time
to loss of consciousness and disappearance of eyelash
reflex was significantly shorter in Group I than in the
other groups. There was no significant difference
between Groups II and III.

Cardiovascular stability
Changes of HR in all groups are shown in Figure 1.
There was no significant difference in HR at baseline
between the three groups. There were no significant
variations of HR compared to baseline in all groups
during induction. Immediately after intubation, HR
increased significantly in Group I, but not in Groups
II and III.

Changes of MAP in all groups are shown in Figure
2. There was no difference in MAP at baseline among
the three groups. In Group I, MAP decreased imme-
diately after the injection of propofol. In Group II,
MAP decreased gradually with the inhalation of
sevoflurane. In Groups I and II, decreases of 30
mmHg or more from baseline values in MAP were
observed. In Group III, MAP decreased by 20
mmHg. In all groups, MAP increased after intubation.
The increase of MAP in Group I was significantly larg-
er than in Groups II and III. After intubation, MAP
decreased in Group II compared to Group III.

Three patients presented arrhythmia during induc-
tion in Group II. Although two of those patients had
premature ventricular contractions and one had atrial
premature contractions, all arrhythmias disappeared
within a few minutes, without any treatment. No
arrhythmia was noted during induction in Groups II
and III. 

No patient suffered any ST changes in all groups.
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TABLE I Demographic data

Group I Group II Group III 
(n = 15) (n = 15) (n = 15)

Age (yr) 75 ± 3 74 ± 4 75 ± 3
Sex (males/females) 8/7 7/8 9/6
Height (cm) 157 ± 10 156 ± 7 154 ± 10
Body weight (kg) 52 ± 10 52 ± 7 53 ± 9
Number of patients with:

Hypertension 11 10 10
Diabetes 2 2 3
Heart disease 6 4 6

Arrhythmia 3 2 1
Ischemic heart disease 2 3 2
Valve disease 1 2 2

TABLE II Induction times

Group I Group II Group III 
(n = 15) (n = 15) (n = 15)

Time to loss of 36 ± 13 58 ± 11† 61 ± 18†
consciousness (sec)
Time to disappearance of 43 ± 15 67 ± 13† 72 ± 21†
eyelash reflex (sec)

Group I: anesthesia was induced with propofol 2 mg·kg–1 and
sevoflurane 2%. Group II: anesthesia was induced with a three-
minute inhalation of sevoflurane 8%. Group III: anesthesia was
induced with inhalation of sevoflurane using a gradual reduction
technique. Values expressed as mean ± SD. †P < 0.05 vs Group I. 



Respiratory conditions
SpO2 at baseline in Groups I, II and III were 96.0 ±
0.5%, 95.8 ± 0.7% and 96.1 ± 1.0%, respectively (P =
NS). SpO2 remained above 96% in all patients except
for two patients in Group I (P = NS). SpO2 increased
above 98% within one minute after the start of
mechanical ventilation.

Adverse events
The overall incidence of adverse effects during induc-
tion was similar in all groups and none were severe.
Two patients presented transient breath holding
immediately after injection of propofol in Group I. In
Groups II and III, a patient coughed during induction
with sevoflurane, but ventilation was not disturbed
and coughing resolved spontaneously. Two patients
had hiccups in Group II which disappeared after the
administration of vecuronium. No patient complained
about the odour of sevoflurane.

Patient satisfaction
In Groups II and III, single breath induction was suc-
cessful in only two patients in each group. The major-
ity of patients in Groups II and III required additional
vital capacity breaths. Patients were generally satisfied
with their induction and there were no significant dif-
ferences between groups. All patients were willing to
receive the same induction in the future.

DDiissccuussssiioonn
We have shown that inhalation induction with high
concentration sevoflurane may be used successfully in
elderly patients. High concentration sevoflurane
induction provided a rapid and smooth induction,
although most patients required additional vital capac-
ity breaths. Furthermore, SpO2 was well maintained,
without severe adverse effects on respiration.
Compared to iv induction with propofol, a high con-
centration sevoflurane induction with a GRC tech-
nique improved cardiovascular stability during
anesthetic induction. However, traditional high con-
centration sevoflurane induction (without GRC)
reduced MAP to an extent similar to iv induction with
propofol. In contrast to the induction of anesthesia
with propofol and 2% sevoflurane, high concentration
sevoflurane induction with either the traditional tech-
nique or the GRC technique blunted the cardiovascu-
lar response to tracheal intubation. 

Vital capacity inhalation induction requires the
cooperation of patients. Elderly patients may not be
able to hold a vital capacity breath for a sufficient
length of time. Possible explanations include that
breathing in elderly patients may not be sufficiently
coordinated to achieve a reliable vital capacity because
of the difference between total lung capacity and
residual volume. Another is that leaks around the
mask may occur when the patient is edentulous.
Walpole et al.10 indicated that elderly patients might
have difficulty in holding a breath for 30 sec or more
and reported a modified vital capacity inhalation
induction. The technique allowed patients to take a
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FIGURE 1 Changes in heart rate during anesthetic induction.
Group I: anesthesia was induced with propofol 2 mg·kg–1 and
sevoflurane 2%. Group II: anesthesia was induced with a three-
minute inhalation of sevoflurane 8%. Group III: anesthesia was
induced with inhalation of sevoflurane using a gradual reduction
technique. Values expressed as mean ± SD. †P < 0.05 vs baseline;
‡P < 0.01 vs baseline.

FIGURE 2 Changes in mean arterial pressure during anesthetic
induction. See Figure 1 and text for details on groups. Values
expressed as mean ± SD. *P < 0.05 vs Group III; **P < 0.01 vs
Group III; §P < 0.05 vs Group II. †P < 0.05 vs baseline; ‡P <
0.01 vs baseline.



second and third vital capacity breaths if required. In
the present study, although most patients required
additional breaths, induction times in our elderly
patients were similar to those reported previously in
young volunteers and patients.1–8

Severe respiratory adverse events were not observed
with high concentration sevoflurane induction.
Although there were a few patients with a cough or hic-
cup associated with sevoflurane, our findings are similar
to previous reports focusing on young volunteers and
patients.1–8 Furthermore, breath holding and a decrease
in SpO2 below 96% occurred in two patients who
received an iv induction, but not in patients who
received high concentration sevoflurane induction.

Most patients had cardiovascular disease such as
hypertension, diabetes and heart disease. Inhalation
induction with high concentration sevoflurane was
described to provide cardiovascular stability with a
rapid induction in young volunteers and patients.1–8

Several studies in young volunteers and patients have
demonstrated that HR increased slightly or not and
that arterial blood pressure decreased 10 to 20% after
inhalation induction with high concentrations of
sevoflurane.1–8 However, elderly patients are more
sensitive to cardiovascular depression with volatile
agents.10,12,13 Cardiovascular instability may con-
tribute to perioperative myocardial ischemia and car-
diac morbidity in these patients.14–16 Precautions
should be taken to avoid adverse events during anes-
thetic induction. Walpole et al.10 showed that the
mean reduction of systolic arterial pressure from pre-
induction values was 30 ± 13% in elderly patients.
Nathan et al.17 reported severe hypotension during
high concentration sevoflurane induction in elderly
patients with hypertension. In both of the above stud-
ies, patients inhaled 8% sevoflurane for approximately
three or 4.5 min during induction. On the other
hand, Cheong et al.18, Gravel et al.19 and Djaiani et
al.20 studied inhalation induction with sevoflurane in
elderly patients scheduled for coronary artery bypass
graft surgery and described that it offered a rapid and
smooth induction with hemodynamic stability. In the
three above-mentioned studies, patients inhaled high
concentrations of sevoflurane only until the eyelid
reflex disappeared. The authors combined short-term
sevoflurane inhalation with opioids, to avoid aware-
ness or adverse cardiovascular responses to intubation.
In the present study, no opioid was administered
before intubation. Instead, the GRC technique was
employed in Group III. This technique was designed
to maintain an adequate depth of anesthesia during
induction. It significantly attenuated the decrease in
MAP compared to a traditional inhalation induction

or iv induction with propofol. Furthermore, cardio-
vascular responses to intubation with the GRC tech-
nique were significantly lesser than that with iv
induction with propofol, and comparable to that with
a traditional inhalation induction. These results sug-
gest that the GRC technique may provide adequate
anesthesia without cardiovascular instability during
induction even if opioids are not used.

In conclusion, we evaluated high concentration
sevoflurane induction with two different techniques in
the elderly, compared to iv induction. High concen-
tration sevoflurane induction using a GRC technique
provided cardiovascular and respiratory stability dur-
ing induction without adverse effects, compared to
other techniques. This inhalation technique may be an
acceptable alternative to standard iv induction.
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