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Effects of rapid inhalation induction with sevoflurane-oxygen
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Abstract: In this study, we chose sevoflurane as the volatile
anesthetic for rapid inhalation induction (RII) and investi-
gated its usefulness. We also assessed how RII with
sevoflurane affected epidural pressure, and compared RII
with rapid intravenous induction by thiopental on epidural
pressure. The results were as follows: RII with 5% sevoflurane
had a shorter induction time compared with published results
on RII with other volatile anesthetics like halothane and
isoflurane, and was accompanied by fewer complications.
When RII with sevoflurane was attempted, epidural pressure
increased significantly upon exhalation to residual volume just
before induction and during laryngoscopy and endotracheal
intubation compared with the preinduction value. There was
no significant difference in epidural pressure between the two
induction methods during laryngoscopy and endotracheal
intubation. Epidural pressure measurements are reportedly
useful in monitoring intracranial pressure. Consequently, in
patients with increased intracranial pressure, exhaling to re-
sidual volume and increasing arterial blood pressure during
laryngoscopy and endotracheal intubation should be avoided.
The results of this study suggest that RII with 5% sevoflurane
in itself is safe and useful, and that it is unlikely to increase
intracranial pressure as compared with rapid intravenous in-
duction by thiopental.
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Introduction

Rapid inhalation induction (RII) is a rapid induction
method that employs high concentrations of volatile
anesthetics from the beginning [1-7]. This study was
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conducted to investigate the usefulness of sevoflurane
as a volatile anesthetic for RII. We also assessed how
RII with sevoflurane affected epidural pressure, and
compared RII with rapid intravenous induction by
thiopental on epidural pressure.

Materials and methods

Sixteen adult patients (nine men and seven women,
ASA physical status I or II) undergoing elective upper-
abdominal surgery were selected as subjects. They were
free of neurologic and cardiovascular diseases. Their
ages ranged from 30 to 64 years (mean * SD, 45.6 =
10.5). The patients were randomly assigned to two
groups: RII with sevoflurane (n = 9) and rapid intra-
venous induction by thiopental (n = 7).

Institutional approval and informed consent from all
of the patients were obtained. An epidural catheter was
inserted 2 h before starting this study. Following sterile
preparation and draping of each patient in the right
lateral decubitus position, lidocaine (1%, 3—4 ml) was
injected subcutaneously and intradermally at the T9-10
or T10-11 intervertebral space. The epidural space was
identified with a 17-gauge Tuohy needle by a para-
median approach. Entry of the needle point into the
epidural space was confirmed by the loss-of-resistance
technique with a physiological-saline-filled syringe. An
18-gauge epidural catheter (Hakko, Tokyo, Japan) was
inserted through the needle and the catheter was posi-
tioned 2-3 cm cephalad in the epidural space. Neither
blood nor cerebrospinal fluid was aspirated through
the catheter in any of the patients. A test dose was
not used.

Premedication with hydroxyzine hydrochloride
50 mg and atropine sulfate 0.5 mg was administered by
intramuscular injection 30 min before arrival in the
operation room. In the operation theater, the patient
was placed in the supine position. Before anesthesia
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induction, the epidural catheter was filled with phy-
siological saline and connected to a transducer
(Transpac, Abbott Critical Care Systems, North
Chicago, Illinois, USA). Direct arterial blood pressure
(radial artery) was recorded simultaneously on a poly-
graph (Life Scope 12, Nihon Kohden, Tokyo, Japan).
All transducers were calibrated to zero at the level of
the patients’ external auditory meatus.

The RII method was carried out as follows: first, using
a Jackson-Rees breathing circuit, the patients were
preoxygenated with 100% oxygen at a flow rate of 8 L/
min for 5 min using a mask. Induction was started with
a full 4 L reservoir bag to allow for inspiration of a full
vital-capacity breath. Mixtures of 5% sevoflurane and
oxygen were delivered by a vaporizer (VIP;, Penlon,
UK) into the circle system of an anesthesia machine
(Vip-202, IMI, Saitama, Japan). The pop-off valve was
open at all times. Respiratory gases were sampled into
the multi-gas monitor (ULTIMA, Datex, Helsinki, Fin-
land). Following preoxygenation, the patients were in-
structed to breathe out to residual volume and hold
their breath at residual volume while the circuit was
replaced with the preprimed circle system. They were
then instructed to take a vital capacity breath and at-
tempt to hold this breath as long as they could, prefer-
ably until loss of consciousness ensued. Following initial
vital capacity breathing, patients were allowed to re-
sume spontaneous respiration. Loss of consciousness
was defined as the loss of both the eyelash reflex and the
response to the verbal command, “Open your eyes”.
These were repeated at 5-s intervals until the patients
failed to respond. Just after loss of consciousness, the
trachea was intubated orally with intravenous suc-
cinylcholine at 1 mg-kg™.

The time when patients resumed spontaneous breath-
ing after holding their breath, and the time of the onset
of unconsciousness were recorded. The five complica-
tions of induction of anesthesia, coughing, laryngo-
spasm, breath holding, movements, and secretions,
demonstrated by Lamberty et al. [5], were recorded.

Table 1. Patient characteristics

Systolic and diastolic blood pressure and heart rate
were measured before induction as the control, 30,
60, and 90sec after starting induction, and when
laryngoscopy and endotracheal intubation were being
attempted. Epidural pressure was also recorded
throughout this study.

The rapid intravenous induction method was carried
out as follows: thiopental at 5 mg-kg™* was administered
intravenously, and just after loss of the eyelash reflex,
the trachea was intubated orally with intravenous
succinylcholine at 1 mg-kg™!. Systolic blood pressure,
diastolic blood pressure, heart rate, and epidural pres-
sure were measured before the start of induction as the
control, and during laryngoscopy and endotracheal
intubation.

Statistical analysis of the data obtained was per-
formed using two-way analysis of variance followed by
the Dunnett procedure, and the paired and unpaired
t-test. P <0.05 was considered statistically significant.
Values are shown as mean *= SD.

Results

There were no significant differences in age, body
weight, height, systolic blood pressure, diastolic blood
pressure, heart rate and epidural pressure between the
two groups before induction (Table 1).

In the RII group, the time until patients resumed
spontaneous breathing after holding their breath was
45.6 (= 16.7) s. The onset of unconsciousness occurred
at 84.3 (= 18.6) s. During induction, complications such
as coughing, laryngospasm, breath holding, and secre-
tions were not observed, but one patient exhibited
movements.

The traces of systolic and diastolic blood pressure,
and epidural pressure before and after the start of in-
duction, are shown in Fig. 1.

Systolic blood pressure decreased gradually after the
start of induction. At 90s, systolic blood pressure was

Rapid inhalation
induction group

Rapid intravenous
induction group

n 9

Sex (M/F) 4/5
Age (years) 456 =105
Body weight (kg) 56.1 3.6
Height (cm) 1582 = 82
Systolic blood pressure (mmHg) 1494 = 18.4
Diastolic blood pressure (mmHg) 76179
Heart rate (beat-min') 81.9 £ 145
Epidural pressure (mmHg) 10.9 = 3.1

7
572
499 = 13.4
635113
158.0 = 9.7
1441 = 13.8
67.7 =81
73.0 = 20.1
11.3+24

Values are expressed as mean = SD.
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significantly lower than the control value. Systolic blood
pressure reached its highest value during laryngoscopy
and endotracheal intubation, and it was significantly
higher than the control value (Table 2).

Diastolic blood pressure also decreased gradually
after the start of induction, and at 90 s diastolic blood
pressure was significantly lower than the control value.
Diastolic blood pressure reached its highest value dur-
ing laryngoscopy and endotracheal intubation, and it
was significantly higher than the control value (Table 2).

Heart rate did not change significantly until 90 s after
the start of induction. Heart rate during laryngoscopy
and endotracheal intubation was the highest, and it was
significantly higher than the control value (Table 2).

Epidural pressure increased significantly upon ex-
piration to residual volume just before induction, and
during laryngoscopy and intubation (Table 3).

In the rapid intravenous induction group, the onset of
unconsciousness occurred at 20.3 (* 6.5)s. Systolic
blood pressure, diastolic blood pressure, heart rate,
and epidural pressure during laryngoscopy and endo-
tracheal intubation were significantly higher than the
control values (Table 4).
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Fig. 1. Traces of systolic and diastolic
blood pressure, and epidural pressure be-
fore and after induction in the rapid inhala-
tion induction group
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There were no significant differences between the
two groups in these parameters concerning the control
values and the values at laryngoscopy and intubation.

Discussion

Rllis a rapid induction method in which a high concen-
tration of volatile anesthetic is used from the beginning
[1-7]. Ruffle et al. [1] first described the technique of
RII: A vital capacity of 4% halothane was inhaled and
held in the lungs for 30-90 s, and this was followed by
tidal breathing until consciousness was lost. In 15 of the
16 subjects, unresponsiveness to command was shown
after 2 min of induction. Wilton and Thomas [2] used a
single breath of 4% halothane in 67% nitrous oxide to
induce anesthesia in 100 outpatients by a similar proce-
dure: vital capacity inspiration followed by a breath-
hold. Apnea was present for approximately 30's, and
the eyelash reflex was lost after almost 80s. Seven
patients coughed and six moved during induction.
Loper et al. [3] showed that in patients pretreated with
fentanyl at 5 ug-kg™! to attenuate the cough reflex, time

Table 2. Systolic blood pressure, diastolic blood pressure, and heart rate before and after the start of induction in the rapid

inhalation induction (RII) group

Before the After the start of induction
start of
induction 30s 60s 90s Laryngoscopy and
{control) endotracheal
intubation
Systolic blood 1494 + 184 146.6 = 24.9 1394 = 21.3 121.9 £ 21.3* 186.9 + 26.3*
pressure (mmHg)
Diastolic blood 76.1 =79 743 121 73.1 £ 10.7 64.4 + 14.3* 109.1 + 22.0*
pressure (mmHg)
Heart rate 81.9 = 145 85.6 £ 184 834178 843 £ 182 96.0 = 11.2*
(beat-min~?)

Values are expressed as mean + SD.
* P << 0.01 vs. control.
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Table 3. Epidural pressure before and after the start of induction in the RII group

Before the start
of induction

After the start of induction

Control Expiration Inspiration 30s 60s 90s Laryngoscopy
to residual in deeply and intubation
volume
Epidural 109 = 3.1 16.0 = 4.7* 91x31 12426 120£37 106=x37 179 = 5.8*

pressure (mmHg)

Values are expressed as mean = SD.
* P <0.01 vs. control.

Table 4. Systolic blood pressure, diastolic blood pressure, heart rate, and epidural
pressure before the start of induction (control) and during laryngoscopy and endo-

tracheal intubation in rapid intravenous induction group

Before the start of Laryngoscopy and Significance
induction (control) endotracheal
intubation
Systolic blood 1441 =138 207.9 £223 P <0001
pressure (mmHg)
Diastolic blood 67.7 £ 8.1 116.4 = 10.3 P < 0.0005
pressure (mmHg)
Heart rate 73.0 £20.1 109.6 = 15.7 P < 0.005
(beat-min~!)
Epidural 113 +24 151+41 P <0.05

pressure (mmHg)

Values are expressed as mean * SD.

to loss of consciousness was significantly longer with
3.5% halothane than with 5% isoflurane (vs 86s, 38 s
respectively). Lamberty and Wilson [5] used 2%
isoflurane with 66% nitrous oxide in oxygen for induc-
tion, and 19% of the patients exhibited complications
such as coughing, laryngospasm, breath holding, move-
ments, and secretions. Yurino and Kimura [6] com-
pared vital capacity rapid inhalation induction of
anesthesia with 3% sevoflurane and 2% isoflurane in
oxygen. The mean time for induction of anesthesia with
sevoflurane (120 s) was significantly shorter than that
with isoflurane (145 s). They tried induction using 4.5%
sevoflurane with 66.6% nitrous oxide in oxygen [7]. The
mean time required for induction was 53.8 s, and cough-
ing or movements occurred in two of the 32 subjects. In
our study, we also chose sevoflurane as the volatile
anesthetic for RIL In comparison with previously pub-
lished results, sevoflurane is the most useful volatile
anesthetic for RII because it is associated with fewer
complications, and because supplemental agents such as
fentanyl are not always needed. Furthermore, it takes
less time for induction even if nitrous oxide is not added
since sevoflurane has lower blood-gas solubility. If very
rapid induction is needed, higher concentrations of
sevoflurane with nitrous oxide in oxygen are strongly
recommended.

While induction was being attempted, patients were
instructed to try to hold their breath as long as they
could. The reason is as follows: an anxious patient who
is mildly hypocapnic tends to remain apneic for a longer
period after the onset of anesthesia until sufficient car-
bon dioxide is retained to provide a stimulus to substi-
tute for conscious anxiety as a drive to breathing. The
breath-holding part of this induction technique appears
to be useful because carbon dioxide is retained, and
provides an alternative stimulus to ventilation when
consciousness is lost [8].

In this study, there were no significant differences
between the two groups in epidural pressure during
laryngoscopy and intubation. In the RII group, it was
found to be especially high during expiration to residual
volume just before induction and during laryngoscopy
and intubation. Sevoflurane reportedly increases intrac-
ranial pressure [9-11]. Epidural pressure measure-
ments seem to be valuable for estimating cerebrospinal
fluid pressure [12-13]. Intraspinal epidural pressure
measurements are useful in monitoring intracranial
pressure in patients with increased intracranial pres-
sure. In addition, the procedure is simple and relatively
noninvasive [14]. Thus, exhalation to residual volume
and increases in arterial blood pressure during
laryngoscopy and endotracheal intubation should be
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avoided in patients with increased intracranial pressure.
The results of this study suggest that RII with 5%
sevoflurane is safe and useful, and is unlikely to increase
intracranial pressure, as compared with rapid intra-
venous induction with thiopental which decreases
intracranial pressure [15].
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