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Fentanyl pretreatment
attenuates the
haemodynamic
response to sudden
inhalation of 5%
1isoflurane

Hiroyuki Kinoshita mp, Hiroya Wakamatsu M,
Yasuaki Taira Mp, Kazuyoshi Ishida Mp,
Akitomo Yonei MD

High concentrations of inhaled isoflurane can increase heart
rate and/or arterial pressure. The purpose of this study was
to determine whether fentanyl has a prophylactic effect on the
isoflurane-induced circulatory response in adult patients. Thirty
patients due to undergo elective surgery were randomly allo-
cated to one of three groups of ten patients. Prior to surgery,
one group inhaled 2.5% isoflurane, another inhaled 5.0% iso-
flurane, and the third group inhaled 5.0% isoflurane and were
given fentanyl 2 pg- kg™ iv two minutes before induction of
anaesthesia. Anaesthesia was induced with thiamylal followed
by vecuronium. The lungs were ventilated with 100% oxygen
and either 2.5% or 5.0% isoflurane via face mask. Ventilation
was continued for five minutes. Heart rate (HR) and mean
arterial pressure (MAP) were recorded at two minutes before
induction of anaesthesia (baseline), immediately before the in-
duction of anaesthesia, and at three and five minutes afier in-
duction, respectively. It was found that 5.0% isoflurane caused
an increase in HR compared with baseline (P < 0.01) and
with the 2.5% isoflurane (P < 0.05) : 2.5% isoflurane did not
elicit this response. An increase was also noted in MAP, com-
pared with the 2.5% isofturane (P < 0.01) : 2.5% isofturane
did not elicit this increase. Fentanyl pretreatment attenuated
the increases in HR and in MAP that occurred with 5.0% iso-
Slurane (P < 0.01). These results suggest that fentanyl attenuates
the enhancement of both HR and MAP from face mask in-
halation of a high concentration of isoflurane.
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Linhalation de fortes concentrations d’isoflurane peut augmen-
ter la fréquence cardiaque et la pression artérielle. Cette étude
a pour objectif de déterminer si le fertanyl protége le sujet
adulte de ces réponses circulatoires induites par lisoflurane.
Trente patients programmés pour une chirurgie non urgente
sont répartis au hasard en trois groupes égaux. Avant la chi-
rurgie, un groupe inspire de lisoflurane a 2,5%, le deuxiéme
de lisoflurane & 5%, et le troisiéme de lisoflurane a 5% et
recoit du fentanyl 2 ug - kg~! iv derx minutes avant induction
de l'anesthésie. Lanesthésie est induite avec du thiamylal suivi
de vécuronium au masque facial. Les poumons sont ventilés
avec de loxygéne a 100% associé a lisoflurane 2,5% ou 5%.
La ventilation est continuée pendant cing minutes. La
fréquence cardiaque (FC) et la pression artérielle moyenne
(PAM) sont enregistrées deux minutes avant l'induction (mesure
initigle), immédiatement avant linduction de lanesthésie et
trois et cing minutes aprés l'induction. Les résultats montrent
que lisoflurane & 5% produir une augmentation de FC com-
parativement & la mesure initiale (P < 0,01) : mais que Ii-
soflurane & 2,5% ne provoque pas cette réponse (P < 0,05).
Une augmentation de la MA P est aussi notée comparativement
a lisoflurane 2,5% (P < 0,01)lisoflurane 2,5% ne provoque
pas cette augmentation. Le prétraitement au fentanyl diminue
l'augmentation de la FC et de la MAP qui survient avec -
soflurane 5% (P < 0,01). Ces résultats suggérent que le fentanyl
atténue laugmentation a la fois de la FC et de la MA P pendant
Vadministration au masque de concentrations élevées d'isoflu-
rane.

Abrupt inhalation of high concentrations of isoflurane,
whether via face mask,*? or endotracheal tube,®* can
cause increases in heart rate and in arterial pressure. Al-
though the mechanisms of these circulatory responses are
not known, it has been suggested that stimulation of the
nasal mucosa '’ and/ or sensory nerve endings in the lung*
by a pungent volatile anaesthetic might be the cause.
Moreover, it was found that isoflurane-induced tachycar-
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dia and increased arterial pressures occur concurrently
with enhancement of the plasma norepinephrine concen-
tration, >

Episodes of tachycardia and increases in arterial pres-
sure affect ischaemic heart disease patients adversely,
since they aggravate the myocardial oxygen demand and
decrease the myocardial oxygen supply. However, a re-
liable prophylactic regimen that ameliorates these re-
sponses has yet to be found. Fentanyl, a commonly used
opioid, acts on the central nervous system, possesses va-
gotonic effects,®” and decreases plasma catecholamine
concentrations, which might indicate a reduction in sym-
pathetic nerve activity.®® This suggests that fentanyl
may have a prophylactic effect on high concentration
isoflurane-induced circulatory responses. Therefore, we
investigated the effect of fentanyl pretreatment on the
isoflurane-induced responses of heart rate and arterial
pressure during induction of anaesthesia.

Methods

On receiving approval for this study by the hospital com-
mittee on ethics and the informed consent of each patient,
30 ASA physical status 1 patients, ranging in age from
19 to 49 yr, scheduled for elective surgery (hysterectomy,
tonsillectomy or osteosynthesis of the lower extremities)
were randomly assigned to one of three groups. Ten pa-
tients inhaled 2.5% of isoflurane by a vaporizer (Isotec
5, Ohmeda) (Iso 2.5% group); ten patients inhaled 5.0%
of isoflurane by a vaporizer (Iso 5.0% group); and ten
inhaled 5.0% of isoflurane by a vaporizer and also re-
ceived fentanyl (2 pug- kg=") i two minutes before com-
mencement of isoflurane inhalation (Iso 5.09% + F group),
respectively.

Preanaesthetic fasting was started 12 hr before induc-
tion of anaesthesia and any fluid deficit secondary to
fasting was replaced with 5% dextrose containing lactated
Ringer’s solution (0.5 ml-kg='-hr=! of fasting) from
three hours before until induction of anaesthesia from
a 20-gauge catheter. The infusion rate during the meas-
urement was maintained at 10 ml-kg='-hr-' and any
preanaesthetic medication, such as atropine or sedatives,
was not administered before the patient was taken to the
operating room. In the operating room, monitoring of
the ECG and of haemoglobin oxygen saturation by pulse
oximetry were maintained and continued throughout the
study period. An automated arterial pressure monitor
(Dinamap, Critikon) was fixed to the arm without an
intravenous catheter.

When two successive readings of mean arterial pres-
sure (MAP) varied less than 10%, 100% oxygen was de-
livered to all groups by face mask, and in the Iso 5.0%
+ F group, fentanyl (2 ug-kg~! i) was also admin-
istered. Two minutes later, anaesthesia was induced with
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thiamylal (4 mg-kg~' #) and was followed by vecur-
onium (0.1 mg - kg~! ). The lungs were ventilated with
100% oxygen (fresh gas flow rate was 6 L - min—") and
2.5% or 5.0% isoflurane (inspired) through the face mask
connected to a semiclosed anaesthesia system. Ventilation
with face mask was continued for five minutes.

After induction of anaesthesia, the end-tidal carbon di-
oxide tension and isoflurane concentration were moni-
tored with an infrared carbon dioxide and anaesthetic
gas monitor (5250 RGM, Ohmeda). Throughout the
measurement, the end-tidal carbon dioxide tension was
maintained between 30-35 mmHg. Recordings of heart
rate (HR) (from the ECG) and MAP (from the auto-
mated arterial pressure monitor) were taken according
to the following schedule: at two minutes before induction
of anaesthesia (baseline); immediately before induction
and at three and five minutes after induction, The tym-
panic temperature of each patient was also recorded at
the end of the measurements (Quick thermo, Terumo).

Values expressed in the text are means == SEM. The
statistical analysis was performed using the Kruskal-
Wallis test for characteristics among the groups, a paired
t test for the end-tidal isoflurane concentration of each
group, a one-way ANOVA, followed by Scheffe’s F test
for repeated measurements of HR and MAP of each
group, and a two-way ANOVA, followed by an unpaired
t test for HR, MAP, and the end-tidal isoflurane con-
centration among the groups, when appropriate. In all
analyses, a value of P < (.05 was considered as sta-
tistically significant.

Results

Patients in the three groups were comparable with regard
to sex, age, height, weight, and a tympanic temperature
(Table I). No difference in the end-tidal isoflurane con-
centration (F iso) after induction of anaesthesia was noted
between the Iso 5.0% and the Iso 5.09 + F groups (Table
II). At five minutes after induction of anaesthesia, the

" F iso values were as follows: 1.2 MAC (Iso 2.5%) and

2.2 ~ 2.3 MAC (Iso 5.0%), respectively. In all groups,
laryngospasm due to the high-dose isoflurane inhalation
was not demonstrated during the measurements.

The HR in the Iso 2.5% group did not change com-
pared with baseline (83.7 = 6.2 bpm). In contrast, in
the Iso 5.0% group, HR increased at five minutes after
induction (112.2 * 7.8 bpm), compared with baseline
(78.5 £ 3.7 bpm) (P < 0.01) and with the Iso 2.5%
group at the same time (86.7 £ 3.7 bpm) (P < 0.05).
In Iso 5.0% + F group, no HR change was noted com-
pared with baseline (80.4 1 3.8 bpm), but an attenuation
occurred at three minutes after induction (81.9 £ 4.1
bpm) (P < 0.05), at five minutes after induction (81.7
* 7.1 bpm) (2 < 0.01), compared with the Iso 5.0%
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TABLE1 Patient characteristics

Sex Age Height Weight BT
Group (M/F) (r) (cm) (kg) 0
Iso 2.5% 2/8 384128 1596 £ 2.7 539126 36.3+02
Iso 5.0% 1/9 365+29 1592 £ 3.1 58.1£26 360102
Iso 5.0% + F 3/7 403 + 3.1 160.8 + 2.5 596 +2.9 36.310.1

Values expressed are means = SEM. Iso 2.5% = Iso 2.5% group (inhaled 2.5% isoflurane); Iso 5.0% = Iso 5.0% group (inhaled 5.0% isoflurane);
Iso 5.0% + F = Iso 5.0% + F group (inhaled 5.0% isoflurane and also received 2 ug - kg™' fentanyl iv two minutes before commencement of

isoflurane inhalation; BT = a tympanic temperature.

TABLE II End-tida! isoflurane concentration (%) for each group
Group 3 min 5 min

Is0 2.5% 1.17 £ 0.63 1.35 £ 0.05

Iso 5.0% 2151014 250+ 0.1

Is0 50% + F 2291009 271 £0.11*

Values expressed are means 1 SEM. Three and five minutes after
induction. Differences within each group from three minutes values; * P
< 0.05; as determined by a paired t test. Differences among the groups
as determined by a two-way ANOVA.
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FIGURE 1 Heart rate (HR) during inhalation of 2.5% and 5.0%
isoflurane and the effect of fentanyl pretreatment. Baseline, 0 min, 3
min and 5 min represent two minutes before induction of anaesthesia,
immediately before and at three and five minutes after induction of
anaesthesia, respectively. Means £ SEM. Differences within each
group from baseline were significant at the following P value; ** P <
0.01 as determined by a one-way ANOVA followed by Scheffe’s F test.
Differences among the groups were significant at the following P
values: § P < 0.05 (compared with Iso 2.5% group), # P < 0.05, ## P
< 0.01 (compared with Iso 5.0% group), as determined by a two-way
ANOVA followed by an unpaired t test.

group at the same time (102.9 £ 6.2, 112.2 £ 7.8 bpm,
respectively) (Figure 1).

The MAP in the Iso 2.5% group did not change com-
pared with baseline (86.6 £ 3.3 mmHg). In the Iso 5.0%
group, MAP did not change compared with baseline (87.8
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% : O iso 5.0%
?  iso 5.0% +F
?
%
baseline 0 3 5
Time

FIGURE 2 Mean arterial pressure (MAP) during inhalation of 2.5%
and 5.0% isoflurane and the effect of fentanyl pretreatment. Differences
within each group from baseline; * P < 0.05, *** P < 0.001 as
determined by a one-way ANOVA followed by Scheffe’s F test.
Differences among the groups; §§ P < 0.01 (compared with Iso 2.5%
group), ## P < 0.01 (compared with Iso 5.0% group), as determined
by a two-way ANOVA followed by an unpaired t test.

+ 5.6 mmHg), but there was an increase at five minutes
after induction (89.0 + 6.7 mmHg) compared with the
Iso 2.5% group at the same time (72.1 + 2.1 mmHg)
(P < 0.01). In contrast, in the Iso 5.0% + F group,
MAP decreased at three minutes after induction (78.5
+ 3.0 mmHg) (P < 0.05) and at five minutes after in-
duction (67.0 £ 3.4 mmHg) (P < 0.001), compared with
baseline (99.4 = 1.6 mmHg). Further, MAP at five min-
utes after induction decreased compared with the Iso
5.0% group at the same time (89.0 + 6.7 mmHg) (P
< 0.01) (Figure 2).

Discussion

This study found that inhalation of 5.0% isoflurane dur-
ing induction of anaesthesia caused an increase in HR,
compared both with baseline and with the results during
2.59% isoflurane inhalation. Also, 5% isoflurane caused
an increase in MAP compared with 2.5% isoflurane in-
halation. However, 2.5% isoflurane inhalation altered nei-
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ther HR nor MAP, compared with baseline values. Pre-
treatment with fentanyl attenuated this increase compared
to those who had undergone 5.0% isoflurane inhalation.

We have shown that 5%, but not 2.5%, isoflurane, elicits
a sympathetic response manifested by an increase in HR
and MAP. Some studies also indicated that abrupt ex-
posure to a high concentration of isoflurane, i.e., 5.0%,
caused an increase in both HR and MAP values'# but
responses to lower concentrations of isoflurane did not
augment HR and MAP. Yli-Hankala ez al.* found a re-
sponse when the isoflurane concentration increased from
2.5% to 5.0%. Ishikawa et al.! also found that induction
with 5% isoflurane increased HR and MAP, but, using
a lower concentration (3%), Randell et al.? found only
an increase in HR. Induction of anaesthesia in children
with 3.75% isoflurane elicited an increase in both HR
and systolic arterial pressure.

In contrast, our data shows that with 5% isoflurane
inhalation the MAP value at five minutes is not different
from baseline. The study by Yli-Hankala e al.4 showed
that, although a sudden increase in isoflurane concen-
tration during stable background anaesthetic did produce
an increase in HR and in arterial pressure, this effect
was transient, peaking at two minutes. Further, in Ishik-
awa’s study, ! the effect occurred in approximately 30 sec.
These are quite different from the present study when
the conditions were constantly changing. Thus, our data
may reflect the effect of co-induction with a barbiturate.

It has been reported that fentanyl, a commonly used
opioid during anaesthesia, exerts its vagotonic action® at
the medulla oblongata.” Flacke et al.3? noted that in dogs
during enflurane inhalation 50 or 100 ug-kg~! fentanyl
iv decreased plasma catecholamine concentrations. Fur-
ther, Macnab ez al.'® reported that during 2-2.5% of
isoflurane-induced hypotension for cerebral aneurysm
surgery, 3-5 ug - kg~! fentanyl iv immediately before be-
ginning of the surgery did not result in an increase in
the plasma norepinephrine concentration. Moreover, Cah-
alan et al."! found that during 1% isoflurane inhalation,
1 ng-kg~' fentanyl iv ten minutes after skin incision de-
creased both HR and MAP, compared with HR and
MAP immediately before the fentanyl administration.
Therefore, we hypothesized that pretreatment with fen-
tanyl would attenuate HR and MAP enhancement during
isoflurane inhalation. Based on our results that fentanyl
decreased the enhancement of HR and MAP during
5.0% isoflurane inhalation, it is likely that fentanyl in-
creases vagal activity. Further, it suggests that fentanyl
attenuates the perception of the pungency of isoflurane
and that attenuation also might account for the decreased
response. On the other hand, fentanyl may attenuate cir-
culatory responses during high concentration of isoflu-
rane inhalation by decreasing plasma catecholamine con-
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centration. In Flacke’s study,®’ the fentanyl doses admin-
istered to achieve the decrease of the plasma catecho-
lamine concentrations were much larger than that we ad-
ministered. Thus, it is unlikely that fentanyl attenuates
these circulatory responses via inhibition of the release
of catecholamine. Moreover, in Macnab’s study, '° the in-
haled isoflurane concentration was lower than that in the
present study. Thus, direct comparison between Macnab’s
study and ours may be difficult.

During normal anaesthesia, it is seldom necessary to
increase the concentration of isoflurane so abruptly as
in this study which might explain why the phenomenon
during high concentration of isoflurane inhalation is
rarely seen in clinical practice, particularly as most cli-
nicians routinely administer a small dose of fentanyl or
other opioid prior to induction of anaesthesia. Ishikawa
et al.! showed that increases in HR and MAP during
inhalation of high concentrations of isoflurane were more
marked in hypertensive patients. Therefore, particularly
for hypertensive patients, fentanyl pretreatment prior to
isoflurane inhalation may be more important than in nor-
motensive patients.

It is concluded that a small amount of fentanyl pos-
sesses a prophylactic effect on the enhancement of HR
and MAP of adult patients during inhalation of high
concentrations of isoflurane. Further, we also have shown
that 5%, but not 2.5% isoflurane, elicits a sympathetic
response manifested by an increase in HR and MAP.
Thus, the increased HR and MAP during isoflurane in-
halation might be avoided by limiting the concentration
of isoflurane at induction of anaesthesia to 2.5%.
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