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Haemodynamic
responses to laryngo-
scopy and tracheal
intubation in geriatric
patients: effects of
fentanyl, lidocaine and
thiopentone

The haemodynamic responses to laryngoscopy and intubation
after induction of th with thiop alone or in
combination with 1.5 mg kg~ lidocaine andior 1.5 or 3.0
ug-kg™! fentanyl were measured in 150 patients over 64 years
of age to determine whether lidocaine, fentanyl or both lidocaine
and fentanyl attenuated the pressor response. Fentanyl reduced
the rises in systolic, diastolic and mean arterial pressures, heart
rate, and rate pressure product and lidocaine decreased the
rises in arterial blood pressure and rate pressure product
(P < 0.05). Fentanyl decreased the incidence of marked
Sfluctuations in haemodynamic variables, often seen in geriatric
patients (P < 0.05). The haemodynamic effects of lidocaine and
fentanyl were independent of each other. Complications
occurred in all groups. Lidocaine-treated patients had fewer
cardiac dysrhythmias (P < 0.05) and 34 per cent of them had
tinnitus. Fentanyl-treated patients had a higher incidence of
hypotension (P < 0.05). Respiratory depression developed in
only one per cent of the fentanyl-treated patients. Both lidocaine
and fentanyl are recommended adjuncts to induction of anaes-
thesia with thiopentone in geriatric patients.
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The sympathetic response to laryngoscopy and tracheal
intubation and its pharmacological modification has been
well documented in healthy patients.' The geriatric
patient is at particular risk of developing complications
during induction of anaesthesia, because of a high
incidence of symptomatic and asymptomatic cardiovas-
cular disease. The modification of the pressor response to
laryngoscopy and intubation may attenuate this response
but may also result in hypotension and bradycardia after
the sympathetic response has subsided.

We sought to determine (1) whether 1.5 mg-kg™' of
lidocaine attenuates this response, (2) whether low-dose
fentanyl (1.5 and 3 g - kg~ ') attenuates this response, (3)
whether the effects of lidocaine and fentanyl are indepen-
dent of each other, and (4) whether there are complica-
tions (hypotension, cardiac dysrhythmias, and tinnitus)
associated with induction of anaesthesia with thiopentone
(STP) alone or in combination with lidocaine and/or
low-dose fentanyl.

Methods

After ethics committee approval, 150 elective, ASA
physical status I-111 surgical patients of age 65 to 92 years
were randomly assigned to six groups (see Tables I and
II). We excluded from consideration as subjects those
patients who were being treated with sympatholytic
drugs, had an active seizure disorder, severe respiratory
disease (PaCO, > 45 mmHg), gastroesophageal reflux,
or severe cardiovascular disease (Class ITI angina).

Baseline haemodynamic measurements

Ward baseline haemodynamic measurements are the
average of the values obtained upon admission, during the
next nursing shift and on the day of surgery. On arrival in
the operating room the patient’s heart rate (HR), systolic
blood pressure (SBP), mean blood pressure (MBP), and
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TABLE1 Patient characteristics and induction medications (mean = SEM)

No. of Thiopentone Lidocaine Fentany Age Weight
Group patients (mg-kg™") (mg-kg™') fug-kg™’) fyr) (kg)
1 31 3801 - - 72%1 673
2 27 3.5+0.2¢ 1.5 - 74 %1 66+ 3
3 25 2.7%0.1* 1.5 L5 74+ 73+3
4 24 23 0.2+ 1.5 3.0 70 = 11 B
S 21 33 £0.2% - 1.5 731 72%3
6 22 2.5+0.2* - 3.0 75x1 673

* P < 0.05 among groups.
1 P < 0.05 between Group IV and Groups II, Il and V1.

diastolic blood pressure (DBP) were monitored with a
Dinamap® automatic blood pressure cuff. The average of
the first two values, which were obtained three minutes
apart, represent operating room baseline values.

Induction of anaesthesia
During induction of anaesthesia the patients were breath-
ing 100 per cent O, by mask and the automatic blood
pressure cuff cycled every minute. At the beginning of
induction, patients in Groups II-IV received a bolus of
lidocaine (1.5 mg-kg™!) IV; one minute later patients in
Groups I1I- VI received fentanyl (1.5 or 3 ug - kg ™) bolus
IV; and 60 seconds later all patients were given STP at the
rate of 2mg-kg ™' -min ! until loss of lid reflex (see Table
I). Succinylcholine (1 mg-kg ') was then administered.
After relaxation, laryngoscopy and tracheal intubation
were accomplished by the same anaesthetist within 15
seconds. During the induction verbal contact with the
patient was maintained to assess for adverse reactions
(e.g., tinnitus) to lidocaine. Anaesthesia was maintained
for the next 24 minutes with 70 per cent N,O, 30 per cent
0, and one per cent isoflurane delivered through a coaxial
circuit and controlled ventilation was established to
maintain normocapnia.* The patients’ ECG (Lead II) was
monitored by the attending anaesthetist for dysrhythmias
and ST-T changes. Patients were not stimulated during
the observation period (start of the induction to seven
minutes later). At the end of the operation, patients
received naloxone if their respiratory rate was less than
10 min~! or if deemed appropriate by the attending
anaesthetist.

Patients with labile haemodynamic variables were

TABLE Il Patient’s ASA physical status

Group
ASA class 1 2 3 4 5 6
I 1 1 2 3 2 -
n 15 18 9 12 14 9
I , 15 8 14 9 5 13

identified by comparing each patient’s ward baseline
values with the values obtained during the observation
period. Those patients whose HR, DBP, or MBP became
20 per cent greater or less than baseline values and the
patients with a SBP or RPP which were not within a range
of 30%= and 50%=, respectively of baseline were
identified.

Statistical analysis

The data were analyzed using the SAS (statistical analysis
system) General Linear Model Procedure. Between-
group analysis was done using multivariate analysis of
variance, Duncan’s multiple-range test and Bonferroni
multiple t tests. When analyzing among groups with
significantly different baseline values, the baseline value
became a covariate and we reanalyzed the results using
analysis of variance with contrasts. The different compli-
cation rates among groups were analyzed using the Fisher
Exact Test. The incidence of marked haemodynamic
fluctuations among the groups was compared using
chi-square analysis. All results were accepted as signifi-
cant if P < 0.05.

Results

Demographic data appear in Tables I and II. There were
no significant differences for weight, sex, ASA class,
anaesthetic time and laryngoscopy time. By chance the
average age of patients in Group IV was significantly less
than in Groups II, III and VI by Duncan’s multiple-range
test. This occurred because the four patients with an age
>85 years were in Groups II, III and VI. The analysis of
the effects of lidocaine and fentanyl on haemodynamic
variables took into account the age difference.

Barbiturate requirements

Requirements for STP were significantly different among
groups. Fentanyl, 1.5 and 3.0 g-kg™’, decreased STP
requirements by 19 per cent (0.7 mg-kg~') and 35 per
cent (1.3 mg - kg~?) respectively and lidocaine decreased
STP requirements by 13 per cent (0.4 mg-kg™") (see
Table I).
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FIGURE The systolic blood pressure, heart rate and rate pressure
product at rest (time = 0; WB = ward baseline and OR = operating
room baseline), during i of hesia, and before and after
tracheal intubation in patients treated with thiopentone only (Group
1), and in combination with lidocaine (Groups 11-IV), 1.5 pg-kg™*
fentanyl (Groups IIl & V) and 3.0 pg-kg™' fentanyl (Groups IV
and VI).

.

Effect of lidocaine

The protective effect of lidocaine on the induction pressor
response is illustrated in the Figure. Baseline (ward) heart
rates were significantly different between the patients
who received lidocaine and those patients that did not
receive lidocaine. This chance occurrence was overcome
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by using analysis of variance with contrasts. Lidocaine
significantly attenuated DBP, MBP and RPP but its effect
on heart rate was not significant, P = 0.06.

Effect of fentanyl

Fentanyl had a marked and significant effect on all
haemodynamic variables measured after intubation
(Figure).

Labile haemodynamic responses

The Figure illustrates: (1) the patients receiving only STP
(Group I) had a marked pressor response immediately
after intubation and then their haemodynamic values
returned to baseline, and (2) the fentanyl-treated patients
had their immediate post-intubation pressor response
attenvated, but they tended to become hypotensive
several minutes after intubation. The patients with labile
haemodynamic variables were identified (Table III). The
fentanyl-treated patients had less haemodynamic lability
(P < 0.05). A high incidence of stable haemodynamic
variables was observed: (1) immediately after intubation
if the patient received 3 pg - kg ™! fentanyl (Groups IV and
V1), and (2) two to three minutes after intubation if the
patient was given 1.5 pg-kg™! fentanyl (Groups Il and
V). For example, immediately after intubation there were
marked fluctuations of the RPP in 14 per cent and 65 per
cent of the patients in Groups VI and I respectively. Two
minutes later the patients who received 3.0 ng-kg™" of
fentanyl often became hypotensive, resulting in a low
incidence of stable haemodynamic variables.

Complications

The number of patients with each complication is listed in
Table IV. Tinnitus occurred in 26 per cent of the patients
who received lidocaine plus fentanyl and in 48 per cent of
the patients who were given lidocaine only (P = 0.07).
Three of the patients with tinnitus were noticeably
distressed by the ringing in their ears. Lidocaine-treated
patients had significantly fewer cardiac dysrhythmias (P
< 0.05).

Low-dose fentanyl increased the incidence of hypoten-
sion during and after the observation period (P < 0.05).
Systolic hypotension, defined as SBP less than 80 per cent
of the lowest ward SBP, occurred in 35 per cent of the
fentanyl-treated patients, whereas only two per cent of the
no-fentanyl patients developed hypotension. This hypo-
tensive effect was so severe in two patients that the
inhalation agent concentrations were decreased during the
observation period. This relative hypotension was tolerat-
ed well, with no side effects detected. Six of 34 patients
with hypotension had a MBP/HR ratio of less than one,
which is a risk factor for myocardial ischaemia.® One
fentanyl-treated patient had respiratory depression.
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TABLE Il  Frequency of labile haemodynamic variables
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Group
1 2 3 4 5 6
Significance
Value* Timet L Ht L H L H L H L H L H (see §)
HR 1 0 68 4 41 4 36 8 33 0 48 0 14 C
3 0 26 4 19 20 4 25 13 0 14 36 1} -
RPP 1 0 65 Q 44 0 28 4 21 0 38 0 13 C
3 0 45 0 22 0 4 13 4 0 19 9 0 C
SBP 1 0 58 0 52 0 36 8 21 5 29 0 22 C
3 0 45 o 26 ] 12 21 4 5 14 9 9 B
MBP I 0 74 0 67 0 36 13 33 0 57 5 27 C
3 0 68 0 44 8 12 29 8 9 29 36 5 AB
DBP 1 0 74 W] 63 4 44 21 29 0 52 9 31 C
3 3 52 0 41 28 8 50 8 9 24 55 5 -

*HR = heart rate, min~', RPP = rate pressure product, mmHgmin~", SBP = systolic blood pressure, mmHg, DBP = diastolic blood pressure,

mmHg, MBP = mean blood pressure, mmHg.

tL and H represent the respective percentage of patients in each group whose hacmodynamic variables were lower or higher than an “acceptable™
range. Those patients whose HR, DBP, or MBP became 20 per cent greater or less than ward baseline values and the patients with a SBP or RPP which

were not within a range of 30%+ and 50%=, were identified.

$Time = | represents the immediate post-intubation haemodynamic value, while time = 3 is two minutes after time = 1.
§P < 0.05, A = the patients given lidocaine, B = the patients given 1.5 pg-kg™" fentanyl and C = the patients given 3.0 p.g-kg™' fentanyl.

Baseline haemodynamic measurements

Most investigations similar to this study determined
baseline values in the operating room prior to surgery.®
Yet many anaesthetists maintain their patients at ward
haemodynamic variables during anaesthesia, because
these values are more representative of baseline haemody-
namics variables. Ward baseline haemodynamic vari-
ables were lower than operating room baseline values
except for heart rate (P << 0.05). The differences between
SBP, MBP, DBP, and RPP were 19, 19, 12, and 25 per
cent respectively.

Discussion

A stable induction is a major objective in anaesthesia,
especially in the geriatric patient. Each approach at

TABLE IV Complications*

Group
Complication 1 2 3 4 5 6
Cardiac dysrhythmiast 6 1 — 1 2 4
Respiratory depression —  — — 1 _ -
Tinnitus — 13 10 3 - -
Hypotensiont 1 — 7 9 7 10
None 24 13 10 13 14 9

*The number of patients in each group with a complication is listed.
1G lly VPC's; lid -treated pati had fewer dysrhythmias
{P < 0.05, Fisher Exact Test).

$Defined as systolic blood pressure which was lower than 80 per cent
of the lowest ward blood pressure. Fentanyl-treated groups had a
higher incidence of hypotension (P < 0.05).

controlling the haemodynamic response to laryngoscopy
and tracheal intubation has potential problems associated
with it. There have been numerous pharmacological
approaches but we could find only one study of geriatric
patients.® Deep anaesthesia with barbiturates or inhala-
tional agents,” vasodilators,'> beta blockers,®!' and
clonidine'? have been used to modify the pressor re-
sponse. A common approach is the use of narcotics or
lidocaine.

The results of studies on the effect of lidocaine on
induction haemodynamic variables have varied.'3-? Li-
docaine alters the response to laryngoscopy and intuba-
tion by obtunding laryngeal reflexes.?! Lidocaine, which
decreases MAC by 10 to 28 per cent,'” reduced STP
requirements by 13.3 per cent. Haemodynamic values
were significantly modified by lidocaine given 4.27 *
0.25 min (mean * SD) before intubation. In younger
adults the optimal time to administer IV lidocaine before
intubation is approximately three minutes and lidocaine
given one, two and five minutes before intubation had no
beneficial effect.?* The optimal timing of injection of IV
lidocaine before tracheal intubation is unknown in geriat-
ric patients.

Complications occurred frequently among the patients
given lidocaine with 34 per cent of them having tinnitus.
The reported incidence of side effects from similar doses
of IV lidocaine varies from 0 to 100 per cent.?>?* The
dose of lidocaine associated with minima) side effects and
yet clinically effective needs to be established in geriatric
patients.

Low-dose fentany!?*~28 and other narcotics?5~*® have
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been shown to attenuate the haemodynamic response to
intubation. In this study both 1.5 and 3 p.g- kg ™! fentanyl
attenuated the response to laryngoscopy and intubation in
geriatric patients. The higher dose (3 pg-kg™") of
fentanyl resulted in a more dramatic attenuation. For
example, the RPP of Group VI determined immediately
after intubation was 43 per cent less than Group I (STP
only), while 1.5 pg-kg™' fentanyl (Group V) and
lidocaine (Group II) decreased RPP by 30 and 14 per cent
respectively. Chung ez al.* also found a beneficial effect
from 3 pg-kg™' fentanyl under similar circumstances,
except their geriatric patients had higher control haemo-
dynamic values.

This study examined fluctuations of HR, SBP, MBP,
DBP and RPP during the induction of anaesthesia. Other
haemodynamic parameteres which can be measured
include the MBP/HR ratio.>3! The strict control of
haemodynamic variables has reduced myocardial is-
chaemia,® while haemodynamic aberrations, such as
tachycardia, systolic hypertension and hypotension, ele-
vated RPP and MBP/HR ratio of less than one may cause
ischaemia.>"-3° Tachycardia increases myocardial oxy-
gen demand and decreases supply.>* Hypertension in-
creases both demand and supply and thus has a less
predictable effect on myocardial oxygen balance. RPP is
correlated with myocardial oxygen demand and a thresh-
old value of RPP had been cormrelated with the onset of
angina.**-3* During anaesthesia myocardial ischaemia is
poorly correlated with RPP.* Buffington did not observe
myocardial ischaemia if MBP exceeded HR.® In this
study, low-dose fentanyl attenuated the haemodynamic
response to laryngoscopy and tracheal intubation and
decreased the incidence of marked fluctuations of HR,
BP, and RPP, while lidocaine was only observed to
attenuate SBP and RPP. We did not investigate the effect
of low-dose fentanyl, lidocaine and thiopentone on the
ratio MBP/HR. Investigation of the effect of controlling
haemodynamic parameters (HR, BP, RPP and MBP/HR)
on the incidence of myocardial ischaemia in geriatric
patients is indicated.

One problem with other investigations which we tried
to avoid was the comparison of techniques to modify the
induction haemodynamic variables without regarding the
different levels of anaesthesia among the patients being
studied. For example, fixing the dose of STP and using
variable doses of narcotics in order to determine if the
narcotics attenuate the post-intubation haemodynamic
values. As we have shown, lidocaine and fentanyl
decrease the requirement for STP. In addition, geriatric
patients have marked differences in STP requirements.
Titrating the STP to effect takes into account each
patient’s different anaesthetic requirements and the STP-
sparing effect of lidocaine and fentanyl.
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In summary, 1.5 mg-kg™! lidocaine given approxi-
mately 4 to 4.5 minutes before intubation was beneficial
because it decreased STP requirements, attenuated the
pressor response to laryngoscopy and intubation and
reduced the incidence of cardiac dysrhythmias. Lidocaine
also has the added advantage of a short half-life. The best
dose and time of injection of lidocaine before tracheal
intubation in geriatric patients are unknown. Fentanyl
decreased STP requirements, attenuated the response to
laryngoscopy and intubation and decreased haemodyn-
amic fluctuations during induction. Fentanyl had a greater
benefit than lidocaine, but fentanyl-treated patients were
at risk of hypotension several minutes after intubation.
Both lidocaine and low-dose fentanyl are recommended
adjuncts to induction of anaesthesia with thiopentone in
geriatric patients. Further investigation is needed to
examine the effects of other pharmacological approaches
at controlling haemodynamic variables during the induc-
tion of anaesthesia in geriatric patients.
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Résumé

Nous avons mesuré les ¢ q es hémody ques de la
faryngoscopie et de I intubation chez 150 p s de plus de 64
ans qui ient eu une induction de leur hésie avec du

thiopental seul ou en combinaison avec 1.5 mg-kg™! de
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lidocaine etiou 1.5 ou 3.0 pg-kg™' de fentanyl. Le fentany!

U'aug ion des pressions artérielles systolique,
diastolique et moyenne, du pouls et du produit pouls-pression
alors que la lidocaine fit de méme avec lapression artérielle et le
produit pouls-pression (P < 0.05). En plus, les fluctuations
hémod; iques fréq chez les patients agés, furent
moins marquées avec le fentanyl (P < 0.05). Par ailleurs la
lidocaine et le fentanyl agissaient indépendamment I'un de
Pautre. Il 'y eu des complications dans tous les groupes: entre
autres, 34 pour cent de tinnitus mais moins de dysrythmies pour
la lidocaine (P < 0.05) et plus d’ hyp ion pour le fe I(P
< 0.05) qui ne déprima la respiration que dans un seul cas. La
lidocaine et le fentanyl p tdonc étre rec dés a titre de
complément a I induction de I’ anesthésie au thiopental chez les
patients agés.
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