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Lidocaine attenuates
the intraocular
pressure response to
rapid intubation

in children

To determine the effect of intravenous lidocaine on the
intraocular pressure (IOP ) response to laryngoscopy and
intubation, twenty unpremedicated children, ages one to
ten years were studied. After administration of either
intravenous sterile water (control) (n = 10) or preserva-
tive-free lidocaine (1.5 mg-kg™") (n = 10), anaesthesia
was induced with pancuronium (0.15 mg-kg™"), thiopen-
tone (Smgkg™'), and atropine (0.02mgkg™'), and
maintained with halothane, nitrous oxide and oxygen.
The trachea was intubated one minute after administra-
tion of thiopentone. IOP (measured by applanation
tonometry), heart rate, and systolic blood pressure were
measured at the time of loss of the eyelid reflex (time 0),
immediarely after endotracheal imubation, and each
minute thereafter for five minutes. In the control group,
10P increased (27 per cent) significantly after intubation
{p < 0.05), whereas in the lidocaine group, IOP did not
increase (9.8 per cent) significantly after intubation. IOP
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decreased below time 0 values within three minutes after
loss of the eyelid reflex in the lidocaine group (p < 0.05 ).
At each measurement (except time 0), IOP was signifi-
cantly greater in the control group than in the lidocaine
group (p < 0.05). Heart rate and systolic blood pres-
sure did not increase significantly in either group
after intubation. We conclude that intravenous lidocaine
(1.5 mg-kg™") significantly attenuates the IOP response
to laryngoscopy and intubation in children anaesthetized
with pancuronium, thiopentone, and atropine.

The drug regimen: thiopentone, atropine, and pan-
curonium is currently recommended for induction
of anaesthesia in children with full stomachs in
whom an increase in intraocular pressure is unde-
sirable.!'? Pancuronium is the muscle relaxant of
choice in these children because its onset of action is
more rapid than either d-tubocurare or galla-
mine,*>~% and, in contrast to succinylcholine,®~? it
does not increase intraocular pressure when used in
doses up to 0.15 mg-kg™'.33-10-1% Although pan-
curonium itself does not increase intraocular pres-
sure, laryngoscopy and tracheal intubation during
light anaesthesia with thiopentone and pancuro-
nium may increase intraocular pressure to the same
extent as thiopentone and succinylcholine.®'* To
attenuate the increase in intraocular pressure during
laryngoscopy and tracheal intubation, the optimal
drug sequence must provide both deep general
anaesthesia and profound muscle relaxation during
this period.

High dose pancuronium, 0.15mg-kg™', facili-
tates rapid tracheal intubation in patients with full
stomachs. It has been suggested that the speed of
onset of muscle relaxation is as rapid with pancuro-
nium 0.15mgkg™' as with succinyicholine.'?
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However, it is our impression that muscle relaxa-
tion in children develops more slowly with pancuro-
nium 0.15 mg-kg~! than with succinylcholine.* To
allow sufficient time for the onset of relaxation with
pancuronium, we administer pancuronium before
thiopentone. Accordingly, we recommend the drug
sequence of pancuronium 0.15 mg-kg™!, followed
by thiopentone and atropine at the earliest sign of
weakness, in order to provide both deep general
anaesthesia and profound muscle relaxation during
laryngoscopy and intubation. Although we advo-
cate this drug sequence in children with full
stomachs in whom an increase in intraocular pres-
sure is undesirable, the effectiveness of this se-
quence to attenuate the increase in intraocular
pressure during laryngoscopy and intubation has
not been established.

Intravenous lidocaine reduces the anaesthetic
requirements'® and attenuates many autonomic
reflex responses during general anaesthesia. Intra-
venous lidocaine attenuates the cough reflex during
light anaesthesia,'” attenuates the increase in intra-
cranial pressure during tracheal suctioning,'®:'? and
attenuates the increases in heart rate and blood
pressure during laryngoscopy and endotracheal
intubation.?® Because the increase in intraocular
pressure during laryngoscopy and intubation is
believed to be a reflex response,’ intravenous
lidocaine may also attenuate this response.

To determine whether intravenous lidocaine at-
tenuates the intraocular pressure response to laryn-
goscopy and tracheal intubation in children anaes-
thetized with pancuronium, thiopentone, and atro-
pine, we measured intraocular pressure, heart rate,
and systolic blood pressure during induction of
anaesthesia, laryngoscopy, and tracheal intubation
in 20 healthy children.

Methods
With approval from our human studies review
committee, informed written consent was obtained
from the parents of each child prior to anaesthesia.
Twenty children, ages one to ten years, ASA
physical status one or two, fasting, and unpre-
medicated were studied. All children were sche-
duled for minor surgery lasting 1% hours or longer,
and requiring tracheal intubation. Children were

*Cunliffe M, Lerman J, McLeod ME, Burrows FA.
unpublished data.
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EXPERIMENTAL PROTOCOL

IV LIDOCAINE (1.5 mg/Kg) or WATER
PANCURONIUM (0.15 mg/Kg)
THIOPENTONE/ATROPINE

IOP (LOSS OF EYELID REFLEX)

INTUBATION - IOP -- HALOTHANE/N;0/05
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FIGURE 1 The drug scquence during induction of anaesthesia

is shown on a line diagram. Time 0 measurements were
recorded at the loss of the eyelid reflex. At each minute,
intraocular pressure (IOP), heart rate, and systolic blood pres-
sure were recorded.

excluded from the study if there was a history of
intraocular disease, a history of neuromuscular
disease, renal or hepatic insufficiency, or if a
difficult intubation was anticipated.

On arrival in the operating room, each child was
monitored with an electrocardiogram, precordial
stethoscope, and blood pressure cuff. After a #25
gauge butterfly needle was inserted into the dorsum
of the hand, either sterile water (2ml) (control)
(n=10) or preservative-free lidocaine (1.5
mg-kg™") (n=10) was administered (Figure 1).
The “deadspace” in the butterfly needle was flushed
with 2ml of sterile water after each drug was
administered. Each child was instructed to hold an
arm straight up in the air. Pancuronium (0.15
mg-kg™') was then administered intravenously.
When the earliest sign of muscle weakness ap-
peared (waivering or loss of coordination in the
hand, wrist, or arm of the extended extremity), a
mixture of thiopentone (5mg-kg~') and atropine
(0.02mg-kg~!) was administered. For those chil-
dren too young to co-operate by extending an arm,
thiopentone and atropine were administered approxi-
mately 15 seconds after pancuronium. After venti-
lating with 100 per cent oxygen by mask for one
minute, the trachea was intubated rapidly and
atraumatically with a straight laryngoscope blade of
appropriate length. External pressure on the eye
was avoided at all times. Ventilation was controlled
mechanically (peak inspiratory pressure less than
20 cm H;0) with halothane (1.0-1.5 per cent dial
setting) in a nitrous oxide/oxygen (70/30) mixture
to maintain normocapnia (end-tidal PCQO, between
35-40mmHg) (Puritan-Bennett carbon dioxide
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TABLE

Systolic
Patient Age Weight {OP* Heart rate* blood pressure*
groups (yrs) tkg) (mmHg) (bpm) {mmitg)
Lidocaine (n = 10) 5007 182 154x1.4 1497 11 x4
Sterile water (n = 10) 5.6x1.1 214 18.2+0.85 149+ 7 1155

Mean = S.E.
I0P = intraocular pressure.
*At loss of the eyelid reflex.
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FIGURE 2 The intraocular pressure response during induction
of anaesthesia in two groups of children: one group was
pretreated with sterile water (O) (control), while the second
group was pretreated with 1.5 mg-kg™! intravenous lido-

caine (®). In the group pretreated with sterile water, intraocular
pressure increased significantly above control values after
laryngoscopy and intubation (Time — 1 min), whereas in the
group pretreated with intravenous lidocaine, intraocular pressure
did not increase significantly after laryngoscopy and intubation.
Mean = S.E. *p < 0.05 differ from control values. Tp < 0.05
differ between the two groups.

monitor). Positive end-expiratory pressure was
avoided. Each patient was supine and horizontal
throughout the study period.

Intraocular pressure, heart rate, and systolic
blood pressure were measured at the time of loss of
the eyelid reflex (time 0), immediately after intuba-
tion (within 10-20 seconds), and each minute
thereafter for five minutes (Figure 1). After a drop
of fluorescein solution was placed in one eye, the
eyelids were separated with a paediatric lid specu-
lum and the intraocular pressure was measured with
a hand-held Perkins applanation tonometer. 2! After

each measurement, the fluorescein solution was
irrigated from the eye with a balanced salt solution.
Heart rate was recorded on a Hewlett-Packard
78342A monitor. Systolic blood pressure was
measured by palpation with a Riva Rocci occlusive
cuff. Intubating conditions were judged by the
anaesthetist according to the criteria of Lund and
Stovner.?? Surgical incision followed completion
of the study.

Intraocular pressure was measured by one ob-
server and anaesthesia administered by the second
observer.

Statistical significance (p <0.05) was deter-
mined using the Bonferroni t test,®® two-way
ANOVA, and the Student-Newman-Keuls multiple
range test.?*

Results

The demographic data and control values for
intraocular pressure, heart rate, and systolic blood
pressure did not differ significantly between the two
groups (Table}.

In the control group, intraocular pressure in-
creased (27 per cent) significantly above time 0
values after intubation (p < 0.05) whereas, in the
lidocaine group, intraocular pressure did not in-
crease (9.8 per cent) significantly above time 0
values after intubation (Figure 2). In the lidocaine
group, intraocular pressure decreased significantly
below control values by three minutes (p < 0.05).
Intraocular pressure was significantly greater in the
control group than in the lidocaine group at all times
(p < 0.05), except time 0.

Heart rate and systolic blood pressure did not
increase significantly above time O values in either
group, although systolic blood pressure did de-
crease significantly below control values by four
and five minutes in the lidocaine group (p < 0.05)
(Figures 3 and 4). Heart rate and systolic blood
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FIGURE 3 Heart rate did not change significantly after induc-
tion of anaesthesia, laryngascopy, or intubation in either group.
Mean = S.E.

pressure did not differ between the two groups at
any time (Figures 3 and 4).

The mean (= S.E.) PCO; in the control group,
39 = 0.6 mmHg, did not differ significantly from
the PCO, in the lidocaine group, 36.9+0.9
mmHg.

Intubating conditions were excellent for each
child in both groups: the vocal cords were midposi-
tion and fixed, and there was no bucking, or
coughing when the endotracheal tube was inserted
into the trachea. There were no ophthalmological,
anaesthetic or neurological complications in this
study.

Discussion
Intravenous lidocaine (1.5 mg-kg~') significantly
attenuates the intraocular pressure response to
laryngoscopy and tracheal intubation in healthy
children anaesthetized with pancuronium, thio-
pentone, and atropine when the lidocaine is ad-
ministered approximately 75 seconds before laryn-
goscopy (i.e., immediately before induction of
anaesthesia). The effectiveness of intravenous lido-
caine in this study is consistent with previous
reports in which lidocaine attenuated other reflex
responses.'0~2"  Although lidocaine attenuates
many autonomic reflex responses, it does not
prevent the direct increase in intraocular pressure
caused by succinylcholine.?>-26 Thus, intravenous
lidocaine effectively attenuates the increase in
intraoccular pressure which occurs during laryngos-
copy and tracheal intubation in children.

Itis commonly assumed that the drug sequence of
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pancuronium (0.15 mg-kg™") followed by thiopen-
tone (5 mg-kg~"), and atropine (0.02 mg-kg™") pre-
vents increases in intraocular pressure because it
produces both deep general anaesthesia and pro-
found muscle relaxation during laryngoscopy and
tracheal intubation. The drug sequence, pancuro-
nium, thiopentone, and atropine does provide deep
general anaesthesia during tracheal intubation be-
cause it prevents significant circulatory responses to
laryngoscopy. However, this drug sequence does
not prevent significant increases in intraocular
pressure (27 per cent) during laryngoscopy even
though normocapnia is maintained,?” and positive
end-expiratory pressure®® and external ocular pres-
sure are avoided. This differential response to
laryngoscopy and intubation suggests that caution
should be exercised when extrapolating the re-
sponse of one variable (i.e., intraocular pressure)
from the response of other variables (i.e., circula-
tory variables). The drug sequence pancuronium,
thiopentone, and atropine does not prevent signifi-
cant increases in intraocular pressure during laryn-
goscopy and intubation in children.

Transient increases in intraocular pressure in
children with penetrating eye injuries may further
damage the already injured eye. The extent of this
further damage depends on the size, severity, and
location of the penetrating wound, and the magni-
tude of the increase in intraocular pressure. Because
the full extent of the existing ocular injury cannot
often be determined before anaesthesia, any signifi-
cant increase in intraocular pressure is undesirable.
The complications of increases in intraocular pres-
sure in children with open eye injuries include
prolapse of intraocular structures such as uveal
tissue, lens, vitreous, and retina. If intraocular
structures prolapse, they must often be removed
surgically. This decreases prognosis for recovery of
vision. Prolapse of vitreous humor into the anterior
chamber of the eye may cause glaucoma, retinal
detachment, and corneal decompensation. The drug
sequence recommended for induction of anaesthe-
sia in these children will minimize any significant
increase in intraocular pressure and reduce the
associated ocular complications.

The administration of high dose pancuronium
(0.15 mg-kg™?) is not without risk in some children.
High dose pancuronium is absolutely contraindi-
cated in those children in whom a difficult intuba-
tion is anticipated and relatively contraindicated in
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FIGURE 4 Systolic blood pressure did not increase signifi-
cantly after induction of anaesthesia, laryngoscopy, or intuba-
tion in either group. In the group pretreated with intravenous
lidocaine, systolic blood pressure decreased significantly*

(p < 0.05) below control values at 4 and 5 min. Mcan * S.E.

children in whom tachycardia and hypertension are
undesirable or in children with renal failure or
severe neuromuscular disease.

The induction technique described here requires
a secure intravenous route. The loss of intravenous
access between administration of pancuronium and
thiopentone could produce awareness and possibly
recall. Intravenous access could be lost if the
intravenous became interstitial or if thiopentone
mixed with trace amounts of residual pancuronium
present in the intravenous. In the latter case,
thiopentone could precipitate out of solution, and
occlude the intravenous.t In order to prevent this, the
intravenous tubing must be flushed with a crystal-
loid solution between administration of the pan-
curonium and thiopentone. The risk of awareness
with this drug regimen underscores the necessity for
both a secure intravenous and a thorough flush of
the intravenous after administration of each drug.

The rapid intravenous administration of 1.5
mg-kg~! lidocaine may produce hypotension, ar-
rhythmias, and seizures.’*=32 Although intrave-
nous lidocaine is not commonly associated with
complications during induction of anaesthesia, in-
travenous lidocaine should be administered slowly
(over a period of 20-30 seconds). This will reduce

tMorton Wm, Lerman J. Unpublished data.
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the peak venous concentration and minimize the
risk of transient systemic complications.?°-*!

The intubating conditions for both groups of
children paralyzed with pancuronium 0.15 mg-kg™!
were excellent. When pancuronivm Q.15 mg-kg™'
is administered approximately 15 seconds before
thiopentone, profound muscle relaxation appears to
coincide clinically with the maximum depth of
anaesthesia at 50-60 seconds after thiopentone.

Intravenous lidocaine (1.5mg-kg™!) signifi-
cantly attentuates the intraocular pressure response
to laryngoscopy and tracheal intubation in children
anaesthetized with pancuronium (0.15 mg-kg™"),
thiopentone (5 mg-kg™"), and atropine (0.02
mg-kg~1). This drug sequence is recommended for
induction of anaesthesia in children with full sto-
machs in whom an increase in intraocular pressure
is undesirable.
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Résumé

Afin de déterminer Ieffet de I'administration intra-
veineuse de lidocatne sur fa pression intra-oculaire (TOP)
lors de la laryngoscopie et 'intubation, vingt enfants
non-prémédiqués, dgés de un d dix ans ont été étudiés.
Aprés I'administration intraveineuse soit de I'eau stérile
(contrdle) (n = 10), ou de lidacaine sans préservatif (1.5
mg-kg™') (n = 10), I'anesthésie a é1é induite avec du
pancuronium (0.15 mg-kg™'), thiopentone (5 mg-kg™"),
et atropine (0.02 mg-kg™'). L’ anesthésie a é1é maintenue
avec I' halothane, le protoxyde d'azote et {'oxygéne. La
trachée a été intubée aprés une minute de ! administra-
tion de thiopentone. I0P (mesurée par tonométrie), la
fréquence cardiaque ainsi que la tension artérielle
systolique ont été mesurées lors de la perte du réflexe
ciliaire {temps 0), immédiatement aprés intubation en-
dotrachéale et par la suite a chaque minute pour cing
minutes. Dans le groupe contrdle, U'IOP augmenta (27
pour cent) significativement aprés intubation (p < 0.05),
alors que dans le groupe lidocaine, 'IOP n'a pas
augmenté (9.8 pour cent) significativement aprés I'in-
tbation. L' IOP adiminué en bas des valeurs obtenues au
temps 0 en dedans de trois minutes upres la disparition du
réflexe ciliaire dans le groupe lidocaine (p < 0.05). A
chaque mesure (excepté au temps 0), I'IOP était sigai-
ficativement plus grande dans le groupe contréle que
dans le groupe lidocaine (p < 0.05). La fréquence
cardiaque ainsi que la tension artérielle systoligue n’ ont
pas augmenté significativement dans aucun des groupes
aprés intubation. On conclut que I'administration intra-
veineuse de lidocaine (1.5 mg-kg™') atténue significa-
tivement I'IOP en réponse a la laryngoscopie et I intuba-
tion chez les enfants anesthésiés avec pancuronium,
thiopentone et atropine.



