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A varietry of ocular stimuh produce vanation m th

alteration m rhythm These changes are commonly re
reflex Cardiac slowing after pressure on the eyeballs

by Aschner! and Dagnim? in 1908 Aschner! carried

by animal experimentation, he divided the oculg

facial, auditory, and trigeminal nerves and found th
was necessary for this reflex to occur He stated
carried by the ophthalmic branch of the trigeminal n
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e heart rate with or without
teried to as the oculocardiac
was independently reported
out a thorough mvestigation
motor, trochlear, abducens,
1t an mtact trigeminal nerve
that the afferent mmpulse 1s

erve and from here 1t passes

to the vagal centres The efferent impulses to the heart are transmitted by, the

vagus nerve

The mpoitance of the oculocardiac reflex was realized when Sorenson and

Gilmore? 1n 1956 reported that tiaction on the medial

arrest m a patient, which reverted to normal upon 1
cardia or cardiac arrhythmias occurred m each of 1

the extraocular muscles were stretched XKirsh* in 1

rectus muscle caused cardiac
elease of the muscle Brady-
6 additional cases whenever
058 reported a fatal cardiac

arrest which followed manipulation of the extraocular muscles This prompted

him to investigate the oculocardiac reflex more fu
cardiography i a study of 50 cases, he found that a v
produce sigmficant electrocardiographic changes anc

general anaesthetic o1 the use of local anaesthesia
of the reflex Conversely, Reed and McCaughey® in

llly Utiizing senal electro-
arlety of ocular stimuli could
1 that the depth and type of
did not affect the sensitivity
1962 noted that hght anaes-

thesia in conjunction with controlled or assisted respiration favoured the produc-
tion of the oculocardiac reflex As repoited in a paper by Schamroth® m 1958,
the apphcation of pressure to the eyeballs of 28 conscious patients without local
anaesthesia caused sinus bradycardia m all mstances, plus a shift of the primary
pacemaker mn 18 Reid” mn 1952 stated that m a normal heart, vagal stimulation
produces no serious consequences, but that anaesjthesm renders the heait as
vulnerable to increased vagal tone as does the presence of diffuse organic lesions

Berler,® mn a survey of the literature, reports that

electrocardiographic changes

occurred m 139 out of 265 patients, an incidence of 50 per cent However, pnly

four patients of his own senes of 25 demonstrated an

ioculocardlac reflex following

ocular manipulation According to Rhode? the reflex 1s positive 1n 90 per cent
of children under 15 years of age Fulton!” states that vagal tone 1s at a
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maximum during adolescence and ear@y ac
probably accounts for the high mcidence
during strabismus surgery

The vagal effects on the heart have varied from simple smus bradycardia
described by Reed® in his series of 77 patients, to SA block, sinus arrest,
wandering pacemaker, nodal and bigemmal rhythms reported by others ¢ 8

There 1s considerable difference of opmion regarding the impoitance of this
reflex Berler® and Taylor'! consider 1t transient and of hittle significance However,
a survey by Kirsh? of eight major hospitals mn the Umited States led him to
the conclusion that fatal cardiac arrest occurs once m 3500 cases of ophthalmic
surgery Gartner and Billet!? estimate a total of 45 deaths a year i the United
States during or following eye surgery They mention that the majority of these
were due to mtubation or as a result of respirator y complications

Two methods have been advocated in the prevention of this reflex Kirsh*
Mallmson,*®* and Berler® find retrobulbar block to be completely effective Thus
was not substantiated 1n reports by Reed® and Bosomworth,* who found intra-
venous atropimne to be most effective Routine premedication with atropimne has
hittle effect 1n preventing the oculocardiac reflex according to several authors 5 814
The dose of mtramuscular atropine necessary to produce almost complete vagal
blocking m an adult 1s 2 0 milligrams, which 1s three times the usual premedicating
dose 1% 18 In addition Walton,'” Deacock,'® and Reed® have found that gallamine
gives partial protection from the oculocardiac reflex

The study reported here was mmtiated by the high mcidence of bradycardia
which we have noted during strabismus surgery, and we decided to test the
effectiveness of retrobulbar blocks 1n 1its prevention While observing one of our
earher patients we noted complete 1ecovery from marked bradycardia when
tension was madvertently mamtained on the medial rectus muscle for a period
of 40 seconds The muscle hook was removed without further alteration in the
rate A survey of the literature revealed that after precipitation of an oculocardiac
reflex, normal rate and rhythm occurred following the release of muscle tension
or pressure on the globe There were, however, three reports indicating that this
reflex was self-limiting 11171 We then directed our investigation towards the
effect of continued extraocular muscle traction on the oculocardiac reflex

lulthood. The physiological vagotoma
of bradycardia observed in children

METHOD

The investigalion was carried out on 66 healthy patients during surgical
correction of strabismus They ranged m age fiom 1 to 32 years with a mean of
64 years This 1s an age group where reflex activity can be expected 1o be
relatively high

Premedication was given one hour preoperatively and consisted of intramus-
cular mependine, one milhgram per pound, and atropine sulphate 02 to 04
milhgrams depending on the weight and age ol the child Patients over six years
of age were mduced with mntravenous thiopentone, 25 milhgrams per pound,
followed by succinylchohne, 035 milhgrams per pound After ventilation with
oxygen, and when muscle relaxation was satistactory, an endotracheal tube was
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and oxygen 1 litre with 1 per cent halothane Vlfntll« tion was controlled usmg
a sem closed circle absorber techmque Children under the age of six w e
mduced with mitrous oxide, oxygen, and halothane until they fell asleep At jus
time thiopentone was gwven mtravenously and the reLmamder of the techmq}‘ue
was the same as for patients over six years of age

Intrabronchial carbon dioxide concentration was monitored contmually by
means of a 38 F nylon catheter threaded through the endotracheal tube, and
leading to a Beckman, Spinco model LB-1 medical gas analyser Random ntia-
bronchial oxygen samples were measured by a Clarke electrode Artenal blood
samples were taken where feasible and analysed 'for oxygen and carbon dioxide
content usimg the Astrup techmque These results coiresponded closely to those
obtamed for the mtrabronchial gas samples

A standard lead 2 electrocaidiographic tracing 'was recorded throughout
various manipulations, which mcluded deliberate piessure on the eyeballs  of
26 patients, mntubation of 9 patients, and traction on the extraocular muscles of
all patients The heart rate was calculated from the tracing before, during, and
after the stumulus, on the basis of any two consecutive beats The incidence| of
reflex disturbances would have been much lower had the rate been measured
over a 10-second interval, because slowing would have been much less apparent
Cardiac arrest, if 1t had occurred, would 1n all prob.[tblhty have been preceded
by only a few slowed beats 5 20 Therefore, any slowing of the pulse rate, if even
for a few beats, 1s sigmficant The oculocardiac reflex was considered to be
present when there was either a conduction defect, or an abrupt decrease i
heart 1ate by more than 10 per cent The time of onset and the duration of the
reflex, as well as the time of maximum slowing of rate, were measured The types
of arrhythmias and conduction defects were recorded, and the effect of repeated
traction on the muscles was noted

inserted Anaesthesia was maimtamed with a mixturE of mitrous oxide 1 litre

ResuLts

Pressure on the eyes of 8 conscious patients profvoked a bradycardia m 2
During anaesthesia 5 of these patients, mcluding the ongmal 2, responded to
extraocular muscle traction with a smus bradycarfha Bradycardia following
orbital pressure developed m 5 of 18 anaesthetized pthxents Subsequently, extra-
ocular muscle traction produced bradycardia m 10 of these patients, 5 of whom
had already responded to orbital pressure Continuous electrocardmgraﬁhlc

recording during mtubation of 9 patients did not demonstrate any changes in
cardiac rhythm, yet 6 of these patients developed an ¢culocardiac reflex following
eye muscle traction

Table I summarizes the mcidence of oculocardiac reflex Forty-four of thej 66
patients developed changes m cardiac rhythm following extraocular muscle tiac-
tion Fifteen of these were simple sinus bradycardia; The remaining 29 patients
developed, in addition to mitial sinus bradycardia, various abnormalities mcﬂud-
mg S A bloek, wandering pacemaker, nodal and bigeminal rhythm The mean

time of onset of cardiac abnormalities was 19 seconds with a range of 1 to 5
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"TABLE I
CrANGES IN CARDIAC REYTHM FOLLOWING EXTRAOCULAR MUSCLE TRACTION

Total number of cases 66

Number of cases showing O C|R 44

Types of O C R observed ;
Sinus bradycardia 44 100 %
S A block 2 45
Wanaering pacemaker 15 86 4
Nodal rhythms 23 52
Bigeminal rhythm 2 45

seconds The mean maximum slowmng of rate occurred at 53 seconds with
a range of 2 to 15 seconds

Continuous eye muscle traction caused fatigue of the oculocardiac reflex with a
return to the normal rate and rhythm 1n all cases Two of these are illustrated
in Figure 1 The mean duration of cardiac disturbances was 48 4 seconds with
a range of 8 to 288 seconds

The effect of repeated muscle traction on the duration of the oculocardiac
reflex was observed It was noted that the shorter the period between the first
and second muscle tractions, the first having been mamtained until the reflex
was fatigued, the shorter would be the duration of the oculocardiac reflex
produced by the second Conversely, the longer the delay before the second
traction was applied, the more likely the reflex was to become fully active once
agamn This 1s illustrated in Figure 2, Whl%Ch represents the findings in 20 patients.
The recovery of the reflex 1s shown here as a percentage This figure was
obtamed by measuring the duration of reflex changes after ;imtial traction,
and comparing this with the duration of reflex changes after a second traction
which followed a measured rest interval These observations are not statistically
of value because of the small number of patients mvolved, but they do give an
mndication of the effect of repeated extrapcular muscle traction after varymg rest
periods

Discyssion

and 1s responsible for the imtiation of the heart beat The rate 1s normally modi-
fied by antagomstic tonic mmpulses mediated by the vagus and sympathetic
nerves Impulses from the cardio-mhibitory centre of the bramn stem reach the
heart through the vagus nerve The VaEal fibres enter the wall of the atrum
and synapse with ganglion cells, the postganghonic fibres then supply both the
S A and A V nodes and the base of the ventricles

The normal cardiac impulse ongmnates i the S A node and 15 propagated
through the wall of the atrium and reaches the AV node, fromh here 1t passes
through the bundle of His, the nght and left branches, mto the ventricular
muscle 1 a regular sequence Reflex stimulation of the cardipc vagr due to
ocular mampulation causes an mhbitory effect on the heart, which 15 most
marked on the upper portion of the S Al node and the atrium This results in a
decrease 1n rate or cessation of the heart beat, which may return to normal,

The smoatrial node mamfests the hlgjgest degree of rhythmicity m the heart




EH?EH pue 9jBI [EULIOU 0} UINJSI B SISNEd UOGORI} POUIBISNS ‘UONJRI} S[OSNW IB[NOORII¥ JUIMO[[0] Mapol IBIPILOO[NO UL
pojenisuowsp oym sjuonned om) jo wﬁ:ﬁnooou oﬁmﬁwoﬁﬁhmoobomﬁo SNONUIUOY) XIPSI IPIPILIO[II0 9} JO aNTIP,] [ AW

lld‘ut!.l.i s

= s
3 S S O i h.1 : m.y 3 3 t".m.;. K - sk -
ok A f§ . NE EREESENS IR} S
o4 ; 3 dept 27

2R EEREE T SN REREEERne

b= B Sk R mt o fh ERE e 0T

ki P i SN e Vi) Sty e w e

- i af - = 3 H -3

- .,\.-.sn -lw. g - i ..-lm s W .... n-_‘.w

= % Tt F E = I B EES
: I i L b I iy aa

3 i ¥ 13 m w T w | A ¥ == .. 1
- i g
— 12 w PE P i et
b - LRI e |
;. f T o ¥ (N
: S0 P TN B T <
= % + ¢ ¥ . * H E
= L 3 1.1
= =~ ¥ - VT " - L K s I 3 e Dy
" ot " T & I = s
c = B F 3 s s
R T N -8 T iy LTIt
o ; " . > oot = 4
IR E N REEERES E SN NI
- : e o e n £ s asroniemtns e o ‘- - -
o - o g T e e w - - B . -

THOT

Bty
o}

t
-

4
4

il 3
Il

£

F 3 1 4 " i
3 3 " . 3 ] N ; s
BB ER X -
e T ~ x - (

— T - !
W e L g s e i e "
- o - PR . I(.\

B 5 N O O O O S O A D N Y
re EREEEEL N T F 5 e ”_ = } Y . MJ ¥ m - ~
ke . 4 3 1. ‘EREEIAE 1 4 ¥ N i f H
" - P e e e i — ey r o
u_ A o MEN .3 4 11 NP N TN =
5 S 3. p g
= A ¥ A 8 NS L ] ok h & e SR 3 m Ms.
T ) L B S T 4 O % 3 0 5 LEESR LI LT I A
L 5 K T - 4 s » o g L o ¥ A g o
" 1 4 o o P I N B B Oy e
4 ” : = I ek e M rR LTI
# L § . ¥ g nw. 3 ,.w w TR o > i £ S T i & o o =
- H t




626 CANADIAN ANAESTHETISTS SOCIETY JOURNAL

%
IOOW

Recovery of Reflex
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Waiting Period (minutes)

Ficure 2 Recovery of the oculjcardlac reflex after fatigue

or to a downward shift of the pacemaker to the tail of the SA node, or to the
AV node Examples of these airhythmias|are shown 1n Figure 3

Swinus Bradycardia

Since the effect of mcreased vagal tone Js most marked on the upper regions
of the S A node and on the conduction time through the atria, the most common
arrhythmia noted 1s sinus bradycardia This series showed that sinus bradycardia
was present 1 all cases mn which an oculocatdiac reflex occurred Fifteen of these
returned to normal and the remainder pirogressed to arrhythmias due to further
depression of the pacemaker

S A Block

Simoatral block 1s due to an actual physiological block within the S A node
There 1s a sudden decrease in rate, usually to half the previous rate, although,
three, four, or more beats may be dropped, resuliing m atrial standstill However,
the PR nterval 1s normal This 1s demonstrated i Figure 4

Wandering Pacemaker

Increased vagal tone depresses the rhythmicity of the S A node, resulting m a
shuft of the pacemaker to lower portions of the S A node or to various levels n
the AV node There 1s a return to normal with decrease n vagal tone Shift of
the pacemaker causes an alteration m the size, shape, and direction of the
P waves, the PR interval, and the rate The P waves become flat as the pace
maker moves mto the tail of the SA node When the pacemaker shifts to the
AV node the PR interval shortens, because of the proximty of the pacemaker
to the ventricles This progressive shortening of the PR interval can continue
until the P wave 1s buried 1 the QRS complex or shows up in a retrograde fashion
between the QRS and T complexes Alteration mn rate 1s due to suppression of
one pacemaker while another takes over
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Ficure 3 Cardiac arrhythmias due to vagal stmulation A sinus bradyecardia B wandernng
pacemaker (1) m smnoamal node (2) i atnoventricular node C A-V nodal rhythms (1)
upper nod | {2) mud nodal (3) lower nodal D ventricular bigeminy

AV Nodal Rhythm

The AV node possesses a high degree of rhythmicity only shghtly less than
that of the S A node and will become the pacemaker of the heart if the rhyth
micity of the S A node 15 depressed below that of the AV node
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Ficure 4 Sinoatnial block with A V nodal escape Note S A block following fifth QRS complex which
158 equal to two cycle lengths S A block equal to three cycle lengths occurs aft r the sixth QRS com

plex this 15 termmated by nodal escape beats

The AV node 15 a relatively long|styucture and the electrocardiographuc
changes appear to depend on the levelsat which the impulse arises When the
focus 1s at the atrial end the mmpulses travel down mto the ventricle as well as
up nto the atrza The distance to the atna 1s shorter so the impulse armves there
first causing the P wave to precede the QRS complex Since 1t 15 spreading m a
retrograde fashion into the atria the P wave 1s mverted The focus 1s closer to
the ventricles than 1s the SA node so the PR interval 1s shorter than normal
this 15 upper nodal or coronary smus rhythm In lower nodal rhythin the focus
15 at the ventnicular end of the AV node and the ventricles are activated and
contract before the atria The P wave will follow the QRS or ventricular complex
but will be mnverted because of the retrograde spread through the atria The
P wave appears to be absent when the impulse irises in the centre of the node
begcause 1t 15 buried in the QRS complex

Ventricular Bigeminy

Ventnicular bigeminy occurs when a normal beat 1s followed regularly by a
ventnicular premature systole The premature ventricular systole 15 not preceded
by an atrial contraction and 1s usually followed by a rclatively long pause
called the compensatory pause This pause may not be present »f the heart
rate 15 slow because the ventricles will have recovered from thewr refractory
period by the time the next atrial impulse arrives

The mechamism of this phenomenon 1s debatable although the re entry
theory recerves most support An increase of vigotonir may cause depression
of ventricular contractibity ! According to Bellet a given are1 of heart muscle
may fail to respond to the normnlly conducted mpulse but by the time the
impulse has reached the terminal portion of the ventride the depressed are:
1s Tesponsive and forms a new ectopic impulse This impulse excites the norm il
myocwdium and forms an ectopic beat Schumoth acports that venbiculn
bigeminy following eyeball compression occurs most froquently m pitients with
heart disease recenving digitilis Lamb * reports that thiy mihvthmin may occur
1n patients following the release of bre dh aftor prolon odom pirition

4V Nodal Lycape

\ceording to Bellet depression of the S A nod 0 soltin, panads of
sinus <rrest 18 a potentidly dancerons sitioen Th anhorent shy thamaty of
the 3V node asscrtsatsclf tollowing o penod of divd  Loisdsall wd prodnc

vsingle nodl escpe bt which mo borep ot Vita, 1 Th ORS conpl o
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m nodal escape 1s normal, and P waves are absent This 1s a very mmportant
homoeostatic defence mechanism because i 1ts absence a pacemaker m the
ventricle would take control of caidiac rhythm at a much slower rate Failure of
this ventricular escape would result in cardiac arrest Our observations mdicated
that the time of maximum slowmng of rate 1s 53 seconds following muscle puh
and after this time the rate and rhythm return to normal slowly

It 1s the contention of many writers that hypercarbia,? hypoxia,®>® or both!
make the heart more susceptible to vagal stmuli In 66/6 per cent of our patients,
however, the oculocardiac reflex was noted while pCO, and pO; levels wete
within normal hmits The effect of the anaesthetic agent mn the production of
arrhythmias must be taken into account Laver? reports an altered sequence of
AV activity resuling m nodal rhythm durmg halothane anaesthesia We had
four patients, not m this series, who exhibited nodal rhythm during halothane
anaesthesia The rhythm reverted to normal when the concentration of halothane
was decreased We must therefore appreciate the possible role of halothane m the
production of the oculocardiac reflex

Fatigue

The heart rate and rhythm in patients exhibiting the|oculocardiac reflex always
returned to normal despite continued traction on the extiaocular muscles The
average time for this return to normal was 488 seconds with a mimmum of
8 seconds and a maximum of 288 seconds Cessation of muscle tension following
return to normal did not modify the rate or rhythm

Repeated muscle traction 1n these patients resulted m the reflex being sustained
for shorter periods providing the rest mtervals were short Arrhythmas also
tended to be less marked than those that occurred after the original muscle trac-
tion The reflex approached the original as the rest interval lengthened This
would 1ndicate that fatigue of the reflex arc {ollows prolonged stimulation
These observations agree with those of Planten,'® who described the exhaustion
of the oculocardiac reflex in a patient 1n whom repeated muscle traction caused a
distinct vagal effect on three occasions and no effect was noted the fourth time

The site of fatigue 1s most probably 1n the central synapses of the bram It
1s generally accepted that repeated electrical stlmulatlxon of certamn areas of the
bram rapidly produces fatigue, which 1s mamfested| by fading of an induced
response This response cannot be obtained until thest areas of the brain regain
therr mitial excitabihity, after a period of recovery 2¢ Delgado,?” studymng the
crrculatory effects of electrical stimulation of the bram, noted that prolonging the
shmulation beyond 12-20 seconds was unnecessary’ because the effects dis-
appeared despite the contimuation of the stunulus | Strom?® observed snm]ar
results during electrical stimulation of portions of the hypothalamus He dem@n»
strated fatigue when stimulation was prolonged beyond 30 seconds, or 1fg 1t
was appled repeatedly with only 10- to 15-second intervals of rest The signs of
fatigue were not present when these intervals were extended to 20 to 30 seconds
These observations are in keeping with our results and may explamn to soﬂne
extent the excellent results achieved with retrobulbar blocks Since only those
patients who demonstrated an oculocardiac reflex were concerned, it may w;ell
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have been that the reflex was fatigued

was the reason for the apparent benefical

CANADIAN ANAESTHETISTS SOCIETY JOURNAL

after the first muscle traction, and this
effect of the retrobulbar block

CONCIUSIONS

The oculocardiac reflex was noted mn
surgery Disturbances occurred at jthe
the absence of hypercarbia and hypoxu
much more active than the vago-vagal re
mias were not produced during intubatid
these developed arrhythmias following ex

44 of 66 patients undergomg strablspm§
time of extraocular muscle tractlon n
1 The oculocardiac reflex proved to be
flex associated with mtubation Arrhyth~
n of a group of 9 patients, but later 6 of
traocular muscle traction

Fatigue of the oculocardiac reflex following extraocular mus

T:le traction .was
confirmed Repeated muscle tractl‘El with short rest periods

either abolished
or produced a modified response When the rest periods were Eengthened, this
response approached that produced by the original traction

The danger period 1s during thi first few seconds of muscle traction when
slowing of the heart rate 1s at a maximum Atrial standstill followed by cardiac
arrest could occur at this ime This cnitical period may have passed by the time
an arrhythmia could have been detected by usual climcal methods Therefore,
prevention of the reflex should be instituted before surgery Since a retrobulbar
block could precipitate an oculocardiac reflex,® and its effectiveness 1s 1n doubt,
perhaps the adminmistration of atropme mtravenously a few| minutes before
ophthalmic surgery would be the metholgl of choice

RESUME:

Toute une vanété de stimuli oculaires peuvent produire une vanation de la
vitesse cardlaque avec ou sans modtficatton du rythme Un tel réflexe peut
conduwre a l'arrét cardiaque Les auteurs ont étudié ce réflexe au cours de la
chirurgie correctrice du strabisme chez 66 malades en bon état, Chez 44 de ces
malades, ce réflexe oculocardiaque a été observé Les troubles sont apparus au
moment de la traction sur les muscles extraoculaires et, cela, alors qul n’existait
m hypoxie m1 hypercarbie Le réflexe oculocardiaque nous a semblé beaucoup
plus actif que le réflexe vago-vagal observé au cours de I'ntubation Au cours
de l'mtubation chez neuf malades, nous n'avons pas observé darythmie mass,
plus tard, six d’entre eux, a la sute de Ha traction sur les muscles extraoculaires,
ont présenté de I'arythme

Nous avons observé une fatigue, un épuisement du réflexe oculocardiaque
produit par traction sur les muscles extraoculaires Des tractions répétées, aprés
de cortes périodes de repos, prodmsaient soit des réponses modifiées, soit une
abolition du réflexe S1 les périodes de repos étaient prolongées, la réponse au
réflexe redevenait semblable a celle qui était observée a la suite de la traction
originale

La période dangereuse est au cours des quelques secondes de traction sur les
muscles, alors que le ralentissement du coeur est 2 son maximum Clest 4 ce
moment que larrét cardiaque peut survenir aprés larrét auriculawre (Cette

|
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période critique peut déja étre terminée avath quune arythmie puisse ?tre

dépistée par les méthodes chmques courantes En
chn'urgle quil faut prendre des précautions contre les

conséquence, cest avant la
réflexes

Etant donné qu’un blocage rétrobulbawre peut provoquer un réflexe oculo-

cardiaque® et que, de plus, ses effets demeurent d«

yuteux, 11 est probable que

l'atropine admimistrée par vole endoveineuse, quelques stants avant I'opération

pour la chirurgie ocularre, serait la méthode de choix
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