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Background: The oculocardiac reflex (OCR) is a sudden vagal bradycardia that can be
elicited by traction on an extraocular muscle. Bradycardia is highly variable from case to
case necessitating a large sample size to observe small to moderate impact on OCR. While the
surgeon’s tissue manipulation has immediate impact on OCR and individual patients may have
some proclivity to OCR, we sought to characterize the impact on OCR by the anesthesiologist.
Methods: From 1992 to 2019, during routine, community outpatient general anesthetic
strabismus surgery, oculocardiac reflex was prospectively observed utilizing a uniform 10-
second, 200 gram square wave tension on each extraocular muscle. Anesthetic parameters
were recorded and analyzed with double-cohort design and non-parametric statistics and
correlations. We define %OCR as the maximally tension-altered heart rate and a percent of
stable pre-tension heart rate.

Results: The median (IQR) confidence intervals OCR for 2527 initial cases was 89% (67%
to 97%) without anticholinergic, and 99% (95% to 100%) in 165 patients with anticholiner-
gic. OCR was 81% (62% to 96%) in 1034 with opioids and to 75% (60% to 95%) in 59 with
dexmedetomidine and in 189 with IV dexamethasone to 72% (56% to 92%) There was
a significant (p<0.01 Kruskal-Wallis) impact on OCR by various opioids, muscle relaxants
and inhalational agents. Linear regression showed significant inhibitory impact on OCR by
increased inhalational agent depth and by lower exhaled CO,.

Conclusion: The anesthesiologist can block OCR with sufficient anticholinergics, deeper
inhalational agents and robust ventilation, and can augment OCR with opioids, dexmedeto-
midine and apparently also with dexamethasone.

Clinical Trials Registry: NCT04353960.

Keywords: oculocardiac reflex, trigeminovagal, strabismus

surgery, opioids,

dexmedetomidine, dexamethasone, anticholinergics

Plain Language Summary

Several previous smaller studies have addressed certain aspects of anesthetic impact on the
typical bradycardia during strabismus surgery called the oculocardiac reflex (OCR). Due to
a wide inter-patient variability in OCR, large studies are needed to confirm findings. We
reviewed over 2500 patients confirming that OCR is augmented by opioids, dexmedetomi-
dine, rocuronium and dexamethasone while deeper inhalational agents, hypocapnia and

anticholinergics reduce OCR.

Introduction
The oculocardiac reflex (OCR) is triggered by manipulation of the eye or orbit
resulting in a change in heart rate which is usually a vagal bradydysrythmia.'*> OCR
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as a trigeminovagal reflex is commonly observed in chil-
dren and adults undergoing strabismus surgery.® Of several
common vagal reflexes including Valsalva maneuver and
diving response, surgical OCR has the widest case-to-case
variability ranging from profound bradycardia to moderate
tachycardia.*

The surgeon’s influence is immediate and profound.’
The critical amount of extraocular muscle (EOM) tension,®
the type of EOM, and gentle repeat stimuli allows the
surgeon to exert an inhibitory influence on OCR.”

The patients themselves may provide some predictabil-
ity relative to OCR.® A given patient’s initial OCR is
a good predictor of their second OCR in a 2-muscle case.’”

A large sample size is needed to detect differences due
to a typical mean and standard deviation (S.D.) OCR
effect.® Some details regarding the impact of the anesthe-
siologist on OCR have been studied in smaller, under-
powered clinical trials that lack EOM tension control,'
so we sought to confirm anesthetic impacts and determine
which are actually the most important. Therefore, we
reviewed results from our ongoing, observational trial
that, for almost three decades, has diligently recorded
pertinent patient and anesthetic variables each with pro-
spective, uniform extraocular tension as the elicitation
of OCR.

Methods

This prospective, observational cross-sectional, double-
cohort study has Institutional Review Board approval
from Providence Hospital (Providence Alaska Medical
Center). It complies with the Health Insurance Portability
and Accountability Act of 1996 and the Declaration of
Helsinki. Due to the strict, observational nature recording
traditional monitor data from routine strabismus surgery,
the institutional review board waived the requirement for
signed, informed consent. The clinical trials identifier is
NCT04353960. De-identified data from 1992 to 2019 can
be viewed indefinitely from the study website: http:/www.
abcd-vision.org/OCR/OCR-anesthetic%20de-identified%

20data.pdf.
This is an observational trial of conventional commu-

nity out-patient general anesthesia for conventional stra-
bismus surgery in children and adults (Figure 1).
Consecutive cases of strabismus surgery in children and
adults were monitored with electrocardiograph and pro-
spectively-determined, uniform tension stimulus on gently
isolated extraocular rectus muscles. Re-operations and

cases with anticholinergic medications were identified.

The choice of anesthetic technique is at the discretion of
the anesthesiologist with a surgeon request to avoid antic-
holinergic medications unless specifically indicated.
Patients general health is listed as ASA (American
Society of Anesthesiologists) 1 or 2. Patients with orbital
block or pacemaker or ASA >2 were excluded.
Intravenous access was attained pre-operatively in the all
adults and teenagers while younger children had intrave-
nous placement after mask induction. Some patients had
pre-operative sedation with oral or intravenous midazolam
while others had intranasal dexmedetomidine.'' Some
patients had induction with just inhalational agents with
or without nitrous oxide, while others had intravenous
propofol, opioids and/or dexmedetomidine during induc-
tion. Heart rate by electrocardiograph, fingertip pulse oxy-
metry, blood pressure and inhaled/exhaled carbon dioxide
and inhalational agent concentrations were monitored
throughout the procedure. Some patients had intravenous
muscle relaxants to aid in induction and airway placement.
Most patients had laryngeal mask airway while others, at
the choice of the anesthesiologist, had endotracheal
intubation.

Many patients were maintained with inhalational anes-
thetics of sufficient depth'? to avoid extremity movement
or blepharospasm with ocular manipulation, but light
enough to eventually afford spontaneous ventilation; the
ventilation and agent concentrations were often changed
to the

Dexamethasone was added in some patients hoping to

from the first extraocular muscle second.
reduce post-operative nausea and vomiting.

The stimulus on an extraocular muscle for oculocardiac
reflex has been the same for each case. An extraocular rectus
muscle is gently approached and hooked with a thin Jameson
hook. The anesthesiologist ensures stable pre-stimulus heart
rate, blood pressure and oxygen saturation. Then a small,
sterile tension gauge is attached to the Jameson hook, and
a 10-second, square wave tension of 200 grams is placed on
the isolated rectus muscle. The greatest change is then
recorded and evaluated as a percent of pre-stimulus, stable
heart rate with values less than 100 (5% to 99%) being
bradycardia, values greater than 100 (101% to 151%)
being tachycardia and 100% representing no change. For
example, a 25% heart rate drop from a baseline of 120 b.
p-m. to 90 b.p.m. during EOM tension would be reported as
an OCR of 75%. If more than one muscle was operated in
a given case, two or more oculocardiac recordings could be
taken for that patient, that day. A video example of profound
oculocardiac reflex can be viewed (Supplementary Video) .
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Figure | Timeline of the Alaska OCR Study. Uniform elicitation of oculocardiac reflex (OCR) consistent with routine strabismus surgery has employed 10-second, 200-
gram square wave tension on rectus extraocular muscles (EOM). Years are to the left and numbers of patients are listed at the bottom. The Alaska study mirrored two prior
studies at Mayo Clinic and Indiana University. Publications and presentations of OCR data are listed to the right of the timeline.

Clinical Ophthalmology 2021:15

submit your manuscript 975
Dove


http://www.dovepress.com
http://www.dovepress.com

Arnold et al

Dove

Statistical Methods

Sample Size: To detect a 15% difference between expected
means of 80%, standard deviation (S.D.) of 20%, power
0.8 and alpha 0.5, a sample size of 28 is needed. The
impact of intravenous atropine on OCR is about a 15%
difference. To detect a 5% difference, a sample size of 251
is needed. The difference in OCR between adults and
is about 5%. To detect a 3% difference,
a sample size of 697 is needed. The selection of different

children

extraocular muscle types produces about a 3% change.
The majority of articles in the literature are underpowered
for the widely variable human oculocardiac reflex; only
four other studies have a sample size over 200 patients.®
Our database is sufficiently powered to detect difference of
3% or less between groups.

The degree of normal distribution of the cardiac rate
change is assessed with kurtosis and skewness. Non-

parametric comparison of non-normally distributed continu-
ous data are compared with Mann—Whitney test (2-samples)
and the Kruskal-Wallis test (>2 samples). Matched continuous
datasets were analyzed with linear regression and Pearson’s
Product Moment Correlation with p<0.01 considered

significant.

Results

Table 1 includes the oculocardiac reflex recordings and
anesthetic influences from 2527 original cases separated
from those with anticholinergic medication (Figure 1). The
frequency distribution of oculocardiac values (Figure 2)
has been widely (range 5% to 151%) but not normally
distributed with kurtosis and skewness,® so data are ana-
lyzed using non-parametric tests. The median oculocardiac
reflex from the first muscle tested (85%) did not differ
from the oculocardiac elicited when a second muscle was

Table | The Influence on the Oculocardiac Reflex by Various Anesthetic Parameters. Nonparametric Values Centered on the Median
with First and Third Quartiles and the 5th and 95th Percentiles. The Mean and Standard Deviation (S.D.) are Given as Well as
Proportion with More Than 20% Drop in Heart Rate (>20drop) and More Than 50% Drop in Heart Rate (>50drop). %OCRI and %
OCR?2 are from the First and Second Extraocular Muscle During Each Strabismus Case Each Elicited by a 10-Second, 200 Gram
Tension on a Gently Isolated Rectus Muscle. OCR is Expressed as the Maximal Percent Change from a Stable, Pre-Tension Heart Rate.

Impacts are Grouped by Anticholinergic, Opioids, Propofol, Dexamethasone and Dexmedetomidine, Muscle Relaxants and

Inhalational Agents

Influence Number | Minimum | 5% | QI | Median | Q3 | 95% | Maximum | Mean | S.D. | >20drop | >50drop
%OCRI 2527 5 39 | 67 85 97 102 151 80 21 41 10
%OCR2 1526 5 42 | 69 86 98 102 182 8l 21 39 8
Anticholinergic 165 9 70 | 95 99 100 | 103 112 95 12 6 0
Any opioid 1034 6 27 | 62 8l 96 102 122 76 23 49 14
Fentanyl 845 6 29 | 63 8l 96 102 122 76 23 48 13
Hydromorphone 73 20 37 | el 76 93 100 121 75 22 56 15
Remifentanil 53 13 18 | 48 78 92 105 122 70 28 52 26
Morphine 44 15 48 | 65 86 96 107 110 80 22 36 9
Sufentanil 19 14 14 | 56 84 96 103 103 74 28 42 16
Propofol 470 6 19 | 64 87 98 102 129 78 25 41 14
Dexamethasone 189 6 16 | 56 72 92 100 118 70 25 59 20
Dexmedetomidine 59 8 28 | 60 75 95 101 13 72 24 47 18
Atracurium 31 14 26 | 74 92 99 Il 129 83 24 39 10
Cisatracurium I 9 9 74 97 99 100 100 8l 30 27 18
Mivacurium 160 8 20 | 63 82 96 101 131 76 24 47 13
Rocuronium 72 10 17 | 63 78 97 100 122 75 26 53 17
Succinylcholine 74 26 45 | 82 96 100 | 105 119 89 18 23 5
Vecuronium 51 6 16 | 60 88 94 100 103 75 26 43 18
Desflurane 190 8 49 | 72 94 99 107 122 85 20 31 6
Halothane 321 15 54 | 75 87 97 101 131 83 17 33 4
Isoflurane 323 6 22 | 66 89 98 102 129 80 24 38 12
Sevoflurane 1319 5 41 67 84 97 102 151 80 21 44 10
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Figure 2 Frequency distribution of oculocardiac reflex showing anesthetic impacts. Oculocardiac reflex (OCR) defined as the maximally tension altered heart rate as
a percent of stable, pre-tension baseline heart rate (H.R.). Uniform stimulus is 10-second, 200 gram tension on an extraocular rectus muscle. Impacts of various anesthetic
agents indicated by box and whisker plots defining interquartile range, 95% range with bar to define median. S.D. is standard deviation and S.E.M. is standard deviation of the

mean.

tested during the same case (86%, Mann—Whitney z=1.69,  significantly reduced the median OCR from 85% to 99%
p=0.09). Figure 3 shows the relationship between initial (Mann—Whitney z=11.2, p<0.01). Of note, we excluded

OCR and second OCR on 1524 two-muscle cases. An  from this paper but recently reported in a different paper®

additional

anticholinergic

which  oculocardiac recordings in 446 re-operation cases from
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Figure 3 Linear correlation between first and second oculocardiac reflex (OCR). OCR is defined as the tension-modified heart rate as a percent of stable baseline elicited
by uniform 10-second, 200 gram tension on an extraocular muscle in 1524 initial unique strabismus adult and pediatric patients with no anticholinergic.

323 of the patients. During this phase of the Alaska OCR
study, we have recorded data from 2527 original + 154
anticholinergic cases + 415 re-operations + 15 anticholi-
nergic re-operations + 5 blocks totalling 3116 strabismus
surgery cases (Figure 1).

Patients ranged in age from 0.2 to 93 years with mean
15.6 years, median 6.5 years, standard deviation 19 years.
The patient weights ranged from 4 to 250 kilograms with

mean 38.7, standard deviation 33 and median 22
kilograms.
Patients receiving some form of opioid had

a significantly greater oculocardiac reflex (median 81%
compared to 85% for those without opioid; Mann—
Whitney z=7.0, p<0.01). Compared to no opioid, the med-
ian impact of five different opioids was significant
(Kruskal-Wallis X*(5)=53, p<0.01) with morphine having
least impact (median 86%) remifentanil (median 78%) and
hydromorphone (median 76%) having the most impact.
Patients who received dexmedetomidine had substan-
tially more oculocardiac reflex than those with none (med-
ian 75%; Mann—Whitney z=3.22, p<0.01). An augmented
oculocardiac reflex was also associated with intravenous
dexamethasone compared to none (median 72%, Mann—

Whitney z=5.8, p<0.01). The augmenting impact of

dexamethasone persisted independent of opioid, inhala-
tional agent, nitrous oxide, expired carbon dioxide and
age. Propofol was not associated with a change in oculo-
cardiac reflex compared to no propofol (median 87%,
Mann—Whitney z=0.25, p=0.81).

Six different intravenous muscle relaxants had an
impact on median oculocardiac reflex with cisatracurium
and succinyl choline decreasing OCR and rocuronium
(Kruskal-Wallis ~ X*(6)=29,
p<0.01). There was a significant difference in median

augmenting the reflex
oculocardiac reflex associated with different inhalational
agents (Kruskal-Wallis X*(4)=18, p<0.01).

Table 2 shows data from linear regressions between
oculocardiac reflex and exhaled gas concentrations. There
was a reduction in the initial oculocardiac reflex associated
with higher end-tidal concentrations of halothane, isoflur-
ane and sevoflurane. OCR was reduced by lower end-tidal
carbon dioxide concentration but unchanged by different
levels of nitrous oxide used during induction and/or main-
tenance inhalational anesthesia.

The difference between second and initial OCR in each
3) with differences

between second and initial gas concentrations. Lighter

case was correlated (Figure

levels of inhaled isoflurane, halothane and sevoflurane
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Table 2 Linear Correlations Between Oculocardiac Reflex as a Percent of Baseline Heart Rate Compared to Exhaled Anesthesia Gas
Concentrations. The Ordinate (y) is a Function of Constant a (with 95% Confidence Intervals), The Abscissa x Gas Concentration and
a Constant b Percent Heart Rate with 95% Confidence Intervals. N is Number of Cases, the Pearson Product Correlation Value r and
Probability p are Given. OCRI is the Initial Oculocardiac Reflex and AOCR is the Difference Subtracting OCRI from OCR2 in Two-
Muscle Cases. CO, is Carbon Dioxide and N,O is Nitrous Oxide

y a X +b n P Product-Moment Correlation
OCRI ~0.13 (-0.22, —0.04) CO, mmHg 85.5(81.6, 89.3) 1428 <0.01 r(2384)=—0.06

OCRI —1.39 (-3.96, 1.16) desflurane % Et 85.2 (79.8, 90.7) 190 0.12 r(164)=0.12

OCRI —6.41 (—12.5, -0.31) halothane % Et 82.4 (80.1, 84.7) 321 0.01 r(316)=0.14

OCRI —7.04 (—14.1, 0.06) isoflurane % Et 79.5 (76.1, 82.8) 323 0.04 r(316)=0.11

OCRI —2.15 (—3.67, —0.64) sevoflurane % Et 77.8 (76.2, 70.4) 1319 <0.01 r(1182)=0.11

OCRI 0.07 (—0.04, 0.19) N,O % 779 (715, 84.2) 915 0.22 r(913)=0.04

AOCR 1.35(0.49,2.21) Aagent % 3.14(2.22,4.05) 1524 <0.01 r(1370)=0.08

AOCR 0.03 (-0.05,0.12) ACO, mm Hg 2.83 (1.91,3.75) 1428 0.45 r(1425)=0.02

AOCR 0.95 (—0.70, 2.59) A desflurane 0.49 (—3.0,4.0) 190 0.26 r(70)=0.14

AOCR 13.1 (7.6,18.6) A halothane 3.90 (1.8, 5.9) 321 <0.01 r(239)=0.29

AOCR 9.88 (4.5, 15.2) A isoflurane 5.69 (3.18, 8.19) 323 <0.01 r(211)=0.24

AOCR 1.56 (0.33, 2.78) A sevoflurane 2.78 (1.49, 4.06) 1319 0.01 r(699)=0.09

produced more oculocardiac reflex, but changes in expired were only  minimally  predictive of OCR.'?

CO; and nitrous oxide has no significant effect on change
in OCR.

Discussion

Over almost three decades in this observational study of
oculocardiac reflex during strabismus surgery with uni-
formly elicited tension on extraocular rectus muscles, we
found a wide case-to-case variability of bradycardia. There
is a strong, but not perfect correlation between first
and second OCR within the same case even with identical
surgical stimulus. Patients may have some limited ten-
dency toward the trigeminovagal reflex.® Variations in
various anesthetic agents throughout the course of the
case likely influences OCR variability. Our study is obser-
vational with anesthetic protocol at the choice of each
given anesthesiologist.

The Alaska OCR Study over 28 years (Figure 1) has
identified that OCR can be augmented by opioids'® and
by dexmedetomidine'* whereas OCR can be effectively
blocked by intraglossal atropine if intravenous access in
not available.'”> Our ongoing study countered one of the
larger sample size prior studies'® that had suggested iris
color influenced OCR.'” We studied extraocular muscle
tension noting more OCR with inferior than lateral rectus
muscle, more OCR with 200 and 400 gram tension than
50 gm tension and that the OCR fatigued if repeat ten-
sion quickly followed the first pull.” The Alaska OCR
Study found that interoperative brain wave monitors

Intraoperative OCR is less profound that the bradycardia
induced by scleral depressed, indirect ophthalmoscopic
exams in infants screened for retinopathy of prematurity
(ROP).'® Recently, the Alaska ROP study investigated
how aspects of the individual patient influenced OCR;
adults have less percent OCR than children, race mat-
tered with whites having more bradycardia, the original
surgery was minimally predictive of re-operations and
relatives did not share OCR proclivity.® We also con-
firmed that the initial OCR is a good predictor of sub-
sequent OCR in cases with more than one muscle
manipulated.'”

As we initially observed earlier in our observational
study,13 and was later confirmed with a randomized trial,zo
opioids augment the oculocardiac reflex. The impact of
fast-acting opioids?’ is of a similar magnitude but opposite
to atropine’s blocking impact. We confirmed our prior
observations that uncovered an augmenting impact of
dexmedetomidine on oculocardiac reflex whether deliv-
ered nasally pre-op'' or intravenously.'* Mizrak, et al, on
the other hand, found that dexmedetomidine plus ketamine
decreased OCR.*

We found minimal difference on oculocardiac reflex
during general anesthesia influenced by the presence of
propofol or nitrous oxide. In patients with fentanyl and
rocuronium, ketamine was associated with less OCR than
propofol.** Propofol-ketamine produced more OCR but
less post-operative nausea and vomiting than sevoflurane —
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2425 or with isoflurane-nitrous

nitrous oxide anesthesia
anesthesia.”®

We found that dexamethasone as an antiemetic was
associated with augmented oculocardiac reflex. This effect
persisted independent of opioid, inhalational agents,
expired carbon dioxide and age. In another report, OCR
was common (65%) in strabismus surgery with dexa-
methasone and ondansetron.?”

There was a trend for reduced oculocardiac reflex with
deeper inhalational anesthesia — at least with isoflurane,
halothane and sevoflurane. This concentration effect
occurred during the initial OCR and also the difference
in agent concentration impacting the difference between
first and second measured OCR in the case. Intentional
deep inhalational anesthesia and adequate ventilation
reduced OCR in a small series compared to historical
controls.”® Karaman et al*® and Yi et al** found less
OCR with deeper anesthesia monitored by BIS brain
wave monitoring. Using uniform elicitation of OCR, we
found minimal impact of BIS and Entropy monitor read-
ings on OCR."?

In our observation of muscle relaxants, rocuronium
was associated with more OCR while succinyl choline
had less, just opposite to Karanovic’s smaller randomized
study.>! In a small, randomized study, atracurium produced
more OCR than pancuronium.*

The strength of our study is meticulous, uniform sti-
mulus of OCR representing typical strabismus surgery,
uniform continuous data criteria that enhance the statistical
power over categorical data. We included a large number
of children and adults; adults are known to have less
bradycardia with strabismus surgery extraocular muscle
tension than do children.® The sample size is large enough
to detect small differences between groups. A weakness is
that lack of a randomized, double-blind clinical trial with
uniformly defined anesthetic protocol. We note that the
literature is plush with randomized clinical trials on OCR
that are underpowered to adequately address a variable as
widely distributed as OCR. While there are recognized
differences in anesthetic care over three decades, there
are probably also unknown differences for which a bias
may have been introduced. Our study is generalizable to
community, outpatient strabismus surgery. It should be
noted that several medications were studied, but this is
not a dose-response study.

With
manipulation blood pressure,

vigilant anesthetic ~—maintenance of pre-

oxygen saturation and
pulse, no adverse sequelae or admission to intensive care

prompted by oculocardiac reflex was observed during the
three decade course of this observational study.

Conclusion

The anesthesiologist has great impact on the oculocardiac
reflex during strabismus surgery in adults and children.
OCR can be blocked by adequate anticholinergic medica-
tion but augmented, to a similar degree, with certain
opioids and dexmedetomidine. We found that deeper inha-
lational agents had a small reduction in OCR while hyper-
capnia tended to increase OCR. Propofol and nitrous oxide
had minimal impact on OCR. We also noted increased
OCR with dexamethasone used as nausea prophylaxis;
we hope others will consider a randomized trial to confirm
or refute these findings.

Abbreviations

ASA, American Society of Anesthesiologists; b.p.m, beats
per minute; CO,, carbon dioxide; N,O, nitrous oxide;
OCR, oculocardiac reflex; S.D., standard deviation.
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