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Purpose: Reducing physiologic stress including bradycardia during staging eye exams for 
retinopathy of prematurity (ROP) is desirable. We observed heart rate change during routine 
retinopathy of prematurity eye examinations and compared the response with our ongoing 
study of oculocardiac reflex (OCR) elicited by uniform EOM tension during strabismus 
surgery.
Patients and Methods: Electrocardiograph was prospectively monitored during ROP 
exams featuring indirect ophthalmoscopy with Alfonso lid speculum and see-through scleral 
depressor without topical anesthesia. Clinical data were retrieved from ROP-Check software. 
OCR was defined as maximally changed heart rate (HR) as a percent of baseline. Strabismus 
surgery patients under general anesthesia served as controls.
Results: From 10/2017 to 9/2020, 281 infants had ROP exams, and the median OCR was 
55.9% of baseline HR (IQR 41.4% to 72.6%), the kurtosis 0.93 and skewness 1.01 repre-
senting a drop from HR 169 ± 16 bpm to 102 ± 39 bpm. In comparison, 1493 adult and 
pediatric strabismus surgery patients had less OCR median bradycardia 87.8% (IQR 
72–98%), kurtosis 1.60 and skewness −1.18. ROP %OCR correlated with birth gestational 
age (%OCR = 2.5 (GA) – 11, r(279)=0.33, p<0.01) and with birthweight (%OCR = 0.02 
(BW) + 38, r(279) =0.35, p<0.01). The duration of bradycardia induced by ROP exam 
averaged 92 ± 34 seconds (range 34–240 seconds).
Conclusion: Bradycardia is common during eye exams in the smallest premature infants with 
greater degree, more rapid onset and longer duration than OCR during strabismus surgery.
Keywords: bradycardia, retinopathy of prematurity, strabismus

Plain Language Summary
The heart rate change for premature infants during lid speculum, scleral depressed eye exams 
is more profound than oculocardiac reflex during strabismus surgery.

Introduction
The oculocardiac reflex (OCR) is typically a trigemino-vagal transient bradycardia 
elicited by manipulation of tissues of the eye and orbit.1 Though classically 
recognized during extraocular muscle (EOM) traction during strabismus or retinal 
surgery, OCR can accompany different types of eye surgery or eye examination.2

Retinopathy of Prematurity (ROP) Examination: OCR has been noted in pre-
mature infants.3 The heart rate change in 31% of infants can range from 10%-59% 
of baseline with various phases of the exam.4 In another study, three of 80 
premature infants undergoing ROP cryotherapy had respiratory arrest and one had 
cardiac arrest.5 Healthy premature babies monitored all night, and then subjected to 
globe pressure had mean lowest HR corresponding to 1049 ± 540 ms with lowest 
HR (1894 ms R-R interval) being 32 bpm.6
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Lid speculum with scleral depression affords far better 
assessment of peripheral retina than direct ophthalmoscope 
even with contact lens.7 Retinal digital contact photogra-
phy may have longer duration, but also may be less stress-
ful than indirect ophthalmoscopy in neonatal intensive 
care unit (NICU) infants.8 We observed heart rate change 
during routine retinopathy of prematurity and consult eye 
examinations in the NICU and compared the response with 
our ongoing study of OCR elicited by uniform EOM 
tension during strabismus surgery with general anesthesia.

Patients and Methods
The primary purpose of this study is to characterize the 
cardiac rhythm response to retinal exam with lid speculum 
and scleral depression during routine, scheduled staging 
exams for retinopathy of prematurity. Patients are dilated 
with cyclopentolate 0.2%, neosynephrine 1% one drop 
repeated twice at least 30 minutes before the examination 
with Alfonso lid speculum and Arnold See-Through 
scleral depressor (Storz sp7-38098).9 The infants are com-
forted by the child life specialist and, though supine, some, 
at the request of the nurse, are given a drop of stored, 
maternal breast milk, or concentrated sucrose solution,10 

however, topical anesthetics are not used. The cardiac 
response is a type of oculocardiac reflex that is typically 
a bradycardia but sometimes no change or even 
a tachycardia. A secondary purpose of this study is to 
compare oculocardiac reflex during awake ROP exams 
with uniform oculocardiac reflex in children and adults 
during strabismus surgery under general anesthesia. In 
each strabismus case, the rectus muscle is gently hooked 
with a Jameson hook with a hole into which a small, sterile 
tension gauge is inserted to apply a uniform 200 gram, 10- 
second square-wave tension while observing the initial 
stable baseline heart rate and the maximally tension- 
altered heart rate. Examples of the cardiac rate changes 
during ROP exam can be viewed: https://youtu.be/_KO- 
qdhSMO8 and oculocardiac reflex during strabismus sur-
gery: https://youtu.be/HtyMI7pqTvE.

This study of the oculocardiac reflex has been reviewed 
by the institutional review board of Providence Hospital 
and complies with the Declaration of Helsinki and the 
Health Insurance Portability and Accessibility Act 
(HIPAA). The study is prospective and observational con-
cerning routine vital sign documentation during routine 
staging examinations for retinopathy of prematurity in 
the neonatal intensive care unit and the operating rooms. 
Since data were collected during routine ocular 

manipulation and routine monitoring, the requirement for 
written informed consent was waived. The study is regis-
tered: NCT04353960. De-identified data are available 
from http://www.abcd-vision.org/OCR/OCR%20ROP% 
20Strab%20De-Id.pdf

Electrocardiograph was monitored during routine sta-
ging examinations for retinopathy of prematurity. Stable 
baseline heart rate, maximally changed heart rate during 
the exam and duration of changed heart rate were 
recorded. No topical anesthetic drops were administered. 
Oculocardiac reflex was defined as the maximally changed 
heart rate as a percent of stable baseline heart rate: brady-
cardia ranged from 26% to 99%, tachycardia was greater 
than 100% up to 138%. For example, from a stable heart 
rate of 160 b.p.m, a 25% drop during scleral depressed eye 
exam to a low heart rate of 120 bpm would be classified as 
an OCR of 75%. Additional demographic and medical 
record data were retrieved from ROP Check software.11 

The Providence NICU utilizes American Academy of 
Pediatrics (AAP) ROP scheduling guidelines.12

The smaller and least stable premature infants had addi-
tional nursing and respiratory therapy support during exams. 
Substantial bradycardia or apnea and desaturation prompted 
an interruption of scleral depression and/or exam with tem-
porary removal of the Alfonso lid speculum.

Statistical Methods
The frequency distributions for heart rate change were 
tested for normality using kurtosis and skewness. Non- 
parametric analysis for two-sample comparison utilized 
the Mann–Whitney test and multiple comparison groups 
the Kruskal–Wallis test. Paired continuous data were ana-
lyzed with linear regression with Pearson Product 
Moment. A p of less than 0.05 was considered significant.

Given the mean 83% and standard deviation 20% for 
oculocardiac reflex during strabismus surgery in children 
and adults, the sample size needed to detect a 5% difference 
in means with alpha 0.05 and power 0.80 would be 252.

Results
Trigeminovagal reflexes were monitored for two groups of 
patients undergoing different forms of ocular manipulation. 
From October 2017 through September 2020, 281 infants 
and 691 exams were recorded. One hundred and seven 
infants had only one exam recorded while 174 had between 
2 and 10 serial exams recorded. From September 1992 
through September 2020, 1493 pediatric and adult strabis-
mus surgery patients had oculocardiac reflex monitored as 
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elicited by a 200 gram, 10-second, square-wave tension on 
a gently isolated extraocular rectus muscle with no antic-
holinergic or opioid medications. The impact on heart rate 
for premature infants undergoing ROP exam, separated by 
age, multiparity and whether ROP-treated plus strabismus 
surgical patients separated by age groups are presented in 
Table 1.

The duration of OCR induced by scleral depressed 
indirect ophthalmoscopy of both eyes was 92±34 seconds 
ranging from 15 seconds to 240 seconds. The proportion 
brief (<20 seconds to recover) was 38%, moderate 
20–60 second duration was 40% and prolonged over one 
60 seconds was 22%.

The median heart rate change during ROP exams of 
55.9% (interquartile range IQR 41.4 to 72.6%) represented 

more bradycardia than strabismus surgical OCR 87.8% 
(IQR 72.0% to 98.0%; Mann–Whitney z=21, p<0.01, 
Table 1). The distribution of heart rate change in infants 
during lid-speculum, scleral depressed exams and of general 
anesthesia extraocular muscle controlled tension differ sub-
stantially (Figure 1). For ROP exam oculocardiac reflex, 
kurtosis was 0.93 and skewness 1.01 (n=691) while for 
strabismus surgical oculocardiac reflex kurtosis was 1.60 
and skewness −1.18 (n=1493). During ROP exams, 64% 
had rapid onset bradycardia dropping at least 20% within 
the first two seconds while 36% had gradual onset. During 
strabismus surgery, 17% had rapid onset while 83% had 
gradual onset. Less than 10% of exams required interruption 
of lid speculum scleral depression due to temporary oxygen 
desaturation and prolonged bradycardia.

Table 1 Parametric, Descriptive Statistics and Means for Oculocardiac Reflex (OCR) During ROP Exams and Strabismus Surgery. 
Infants in NICU Had Electrocardiograph Monitoring During Routine Retinopathy of Prematurity (ROP) Scleral Depressed Examination 
and Other Children and Adults Had Extraocular Muscle 200 Grams 10-Second Traction During Strabismus Surgery. OCR is Presented 
as the Maximally Changed Heart Rate as a Percent of Stable Baseline. Q1 and Q3 are Interquartile Ranges Between 95th Percentiles 
and Ranges Surrounding the Median. The Mean and Standard Deviation (Stdev) are Presented though the ROP and Strabismus OCR 
are Not Normally Distributed. NICU Babies Grouped by Gestational Age, Birthweight, Multiparity and Whether ROP Was Treated. 
Strabismus Patients are Grouped by Age

Class Count Min(% 
OCR1)

p05 (% 
OCR1)

q1 (% 
OCR1)

Median 
(% 
OCR1)

q3 (% 
OCR1)

p95 (% 
OCR1)

Max (% 
OCR1)

Mean 
(% 
OCR1)

Stdev 
(% 
OCR1)

ROP Exam All 281 26.3% 35.3% 41.4% 55.9% 72.6% 105.3% 138.2% 60.2% 22.4%

35 ≤ GA < 40 6 56.7% 56.7% 64.5% 68.6% 73.7% 97.2% 97.2% 71.6% 13.9%
30 ≤ GA < 35 129 29.7% 36.8% 52.8% 62.2% 81.1% 115.% 138.2% 68.4% 23.%

25 ≤ GA < 30 118 26.3% 32.4% 39.8% 46.5% 60.% 90.5% 128.7% 52.4% 19.6%

20 ≤ GA < 25 27 32.4% 36.6% 40.% 47.4% 62.5% 80.% 100.% 51.7% 16.2%
400–749 g 31 32.4% 36.6% 40.% 45.5% 58.2% 84.2% 100.% 51.3% 16.5%

750–1249 g 110 26.3% 32.4% 40.% 46.7% 62.5% 97.2% 134.9% 54.% 20.9%

1250–1499 g 78 31.6% 37.1% 48.% 59.7% 79.3% 120.6% 138.2% 66.% 24.1%
1500–2000 g 48 34.4% 35.6% 54.4% 64.4% 77.4% 96.9% 115.% 66.1% 19.5%

consult 14 52.3% 52.3% 57.1% 71.8% 90.6% 138.2% 138.2% 77.4% 23.5%

Multip?

1 28 29.7% 35.3% 40.7% 50.% 68.8% 102.9% 106.3% 56.9% 21.2%
2 28 32.4% 35.3% 40.% 48.2% 77.4% 91.2% 105.3% 57.9% 20.9%

3 2 41.2% 41.2% 41.2% 84.3% 127.3% 127.3% 127.3% 84.3% 60.9%

no 223 26.3% 35.3% 43.2% 56.3% 71.% 105.9% 138.2% 60.7% 22.4%

Treated?
no 250 26.3% 35.3% 43.% 56.4% 73.7% 105.9% 138.2% 60.9% 22.7%

yes 31 32.4% 36.8% 40.% 50.% 64.9% 92.% 112.9% 54.8% 19.%

Strabismus 1,496 4.6% 46.2% 72.% 87.8% 98.% 101.9% 151.3% 82.6% 19.6%

toddler 244 37.2% 54.3% 78.7% 92.5% 98.1% 100.7% 125.4% 86.1% 15.6%

preschool 397 15.3% 46.4% 68.7% 84.1% 95.3% 100.8% 151.3% 80.3% 18.6%
school 566 4.6% 44.9% 66.7% 84.% 96.5% 102.5% 128.6% 79.9% 20.1%

adult 286 5.9% 34.7% 85.1% 95.9% 100.% 104.5% 120.3% 87.8% 21.6%

Clinical Ophthalmology 2020:14                                                                                             submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
4265

Dovepress                                                                                                                                                    Schumacher et al

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


Using a definition of bradycardia as HR less than 100 
bpm for >15 seconds, and tachycardia as HR 200 bpm or 
more for >15 seconds,13 during ROP scleral depressed 
exams, 57.3% of our patients had “bradycardia” and 
2.2% had tachycardia.

Influences on oculocardiac reflex during ROP exams 
by parametric statistics and regressions are shown in Table 
2. OCR during initial ROP exam correlated with birth-
weight (%OCR = 0.02 (BW) + 38, r(279) =0.35, p<0.01, 
Figure 2) and also correlated with birth gestational age (% 
OCR = 2.5 (GA) – 11, r(279)=0.33, p<0.01, Figure 3). 
Worse stages of ROP were related to more bradycardia 
during exams (Kruskal–Wallis X2 (2) = 15.6, p<0.01) 
however whether or not the infant reached threshold for 
ROP treatment did not influence OCR (Mann–Whitney z = 
1.4, p=0.16). Twin and triplet infants were not more likely 
to have OCR (Mann–Whitney z = 1.3, p=0.20).

Discussion
The heart rate change induced by scleral-depressed, lid 
speculum ophthalmic exam in premature infants is of greater 
bradycardia, more rapid onset and more prolonged duration 
than the type of oculocardiac reflex elicited by 10-seconds 

moderate tension on and extraocular rectus muscle. The 
bradycardia during ROP exams was greater with lower 
birthweights and younger gestational ages. Propensity 
toward OCR during prior examinations was not predictive 
of progression to threshold for ROP treatment.

Reducing physical stress during ROP exam is 
warranted.14 Cardiac monitoring is helpful for inpatient 
retinal exams and should be considered in premature infants 
during outpatient examinations or during ROP treatment. 
Some clinicians advocate topical anesthesia and close mon-
itoring during exams.15 Others find breast milk, sucrose 
and/or local anesthetic insufficient to curb the heart rate 
change (tachycardia) associated with lid speculum NICU 
eye exams.16 We recognize that topical anesthetics can 
quickly numb the cornea which is not touched during our 
exams, but that the deep pressure of lid speculum and 
scleral depression are not blunted by a topical anesthetic 
drop just before the exam. We also have documented that 
topical anesthetic do not enhance recovery from strabismus 
surgery, but maybe actually worsen recovery in young 
patients.17 Not every effort to reduce exam pain is 
benign.13 Ongoing close monitoring is also indicated due 
to an increased frequency of cardiorespiratory events in the 

Figure 1 Distribution of oculocardiac reflex (OCR) elicited by strabismus surgery (top) and ROP examination (bottom). OCR defined as maximally changed heart rate as 
a percent of stable baseline heart rate. The stimulus for strabismus surgery was 10-second, 200 gram, square wave tension on gently isolated extraocular rectus muscle 
without anticholinergic medication. Stimulus during retinopathy of prematurity exams was Alfonso lid speculum placement and scleral depressed indirect ophthalmoscopy of 
both eyes without topical anesthetic. Additional statistics include mean, standard deviation and standard error of the mean and median with interquartile range, and 95th 
percentiles.
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hours after the exam.18 Infants receiving supplemental oxy-
gen may be at particular risk of cardiac disturbance during 
exams.19 Heart rate variability as an indicator of autonomic 
nervous system function may be an independent risk factor 
for Type 1 ROP.20

General anesthesia utilized with strabismus surgery is 
a substantial difference when compared to awake ROP 
Exams. Oculocardiac reflex has been documented in 
awake strabismus patients, also.21 Certain substances can 
augment oculocardiac reflex during strabismus surgery 

Table 2 Non-Parametric Comparisons and Regressions Concerning Oculocardiac Elicited by ROP Examinations. Strab is Strabismus 
Surgery Under General Anesthesia. ROP is Routine Staging Ophthalmic Exams for Retinopathy of Prematurity. OCR 1 in the Patient’s 
Initial Heart Rate Response During Serial ROP Exams. GA is Gestational Age and BW is Birth Weight in Grams. OCR1 is the Exam 
Induced Maximally Changed Heart Rate from Stable Baseline (Pre). %OCR is the Maximally Changed Heart Rate as a Percent of the 
Stable Baseline Heart Rate. C is the Critical Value

Regressions and Non-Parametric

OCR strab vs ROP Mann–Whitney z = 21.049 C = 1.96 p<0.01

OCR ROP Twin Mann–Whitney z=1.27 C = 1.96 p=0.20

OCR ROP Kruskal–Wallis X2(7) = 24.27 C = 14.07 p<0.01
pre vs Weeks Product Moment r(610) = 0.11 C = 0.079 p<0.01

OCR-1 vs weeks Product Moment r(610) = 0.324 C=0.079 p<0.01

OCR% vs weeks Product Moment r(610) = 0.323 C = 0.079 p<0.01
%OCR vs worst stage Kruskal–Wallis X2(2) = 15.57 C = 5.991 p<0.01

%OCR vs treated Mann–Whitney z = 1.413 C = 1.96 p=0.16
%OCR vs GA Product Moment r(279) = 0.333 C = 0.117 p<0.01

%OCR vs BW Product Moment r(279) = 0.347 C = 0.117 p<0.01

%OCR vs weeks sorted Product Moment r(136) = 0.307 C = 0.167 p<0.01
OCR1 vs weeks sorted Product Moment r(136) = 0.359 p<0.01

pre vs Weeks sorted Product Moment r(136) = 0.287 C= 0.167 p<0.01

6 OCR re-exams Kruskal–Wallis X2(5) = 10.39 C = 11.07 p=0.06
6%OCR by weeks Product Moment r(136) = 0.354 C = 0.167 p<0.01

Figure 2 Influence of gestational age on oculocardiac reflex during ROP exams: Patients who had at least six serials exams. Blue diamonds represent the stable pre-exam 
heart rate, orange triangles represent the maximally changed heart rate during lid speculum, scleral-depressed indirect ophthalmoscopy exam and green circles represent the 
OCR as a percent of stable pre-exam heart rate.
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such as fast-acting opioids22,23 and dexmedetomidine.24 

For this reason, we excluded cases treated with those and 
with anticholinergics for our comparison group. 
Additional care should be considered for infants under-
going inpatient or outpatient retinal exams and/or retino-
pathy of prematurity treatment when opioids or this alpha- 
2 adrenergic agonist sedative have been administered.

Abbreviations
AAP, American Academy of Pediatrics; BW, birth weight; 
b.p.m., beats per minute; EOM, extraocular muscle; GA, 
gestational age; HIPAA, Health Insurance Portability and 
Accessibility; NICU, neonatal intensive care unit; OCR, 
oculocardiac reflex; ROP, retinopathy of prematurity.
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