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Abstract

Purpose—To investigate the effects of topical application of ophthalmic 5% povidone-iodine eye
drops, which has been reported to cause apnea in spontaneously breathing children during general
anesthesia.

Methods—The authors conducted a randomized, controlled, single-blinded study comparing the
effect of balanced salt solution eye drops and povidone-iodine eye drops on respiration in
spontaneously breathing children during general anesthesia with sevoflurane via a laryngeal mask
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airway. Fifty patients received balanced salt solution eye drops and 50 patients received 5%
povidone-iodine eye drops.

Results—None of the control patients had a significant change in respiration. Thirty of the 50
(60%) povidone-iodine patients had a slowing of respiration within the first 6 breaths after eye
drop instillation (P < .001). The median time of respiratory pause in those 30 patients was 18.5
seconds (range: 4.36 to 96.2 seconds). Among the povidone-iodine patients, children with a
history of a prior tonsillectomy and adenoidectomy and/or bilateral myringotomy had a 7.2 times
greater chance of experiencing a change in respiration after instillation of the povidone-iodine eye
drops.

Conclusions—Topical application of 5% povidone-iodine eye drops causes a slowing and pause
in spontaneous ventilation in a majority of children prior to strabismus surgery. This may represent
activation of the diving reflex.

INTRODUCTION

An observational study published by Emhardt et al.! demonstrated that 54% of
spontaneously breathing children under general anesthesia developed apnea after the topical
application of 5% povidone-iodine ophthalmic antibacterial solution to the eye. Due to the
observational nature of their study, no mechanism for the apnea could be delineated. We
were concerned that the mechanical stimulation of the povidone-iodine eye drops on the eye
may trigger a reflex response manifested as apnea. To more clearly assess changes in
respiration caused by povidone-iodine eye drops, we designed a randomized, single-blinded,
controlled study with more robust power.

PATIENTS AND METHODS

After approval by the institutional review board of the Medical University of South Carolina,
informed parental consent, and patient assent (when appropriate), 100 patients (2 to 17 years
of age) scheduled for strabismus surgery were enrolled in the study. Patients were
randomized in 1:1 allocation using simple randomization to receive either ophthalmic
balanced salt solution (control group) or 5% buffered ophthalmic povidone-iodine solution
(povidone-iodine group). Patients were blinded to treatment assignment. Although the study
was single-blinded, the study statistician was blinded to treatment assignment for the
analyses and was only unblinded after results were reported. All decisions concerning
clinical care of each patient were rendered by the anesthesiologist of record. Exclusion
criteria included a history of adverse reaction to iodine, history of thyroid disease, patients
requiring tracheal intubation, a contraindication to sevoflurane, or an inability or
unwillingness by the patient and/or legal guardian to give informed consent.

Anesthesia was induced with sevoflurane in oxygen by face mask. After an appropriate
depth of anesthesia was attained, an intravenous catheter was inserted into a peripheral vein
and an appropriately sized laryngeal mask airway was inserted. The study intervention
commenced once the laryngeal mask airway was secured and the patient reached a steady
state of anesthesia. Patients were randomized as described above to one of two groups. The
povidone-iodine group received three drops of 5% buffered ophthalmic solution (Alcon
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Laboratories, Inc., Fort Worth, TX) instilled into each eye (right eye first) and the control
group received three drops of ophthalmic balanced salt solution (BSS; Alcon Laboratories,
Inc.) instilled into each eye (right eye first). Both solutions were at room temperature.

Because the definition of apnea is arbitrary and varies from study to study, we measured
changes in the respiratory rate by timing the peak-to-peak intervals on the end-tidal carbon
dioxide waveform on the capnograph.2 This technique is similar to calculating the heart rate
by measuring the R to R interval on the electrocardiograph. The time measurements were
obtained by using the lap feature on the stopwatch of an Apple iPhone (Apple, Inc.,
Cupertino, CA) and observing the capnograph. Physiologic and pharmacologic data
collected included heart rate, blood pressure, respiratory rate, arterial oxygen saturation,
end-tidal carbon dioxide, and inspired and expired sevoflurane. Medical history information
collected during the preoperative interview from each patient included age, weight, gender,
coexisting diseases, prior surgery, and any history of prematurity.

Statistical Analysis

An a priori size calculation was conducted prior to the study. Assuming no change in the
peak-to-peak end-tidal carbon dioxide interval time after eye drop instillation in the control
group, and a peak-to-peak interval time variability of +4 seconds, a sample size of 50
patients per group (100 patients total) provided greater than 80% power to detect an increase
in change in peak-to-peak interval of 2.5 seconds in the povidone-iodine group compared to
the control group assuming equal variance between the two groups using a two-sided test
with a significance level at alpha = 0.05.

Descriptive statistics by treatment group were estimated for patient and procedural
characteristics. Differences in peak-to-peak interval time between the control and povidone-
iodine groups were examined using a linear mixed model approach. Based on the a priori
analysis plan, the model included fixed effects for treatment, breath number, a treatment by
breath number interaction, and a random subject effect to account for correlation between
measures collected on the same patient. The model also controlled for factors thought to be
associated with respiratory rate, including age, preterm birth, history of apnea, and breath
duration prior to eye drop installation. Comparisons of breath duration between treatment
groups at each of 15 breaths after eye drop instillation were estimated from the model using
Bonferroni corrected significance.

A secondary outcome of interest was occurrence of a significant change in respiration.
Although apnea has been defined in the literature as a breath duration of 10 to 20 seconds,
this definition is arbitrary and fails to account for within- and between-subject variability of
breath duration. To account for within- and between-subject variability, we defined changes
in respiration as having a breath duration greater than twice the interquartile range above the
75th percentile for breaths within-subject for the 10 breaths prior to and 15 breaths after
instillation of eye drops. Associations between occurrence of change in respiration with
patient and procedural characteristics were evaluated using univariate logistic regression
models. Notably, no participants in the control group experienced a change in respiration;
therefore, all additional univariate tests were conducted on the subset of patients who
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received povidone-iodine eye drops. All analyses were conducted in SAS software (version
9.4; SAS Institute, Cary, NC).

Participant and procedural characteristics of the two groups are reported in Table 1.

The only participant difference in the two groups was that the control group had a higher
incidence of prior strabismus surgery (P=.013). Depth of anesthesia based on expired
sevoflurane concentration at the time of eye drop instillation was not different between the
two groups. The only significant difference in vital signs before and after eye drop
instillation was a decrease in diastolic blood pressure, but this decrease was not different
between the two groups.

Average Breath Duration After Eye Drop Instillation

Treatment group, breath number, treatment group by breath number interaction, and average
breath duration prior to eye drop instillation were significant (£ < .001; type Il F test).
Figure 1 shows the mean difference in breath duration in seconds after eye drop instillation
by treatment group controlling for covariates in the model.

All significant differences between the treatment groups in breath duration occurred between
the third and sixth breaths. Specifically, patients in the povidone-iodine group had
significantly longer breath duration at breaths 3, 4, and 6 following eye drop instillation (P
=.012, <.001, and < .001, respectively) (Figure 1). Breath duration between the treatment
groups was not different before the third breath or after the seventh breath.

Occurrence of a Significant Change in Respiration

Thirty of the 50 povidone-iodine patients showed at least one episode of a change in
respiration in the 15 breaths after eye drop instillation compared to none of the 50 control
patients (P < .001). The median time to a change in respiration among those patients who
experienced a change was 6.9 seconds (interquartile range: 5.31, range: 2.60 to 25.7
seconds). The median duration of respiratory pause was 18.5 seconds (interquartile range:
22.5, range: 4.36 to 96.2 seconds).

We also examined the associations between a significant change in respiration with
secondary characteristics in the povidone-iodine patients. Of note, depth of anesthesia based
on expired sevoflurane concentration at the time of eye drop instillation in the povidone-
iodine patients was not different between those who experienced a significant change in
respiration compared to those who did not (P=.378, mean + standard deviation % expired
sevoflurane for no change was 4.9 + 1.5 and for those who had a change was 4.5 + 1.5.
Patients in the povidone-iodine group with a history of tonsillectomy and adenoidectomy
and/or bilateral myringotomies had a 7.2 times the likelihood of respiratory change
compared to those without a history of tonsillectomy and adenoidectomy and/or bilateral
myringotomies. Sex was marginally associated with a respiratory change, with females
having 2.4 times the likelihood of respiratory change compared to males (£ =.091, odds
ratio = 2.43, 95% confidence interval: 0.87, 6.79).
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DISCUSSION

The results of this study are similar to those presented by Emhardt et al. Sixty percent of
our patients in the povidone-iodine group demonstrated a change in spontaneous respiration
after the instillation of povidone-iodine eye drops. In contrast to Emhardt et al.’s study, our
study was a randomized, controlled study that measured multiple variables. Ophthalmic
balanced salt solution eye drops were instilled into the eyes of the control group. The control
group had no significant change in respiration after instillation of the eye drops. Although
the precise mechanism for the effect of the povidone-iodine eye drops on respiration cannot
be delineated from our study, we can exclude some influences that Emhardt et al.’s study
could not. A mechanical effect of the eye drops is not likely because the technique for
administration of the balanced salt solution and povidone-iodine eye drops was the same.
Although studies measuring pain after the instillation of povidone-iodine eye drops have
produced conflicting results, pain or discomfort from povidone-iodine eye drops was an
unlikely cause of a change in respiration because all of the patients were deeply anesthetized
(2.2 to 2.4 minimum alveolar concentration).3->

Goudarzi et al.® reported no apnea in a study of 41 children who received 10% povidone-
iodine eye drops. They defined apnea as a respiratory pause of 20 seconds or more.
However, their patients did experience a decrease in respiratory rate. If we applied Goudarzi
et al.”s definition of apnea to our patients, only half of our 30 patients who experienced a
change in respiration would have met their definition of apnea. Our study used a much more
sensitive method of detecting subtle changes in respiratory rate. Another explanation of the
difference in our study and Goudarzi et al.’s is the chemical composition of povidone-
iodine. The bactericidal effect of povidone-iodine is secondary to the effect of free iodine.
Lower concentrations of povidone-iodine release more free iodine. If free iodine is the
trigger that causes a slowing of respiration, the 5% povidone-iodine solution could be
expected to produce a greater effect than a 10% solution.

An unexpected, but not unsurprising, finding in our study was an increased likelihood of
respiratory changes within the povidone-iodine patients in children with a history of
tonsillectomy and adenoidectomy and/or bilateral myringotomies. This finding might
suggest that previous tonsillectomy and adenoidectomy sensitizes pharyngeal receptors and
povidone-iodine eyedrops stimulated the nasopharyngeal reflex. However, the transit time of
solutions such as fluorescein from the eye to the nasopharynx via the nasolacrimal duct
averages 1.4 minutes and the slowing of respiration in our patients occurred within seconds.’
It seems more likely that the underlying pathology of sleep disordered breathing in children
with tonsillar hypertrophy and recurrent otitis media increases the risk of a decrease in
spontaneous breathing rate during anesthesia.® Recurrent otitis media is associated with a
higher incidence of obstructive sleep apnea.® Although tonsillectomy and adenoidectomy
reduces the severity of obstructive sleep apnea, many children with sleep disordered
breathing still have residual sleep apnea after tonsillectomy and adenoidectomy.10 We also
found that females have a greater likelihood of respiratory slowing after povidone-iodine eye
drops, but this was only a marginal association likely due to the limited power of the study
for this variable. None of our patients experienced any adverse event.
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We confirmed that instillation of 5% povidone-iodine ophthalmic eye drops decrease the rate
of spontaneous breathing in children and causes respiratory pauses of varying duration
during general anesthesia with sevoflurane. However, our study did eliminate the effect of
mechanical stimulation of eye drops causing a change in respiration. Although this study
was not designed to fully delineate the cause of respiratory changes, one possible
mechanism for the effect of povidone-iodine eye drops on respiration is activation of a
trigeminocardiac reflex. The most likely trigeminocardiac reflex is the diving reflex or the
nasopharyngeal reflex. The diving reflex is characterized by a slowing of respiration after
submersion of the face in water and stimulation of receptors in the forehead and eyes is a
sensitive trigger of the diving reflex in humans.1! Most cases of trigeminocardiac reflex that
occur during anesthesia can be effectively treated by cessation of the inciting stimulus or the
administration of an anticholinergic. However, there are reports of severe cardiovascular
effects from trigeminocardiac reflexes that are resistant to therapy.12-14

Carefully designed future studies that may better define the mechanism for our findings
might include the effect of cold ophthalmic solutions, more dilute ophthalmic povidone-
iodine solutions, application of topical anesthetics prior to instillation of povidone-iodine
solutions, and the effect of the prior administration of an anticholinergic such as
glycopyrrolate or atropine.
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Figurel.
Least square mean (95% confidence intervals) for breath duration at breaths 1 to 15 by

treatment group (control or povidone-iodine) after eye drop instillation estimated from a
linear mixed model including fixed effects for treatment, breath number, a treatment by
breath number interaction, average breath duration prior to instillation, patient age, history
of apnea, and preoperative midazolam use. The model also included a random subject effect
to account for the correlation between measures collected on the same patient. Significant
differences in breath duration between treatment groups were noted at breaths 3, 4, and 6.
The Pvalues shown on the figure are the Bonferroni adjusted P values for these three
pairwise comparisons.
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