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Can the Side Effects of Mydriatics Be Reduced with the ROP-
bundle Protocol?
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ABSTRACT

Aim: The mydriatics that used for pupil-dilation in the examination of retinopathy-of-prematurity (ROP) may cause some side-effects in the
neurological, gastrointestinal, cardiovascular systems by absorption from the nasal mucosa, cornea, conjunctiva, skin. In order to minimize these
side-effects, it's recommended to prepare mydriatics in appropriate concentrations, combinations, and to apply pressure on the naso-lacrimal
canal by closing the eyes after the application. In this study, we aimed to evaluate the systemic side-effects in the early period of using 0.5%
cyclopentolate-1% phenylephrine combination for pupil-dilatation before the ROP-examination and with the protocol we applied after dripin our unit.
Materials and Methods: Thirty-three ROP examinations of 17 cases were included in the study, which was planned retrospectively. After
instillation of eye drops containing 0.5% cyclopentolate-1% phenylephrine combination in accordance with our ROP-bundle-protocol, the eye
was closed, pressure was applied to the naso-lacrimal canal for 1-2 minutes, and the excess part that had leaked into the skin was wiped off.
Oxygen saturation (Sa0,), the amount of oxygen given, blood pressure arterial (TA), heart rate were recorded before and after the drop at 10,, 30,,
and 60. minutes. In addition, patients were followed up for 24 hours in dimensions of gastric-residue, distention, apnea and other side-effects.
Results: The mean-week of gestation, body weight of 17 newborns, 35.3% (6) of whom were boys, 64.7% (11) of girls, were found to be 27.6+3
weeks, 1025+389 g, respectively. In 33 evaluations made before and after mydriatic in 17 cases; distension developed in two cases, apnea
in one, and pallor of the skin in one patient. Although there was a statistically significant difference only in Sa0, and 60" minute systolic
TA-measurements between pre- and post-treatment measurements, hemodynamic changes were not evaluated as clinically significant.
Conclusion: In-order-to reduce the side-effects that may develop due to mydriatics, it's necessary to standardize the practices before and after the
ROP-examination, close follow-up of the cases after the ROP-examination in terms of early intervention.
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0z
Amag: Prematiire retinopatisi (ROP) muayenesinde pupil dilatasyonu icin kullanilan midriyatikler; nazal mukoza, kornea, konjonktiva ve deriden
emilerek norolojik, gastrointestinal ve kardiyovaskiiler sistemde bazi yan etkilere neden olabilmektedir. Bu yan etkilerin en aza indirilebilmesi icin
midriyatiklerin uygun konsantrasyon ve kombinasyonlarda hazirlanmasi, uygulama sonrasinda gozlerin kapatilip nazo-lakrimal kanal tizerine basi
uygulanmasi onerilmektedir. Bu calismada, tnitemizde ROP muayenesi &ncesinde pupil dilatasyonu amaciyla kullanilan %0,5 siklopentolat-%1
fenilefrin kombinasyonu ve damla sonrasi initemizde uyguladigimiz protokol ile erken dénemdeki sistemik yan etkileri degerlendirmeyi amacladik.
Gerec ve Yontem: Retrospektif olarak planlanan calismaya 17 olguya ait 33 ROP muayenesi dahil edildi. ROP-bundle protokoliimiize uygun olarak %0,5
siklopentolat-%/1 fenilefrin kombinasyonunu iceren g6z damlalarinin damlatilmasindan sonra g6z kapatilip, nazo-lakrimal kanala 1-2 dakika siireyle
basi uygulandi ve deriye sizan fazla kismisilindi. Damla éncesinde ve sonrasi 10., 30., 60. dakikalarda oksijen satlirasyonu [SaOZ], verilen oksijen miktari,
tansiyonarteriyel (TA), kalp tepe atimi kaydedildi. Ayrica hastalar 24 saatsiireyle gastrik rezid{, distansiyon, apne ve digeryan etkileragisindan takip edildi.
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Bulgular: Calisma kapsaminda 9%35,3'l (6) erkek ve %64,7'si (11) kiz olmak Uzere degerlendirilen 17 yenidoganin ortalama gestasyon haftasi ve
viicut agirhklar sirasiyla 27,643 hafta ve 1025+389 gr saptandi. On yedi olguda midriyatik 6ncesi ve sonrasi yapilan 33 dederlendirmede; iki olguda
distansiyon, birinde apne ve bir olguda da deride solukluk gelisti. Tedavi 6ncesi ile sonrasi dl¢limler arasinda sadece Sa0, ve 60. dakika sistolik
TA dlclimiinde istatistiksel acidan anlamli bir farkhhk saptansa da hemodinamik degisiklik bakimindan klinik olarak anlamli degerlendirilmedi.
Sonuc: Midriyatiklere bagli gelisebilecek yan etkilerin azaltiimasi amaciyla ROP muayenesi 6ncesi ve sonrasindaki uygulamalarin standardize
edilmesi, erken miidahale acisindan ROP muayenesi sonrasi olgularin yakin izlemi gereklidir.

Anahtar Kelimeler: Prematiire retinopatisi, yenidogan, siklopentolat, fenilefrin

INTRODUCTION

Premature births are an important public health problem
all over the world. In recent years, developments related
to neonatal intensive care in developing countries such
as China, India and Turkey have caused some morbidities
such as retinopathy of prematurity (ROP) to be seen more
frequently in this group of premature babies, together with
the increase in survival rates of premature babies. ROP, which
is a common complication of preterm birth, is a pathology in
which immature blood vessels in the retina are affected and
which can cause severe visual impairment and even blindness.
ROP, which affects approximately 80% of premature babies
with a birth weight of less than 1000 g, is the most important
cause of visual impairment in children under 5 years of age in
developed countries. Its incidence is tried to be reduced with
optimal oxygen use strategy, early diagnosis with ROP screening
protocols, and appropriate treatments'2. In order not to delay
the treatment, screening examinations should be done on
time, and adequate pupil dilation should be ensured before the
ROP examination. Due to the possible side effects of eye drops
used for mydriasis, different concentrations and combinations
of phenylephrine, cyclopentolate, and tropicamide have been
tried to provide both safe and adequate pupil dilation. The main
reason for concern in the use of mydriatics is that 80% of the
drops enter the nasolacrimal duct after ocular administration
and pass into the systemic circulation via the nasal mucosa
and their systemic effects occur?®. Hypertension, hypotension,
tachycardia, bradycardia, apnea, cardiopulmonary arrest,
seizure, necrotizing enterocolitis (NEC), sepsis and even death
may develop in patientsin relation to cardiovascular, respiratory,
central nervous system and gastrointestinal side effects due
to the systemic effects of mydriatics®®. Phenylephrine makes
vasoconstriction and causes increase in blood pressure and
tachycardia; anticholinergics cause temporary bradycardia
followed by tachycardia, palpitations and arrhythmias®.

In this retrospective study, we aimed to evaluate how the
ROP bundle protocol, which we routinely applied in our unit,
affected the short-term results after drop.

MATERIALS AND METHODS

The files of premature infants who underwent ROP examination
in our 18-bed tertiary neonatal intensive care unit between
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May 2011 and January 2012 were retrospectively reviewed.
Approval for the retrospective study was obtained from the
Non-Interventional Clinical Research Ethics Committee of
Pamukkale University (decision no: E.349665, date: 28.03.2023).

Selection and Definition of Cases

Considering the recommendations of the American Academy
of Pediatrics and the American Academy of Ophthalmology,
ROP screening was performed for all infants with a birth
weight of <1500 g and/or a gestational week of <32 weeks
and a birth weight of 1500-2000 g or a gestational age greater
than 32 weeks, taking cardiopulmonary support, who were
clinically unstable and who were thought to be at risk for ROP
by the clinician®.

Patients with congenital anomaly, cardiovascular instability
and need for inotropes were not included in the study.

Technical Information

ROP examinations are carried out by the specialist
ophthalmologist in our clinic regularly on the same days, more
frequently when necessary, at the bedside.

One hour before the ROP examination, 1% phenylephrine-0.5%
cyclopentolate combination for pupil dilation was applied
three times in each eye at O™, 5" and 10" minutes. In order to
minimize the passage of eye drops into the systemic circulation,
the eye was closed after the procedure, pressure was applied
to the lacrimal canal for 1-2 minutes, and the excess part of
the drop that leaked into the skin was wiped with a sterile
sponge. In patients with adequate pupil dilation with 1%
phenylephrine-0.5% cyclopentolate, eye examinations were
performed 60 minutes after the start of mydriasis by the same
experienced ophthalmologist, independent of the study.

Before and after mydriatic administration, at the 10*", 30t, 60"
minutes, oxygen saturation (SaOz), amount of oxygen delivered,
arterial blood pressure, heart apex beat and gastric residue for
24 hours, abdominal distension, apnea, and skin pallor were
evaluated. Hemodynamic changes were also evaluated before
the ROP examination was performed.

Statistical Analysis

Patient data collected within the scope of the study were
analyzed with the IBM Statistical Package for the Social
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Sciences for Windows 23.0 (IBM Corp., Armonk, NY) package
program. Frequency and percentage for categorical data
and mean and standard deviation for continuous data were
given as descriptive values. ANOVA test was used for repeated
measurements and paired samples test was used for paired
comparisons to evaluate the difference between pre-treatment
and post-treatment measurement values. Cases with a p value
less than 0.05 were considered statistically significant.

RESULTS

A total of 17 patients, including 6 boys (35.3%) and 11 girls
(64.7%), were included in the evaluation within the scope of
the study. The distribution of demographic and clinical data of
infants is given in Table 1.

In 33 ROP examinations of 17 patients included in the study,
the pre- and post-mydriatic evaluation revealed distension
in two cases, apnea in one patient, and skin pallor in one
patient after the drip (Table 2). Complications developed in the
patients were not resistant and additional medical treatment
was not required.

Table 1. Distribution of demographic and clinical findings of

patients

n=17 case n (%) or Mean+SD
Gender

Male 6 (35.3)

Female 11 (64.7)
Gestational week 27.6+3

Body weight (gr) 1025.9+389.4
Adjusted age (week) 34.4+3.4

Type of birth

NSVD 2(11.8)

C/S 15 (88.2)

Apgar score (1°t minute) 6.2+1.1

Apgar score (5™ minute) 7.940.7

Time of examination (day) 49+17.8

SD: Standard deviation, NSVD: Normal spontaneous vaginal delivery, C/S: Cesarean
section

Table 3 shows the distribution of clinical data measured at
the pre-treatment and post-treatment 10™, 30" and 60™
minutes of the babies included in the evaluation. In the table,
considering the analyses of repeated measurements before
and after the treatment, although there was a statistically
significant difference only in the measurement of SaOz, SaO2
was within the target saturation range and there was no need
for additional oxygen. When we made a double comparison
between the pre-treatment and the 60™ minute of the
treatment, a significant increase in systolic blood pressure was
found (p=0.019), but it was not at the border of hypertension
and did not persist.

DISCUSSION

In our study, a low concentration of 1% phenylephrine-0.5%
cyclopentolate combination was used for mydriatic effect
before the ROP examination. In order to reduce the systemic
absorption of the drug after the drop, the patient's eyelid
was closed, the excess part that had leaked into the skin was
wiped off, and pressure was applied to the nasolacrimal duct
for 1-2 minutes. After this application, which we called the
ROP-bundle protocol, it was determined that there were no
serious systemic side effects and no significant deterioration
in hemodynamic parameters that would affect the clinical
condition of the baby.

After absorption of topically applied mydriatics through nasal
mucosa, cornea or conjunctiva, they pass into the systemic
circulation, and may cause some side effects such as increased
blood pressure, bradycardia or tachycardia in the cardiovascular
system; desaturation and apnea in the respiratory system;
feeding intolerance, abdominal distention, ileus, NEC in the

Table 2. Distribution of complications after drops in patients

ROP examination (n=17) n (%)
Apnea 1(5.9)
Skin pallor 1(5.9)
Distention (4" hour) 1(5.9)
Distention (12" hour) 1(5.9)
ROP: Retinopathy of prematurity

Table 3. Distribution of clinical findings of patients before and after treatment

. Post-treatment 10* Post-treatment 30t Post-treatment 60t
Variables Pre-treatment . . .
minute minute minute p value
(n=33 measurements)
Mean+SD Mean+SD Mean+SD Mean+SD
Sa0, 94.4+3.1 94.8+2.6 93.8+3.2 95.31+3.2 0.049
FiO2 31.5+16.1 31.5+16.2 31.6+16.8 31.7+14.3 0.936
HPB 147.1412.7 149.4+15.1 148.8+14.4 149.5+13.4 0.743
Systolic blood pressure | 66.8+12.5 69.6+12.8 68.3+13.5 71.7£14.3 0.051
Diastolic blood pressure | 38+11 38.7+13 37.8+11.1 39.8+11.1 0.694

SD: Standard deviation, Sa0,: Arterial oxygen saturation, FiO,: Fractionated oxygen concentration, HPB: Heart peak beat
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gastrointestinal tract; and apnea and convulsions in the central
nervous system. In order to prevent the passage of ocularly
applied drugs into the systemic circulation, applications
such as applying pressure to the nasolacrimal canal, wiping
the excess part of the drop that leak into the skin, using the
microdrop form, reducing the number and the frequency of
drops are recommended*#1°,

In the meta-analysis published by Kremer et al:® in 2019, in
which mydriatics were evaluated, it was stated that different
concentrations and combinations were used, the lowest dose
providing adequate pupil dilation in terms of efficacy and
the most appropriate content was the combination of 1%
phenylephrine-0.2% cyclopentolate (1-2 drops), and the safety
profile would increase even more with low dose microdrop
application, but more studies were needed for the evaluation
of efficacy. In addition, the demonstration of that low-dose
mydriatics have comparable efficacy with higher doses has led
clinicians to use low doses for pupil dilation®. We were able to
provide adequate pupil dilation for ROP examination in all our
patients with 1% phenylephrine-0.5% cyclopentolate, which
we applied in low concentration for mydriasis before the ROP
examination.

Due to the fact that mydriatics available in the market are
produced for adults, their higher concentrations and larger
volume drop forms pose a risk in terms of side effects. In
order to reduce complications, mydriatics are administered in
neonatal units by diluting them to the targeted concentration,
and measures are taken for drop size*®. Elibol et al.’, in their
prospective study, compared clinical efficacy and systemic
side effects of mydriatics by using microdrop (mean drop
volume 5.6 pL) and standard drop (mean drop volume 35.4 pul)
forms. Adequate pupil dilation in all patients and the mean
blood pressure, which was significantly higher in the group in
which standard drops were applied, suggested that reducing
the droplet volume might reduce possible side effects. It was
concluded that mydriatics should be dropped with a small
diameter intravenous cannula until the use of microdrops in
premature infants is standardized in well-designed studies. In
our study, no planning could be made regarding the drop size
of mydriatics.

Although two or three drops of mydriatics are generally
recommended for adequate pupil dilation in ROP screening,
a single drop is considered sufficient in outpatient
examinations. In a study using 1% phenylephrine-0.2%
cyclopentolate combination for ROP screening and comparing
the effectiveness of different numbers of drops, 64 eye
examinations were performed on 15 babies, and no significant
difference was found between pupil sizes. It was stated that
pupil dilation could be achieved with less than three drops,
and even a single drop might be sufficient for most infants™.
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The Turkish Neonatology Society recommended that 2.5%
phenylephrine-0.5% tropicamide should be administered 2-3
times with 5-minute intervals before the ROP examination®. In
our study, we dropped mydriatics three times with a 5-minute
interval and provided sufficient pupil dilation. Considering
the studies conducted, we think that the number of drops can
be reduced in practice, since adequate pupil dilation can be
achieved, considering the side-effect profile.

Kremer et al® reported a statistically a significant increase
in mean blood pressure of 3.4-22.8% in eight studies, and a
significant decrease in mean blood pressure of 1-17.1% in
four studies. In our study, although there was a statistically
significant increase in systolic blood pressure at the 60"
minute after the drop, it was observed that it did not persist
and it improved.

Vasoconstriction, which occurs with the effect of phenylephrine,
disrupts the perfusion of the intestines, and anticholinergics
reduce peristalsis and may cause nutritional intolerance,
abdominal distention, ileus and NEC in the gastrointestinal
tract’*2. In the study of Jiang et al.” published in 2016, it
was reported that after phenylephrine and tropicamide,
approximately 10% of NEC developed and there was an increase
in upper gastrointestinal system bleeding. Bonthala et al."
showed that with 1% phenylephrine and 0.2% cyclopentolate,
duodenal motor contractions were reduced approximately
four times and gastric emptying was significantly delayed. In
a randomized controlled study that compared three different
drug regimens to evaluate gastrointestinal side effects, it was
concluded that the combination of 1% phenylephrine-0.2%
cyclopentolate provided adequate pupil dilation with minimal
systemic side effects'. In the study conducted by Mitchel et
al.2 blood levels of mydriatics were evaluated in patients with
Gl involvement after 1% phenylephrine-0.2% cyclopentolate
combination, and a positive correlation was found between
cyclopentolate level and residue. In our study, after -1%
phenylephrine-0.5% cyclopentolate, GIS involvement was not
detected in two cases, except for abdominal distension.

Many case reports about the side effects of mydriatics
have been reported: Apnea with 1% phenylephrine-0.2%
cyclopentolate in two patients who underwent outpatient
ROP examination™; periorbital pallor, which regressed
spontaneously in both eyes after 2.5% phenylephrine-0.5%
cyclopentolate drops within 20 minutes and was thought to
occur due to the cutaneous absorption of vasoconstricting
phenylephrine'; transient paralytic ileus with abdominal
distention and feeding intolerance within hours in two cases
after drop of 1% phenylephrine-0.2% cyclopentolate™. In
our study, pallor in the periorbital region, which resolved
spontaneously, developed in one patient, and apnea developed
in one patient, which resolved with tactile stimulation. We
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think that ROP examinations should be done in a place with
intensive care conditions or resuscitation materials should
be available in the examination room for the safety of the
patients and for emergency response when necessary.

Study Limitations

The inability to use the microdrop form, the small number
of patients, and the inability to compare the side effects
of different concentrations of mydriatics are important
limitations of our study.

CONCLUSION

Despite the widespread use of mydriatic eye drops used for
targeted pupil dilation before ROP screening in neonatal
units, there are great differences in practice and the optimal
dose, number of drops, time between drops, time between
examination and drops are not standardized. In this study,
we observed that there may be an increase in systolic blood
pressure, abdominal distension, apnea and pale skin in
premature and very low birth weight babies despite the
ROP-bundle protocol we applied to minimize side effects.
We planned to add mydriatic drop volume reduction, which
we could not do in our study, to our ROP-bundle protocol. In
conclusion, further randomized, controlled, multicenter studies
are needed to develop approaches to reduce the transmission
of mydriatic drugs into the systemic circulation in premature
infants, to establish and standardize appropriate protocols
such as ROP-bundle.
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