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Introduction : Comparing with 10 % phenylephrine hydrochloride, the 2.5 %
concentration is potentially safer, and has been proved to be equally
effective in pupillary dilatation for posterior eye segment examination,
but it is not commercially available in Thailand.

Objective ¢ To study the sterility and stability of manually diluted 2.5 % phenylephrine
hydrochloride solutions.

Setting : Outpatient eye clinic, King Chulalongkorn Memorial Hospital.

Research design : Clinical experimental study.

Methods 2 The 10 % phenylephrine hydrochloride was manually diluted with normal

saline solution, Tears Naturale II® eye drop, balanced salt solution
and Opsil tears® eye drop to make four kinds of 2.5 % phenylephrine
hydrochioride solutions. All of the solutions were cultured on day 0, 1,
3, 5, 7, 10, and 14 after dilution to detect microbial contamination.
The 2.5 % solutions, in combination with 1 % tropicamide, were then
applied to the patients 0, 1, 3, 5, 7, 10, and 14 days after the dilution.
The pupillary size before and after application of the solutions was

measured under slit lamp biomicroscope.

* Presented in part as a poster at the 16" scientific meeting of the Royal College of Ophthalmologists of Thailand, Phetchaburi,
Thailand, December 2-4, 2005.
** Department of Ophthaimology, Faculty of Medicine, Chulalongkorn University
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Results : All of the microbial culture results were negative. A total of 189 eyes
from 101 patients (29 men, 72 women) were recruited. The mean age
of the patient was 50.6 * 17.3 years. The normal saline solution group
included 28 patients, the Tear Naturale II® eye drop group included
22 patients, the balanced salt solution group included 25 patients and
the Opsil tears® eye drop group included 26 patients. The manually
diluted 2.5 % phenylephrine hydrochloride solutions can increase
the pupillary size to approximate 7.1 to 8.8 mm.

Conclusion : All of the manually diluted 2.5 % phenylephrine hydrochloride solutions
in combination with 1% tropicamide has sufficient clinical efficacy for
the pupillary dilatation. The sterility and stability of the solutions

maintained for at least 2 weeks.
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Pharmacologic pupillary dilatation is
necessary for a thorough posterior eye segment
examination. Mydriasis can be achieved by
synergistic effect of sympathomimetic drugs and
parasympatholytic drugs, usually by instillation
of 10 % phenylephrine hydrochloride and 1 %
tropicamide eye drops. The former drug has a
potent sympathomimetic effect. In one drop, there is
3-4 times the maximum safe dose for intravenous
administration of the drug, even to a young
healthy adult."” In the manufacturer package
insert, the company recommends to instil the drug
not for more than 1 drop per eye per hour. There have
been reports of serious adverse events of 10 %
phenylephrine hydrochloride eye drop such as

2 acute myocardial infarction,”

severe hypertension,
acute subarachnoid haemorrhage,(z’ ventricular
arrhythmia,” and death."” The unfavourable
cardiovascular consequences are more pronounced
in diabetic patients, and patients receiving reserpine
or guanethidine.”’

Although a previous study has shown that
the cardiovascular effects are not different in 2.5 %
and 10 % phenylephrine groups during ophthalmic
surgeries, a larger controlled trial has shown that
2.5 % concentration of phenylephrine had lower effect
on blood pressure and pulse rate when compared
with its 5 % counterpart.®’ The rise in blood pressure
and heart rate was seen significantly in 5 % group
immediately after anaesthesia.

When comparing the effectiveness of 2.5 %
phenylephrine with 10 % phenylephrine, the pupillary
dilatation power has been clinically proven to be similar
in light-coloured irides,”® diabetic patients with

various iris colours,” and dark-coloured irides."*""

Chula Med J

A much lower concentration (0.5 %) of phenylephrine
may not be as effective as 2.5 % phenylephrine in
dark-coloured irides, as seen in a study of Chinese
population which found that 0.5 % phenylephrine in
combination with 0.5 % tropicamide has a lower
efficacy than 2.5 % phenylephrine in combination with
1 % tropicamide.”™

Due to possible serious adverse events, the
2.5 % solution is recommended to be used cautiously
in low birth weight infants, elderly, and patients who
take drugs that might enhance the cardiovascular side
effects such as atropine, monoamine oxidase
inhibitors, and tricyclic antidepressants.m)

The 2.5 % phenylephrine hydrochloride has
clinical effectiveness in pupillary dilatation as 10 %
phenylephrine but with potentially fewer side effects,
and therefore should replace 10 % phenylephrine in
general use. Unfortunately, 2.5 % phenylephrine
hydrochloride eye drop is not commercially available
in Thailand. Therefore, we conducted a study to
evaluate the sterility and stability of the manually
diluted 2.5 % phenylephrine by various available
solvents to find a suitable formula for a self-prepared

solution used for pupillary dilatation.

Methods

The study protocol was approved by the
Ethics Committee of the faculty. The manually diluted
2.5 % phenylephrine hydrochloride was prepared by
the hospital’'s pharmaceutical unit under a sterile
technique. The solvents used were normal saline
solution (Thai Otsuka Pharmaceutical, Samutsakormn,
Thailand), Tears Naturale II® eye drop (Alcon-Couvreur,
Puurs, Belgium), balanced salt solution (Baxter

Corporation, Canada) and Opsil tears® eye drop
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(Silom Medical, Bangkok, Thailand). One mL of 10 %
phenylephrine Hydrochloride (Mono drop® 10 % Neo-
Synephrine®, Winthrop Laboratories, New York, USA)
was diluted with 3 mL of the solvents to make four
different kinds of 2.5 % phenylephrine hydrochloride
solutions. After dilution, all of the solutions were stored
at 4 degree Celsius. Cultures for aerobic bacteria,
anaerobic bacteria, and fungus were done at day O,
1, 3,5, 7,10, and 14 after dilution.

Each of 2.5 % phenylephrine hydrochloride
solutions was applied to consecutive outpatients of
ophthalmologic department who required pupillary
dilatationon day 0, 1, 3, 5, 7, 10, and 14 after dilution.
The exclusion criteria were patients with previously
diagnosed hypertension, diabetes mellitus, any heart
diseases, iris abnormalities, any lesion of optic nerve
or oculomotor nerve, or other ophthalmic conditions
that might interfere with the pupil size measurement.
Those patients with a history of intraocular surgery,
using mydriatic drug or long-term use of miotics were

also excluded.
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One drop of 2.5 % phenylephrine hydrochloride
solution was instilled into the patient’s lower fornix,
followed by one drop of 1 % Tropicamide at 5 minutes
later, for three times in 10 minutes apart. The pupillary
size was measured under slit lamp biomicroscope just
before the first drop and at 30 minutes after the last
instillation. Approximately 3-5 patients were recruited

for the dilutions kept for each period of time.

Results

The culture results of ali kinds of 2.5 %
phenylephrine solutiononday 0, 1,3, 5,7, 10, and 14
were negative.

A total of 189 eyes from 101 patients (29 men
and 72 women) were included in the study. The mean
age of the patient was 50.6 £ 17.3 years. The normal
saline solution group, the Tear Naturale ||® eye drop
group, the balanced salt solution group, and the Opsil
tears® eye drop group included 28, 22, 25 and 26

patients, respectively (Table 1).

Table 1. Demographic data of the patients (total n = 101).

Patient data Type of 2.5 % phenylephrine hydrochloride solution
NSS TN BSS Opsil

Age (years)
Mean 534 50.2 48.6 497
Range (21 -74) (17 - 84) (17 - 83) (6 - 80)
Gender (n)
Male 8 8 7 6
Female 20 14 18 20

NSS = Normal saline solution, TN Il = Tear Naturale [I® eye drop,

BSS = balanced salt solution, Opsil = Opsil tears® eye drop
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Mean pupil size before dilatation with each
solution on day 0, 1, 3, 5, 7, 10, and 14 after mixture
are shown in Table 2. Mean pupil size at 30 minutes
after dilatation with each solutiononday 0, 1, 3,5, 7,
10, and 14 after mixture are shown in Table 3. All of

the 2.5 % phenylephrine solutions along with 1 %

Chula Med J

tropicamide can dilate the pupil up to 7.1-8.8 mm.
Mean difference of pupit size before and after dilatation
with each solution on day 0, 1, 3, 5, 7, 10, and 14
after mixture are shown in Table 4. The solutions can

increase the pupil size for at least 4 mm from baseline.

Table 2. Mean (range) of the pupil size at baseline in millimetres.

Day after mixture NSS TN BSS Opsil

0 26(2.1-3.0) 1.9(1.9-2.3) 28(24-3.0) 26(2.0-3.0)
1 2.4(2.0-3.0) 24(2.2-2.5) 3.2(2.5-5.0) 2.2(1.8-2.5)
3 2.2(2.0-2.3) 2.3(2.1-2.5) 2.3(2.0-25) 2.2(2.0-24)
5 21(1.8-2.5) 26(2.3-3.0) 24(2.0-3.0) 2.4(2.0-3.0)
7 2.4(1.8-3.0) 2.5(2.0-2.8) 2.3(2.0-2.7) 2.0(1.8-2.2)
10 2.3(21-2.7) 2.4(2.2-2.8) 2.2(2.0-2.5) 2.7(23-3.0)
14 25(2.2-34) 2.3(2.1-24) 22(2.0-2.5) 21(2.0-2.2)
NSS = Normal saline solution, TN il = Tear Naturale I® eye drop,

BSS = balanced salt solution, Opsil = Opsil tears® eye drop

Table 3. Mean (range) of the pupil size at 30 minutes in millimetres.

Day after mixture NSS TNII BSS Opsil

0 8.0(7.2-9.0) 8.4(7.8-8.8) 8.3(7.0-9.0) 8.2(7.7-9.3)
1 7.7(7.0-8.4) 7.5(6.8-8.0) 8.8(8.5-9.0) 7.7(7.4-8.0)
3 76(7.0-8.2) 7.1(55-8.2) 8.2(7.5-85) 8.1(7.4-9.0)
5 7.7{(7.1-8.1) 7.9(7.5-8.5) 7.8(7.5-8.0) 7.3(6.9-7.5)
7 8.0(6.8-9.2) 7.8(7.5-8.0) 8.4(8.0-8.8) 7.2(6.5-7.9)
10 7.8(75-8.2) 76(6.5-8.9) 78(7.1-84) 8.8(8.3-9.3)
14 7.8(6.9-9.0) 7.7(7.2-8.3) 8.3(7.5-9.2) 7.8(7.5-8.0)

NSS = Normal saline solution, TN Il = Tear Naturale I® eye drop, BSS = balanced salt solution,

Opsil = Opsil tears® eye drop
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Table 4. Increase in pupil size after dilatation with each solution. Values are in mean (range)

in millimetres.
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Day after mixture NSS TN BSS Opsit

0 5.4(4.8-6) 6.2(5.9-6.6) 5.4 (4.0-6.6) 59(4.7-6.8)
1 5.3(4.5-5.8) 5.2(4.2-5.8) 5.6(4.0-6.5) 55(4.9-6.2)
3 54(4.7-6.0) 5.1(3.0-5.8) 58(5.2-6.4) 59(5.1-6.6)
5 56(5.1-6.0) 53(5.2-5.5) 5.3(4.8-5.8) 4.9(4.2-5.5)
7 5.6(3.9-6.7) 5.4(5.0-6.0) 6.1(6.0-6.2) 52(4.5-5.9)
10 55(5.2-5.8) 52(4.3-6.2) 56(4.8-6.4) 6.1(5.9-6.4)
14 54(4.7-5.7) 5.5(5.0-6.0) 59(5.2-6.8) 5.7 (5.3-6.0)

NSS = Normal saline solution, TN Il = Tear Naturale |I® eye drop,

BSS = balanced salt solution,

Discussion

Although there were some reports of adverse
drug reactions possibly associated with ocular use
of 2.5 % phenylephrine hydrochloride, the 2.5 %
phenylephrine hydrochloride is potentially safer than
the 10 % concentration, and has been proved by
many studies to be equally effective for pupillary
dilatation.”""

We have demonstrated that the manually
diluted solutions with four different kinds of
commercially available solutions are clinically
effective. The pupil size in all solutions at different
time after mixture was sufficient for a complete
posterior eye segment examination. The average pupil
size after instillation with 2.5 % phenylephrine
hydrochloride in combination with 1 % tropicamide
was 7.1-8.8 mm and the average increase in pupil
size was 4.9-6.2 mm. Our results are compatible
with the previous studies. In a study using 1 %
cyclopentolate in combination with phenylephrine eye

drops, the mean pupil size in the 2.5 % group and

Opsil = Opsil tears® eye drop

10 % group were 8.0 mm and 8.2 mm, respectively.®
Another study in diabetic population found that in
combination with 1 % tropicamide, the mean (SD)
increase in pupil size in the 2.5 % group and 10 %
group were 3.56 (1.26) mm and 3.66 (1.30) mm,
respectively.® A study in Chinese subjects using 1%
tropicamide and 2.5 % phenylephrine found a mean
(SD) pupil diameter after dilatation of 7.00 (1.06) mm
and a mean increase of pupil size of 3.70 (0.97) mm."?

A question may be raised if this clinical
effectiveness is from tropicamide eye drop alone or
by the combinations of drugs. From our previous
study, we found that with tropicamide alone the mean
(SD) pupillary size at 30 minutes after the instillation

(14)

is approximately 6.2 (0.76) mm,"™ comparing with
another study where phenylephrine was used in
combination with 1 % tropicamide, the mean (SD) pupil
size was 7.35 (0.90) mm with 2.5 % phenylephrine
and 7.58 (0.77) mm with 10 % phenylephrine eye
drop."? These results support the synergistic effects

of both drugs in pupillary dilatation.



496 Sundaal laadivna uazAus

The major limitation in our study is that we
did not systematically evaluate the reported adverse
drug effect of 2.5 % phenylephrine hydrochloride
solution such as severe hypertension, syncope,
myocardial infarction, tachycardia, arrhythmia, and
fatal subarachnoid haemorrhage. However, we did not
find any serious side effects during the entire course
of the study.

In conclusion, all of the manually diluted
solutions of 2.5 % phenylephrine hydrochloride have
clinically sufficient potency for the pupillary dilatation.
Their sterility and stability maintained for at least

2 weeks.
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