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Relationship of inhaled ipratropium and inhaled salbutamol with pupil dilation:
A prospective observational study
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Abstract

This prospective randomized study aimed to compare the effects of nebulizer drugs on unilateral or bilateral dilation of the pupil that may
develop due to mask incompatibility or patient incompatibility in patients receiving inhaled therapy. Following the approval of the local ethics
committee, this study was carried out prospectively and observationally in the period from October 1, 2018 to April 1, 2019 in an emergency
clinic with an annual capacity of 600,000 patients in a tertiary education and research hospital. The patients were divided into three groups:
those given salbutamol alone (200 mcg), those given ipratropium alone (250 mcg/2ml), and those receiving both salbutamol and ipratropium.
The pupil diameters of the patients included in the study were measured twice using a pupilometer device at hours 0 and 2 of treatment. Ninety-
one patients that received inhaler treatment in the emergency department were included in the study. The process of treatments given to patients
with indications was not interrupted. Ipratropium and salbutamol (49.5%) were used together in 45 patients, ipratropium alone in 38 (41.7%),
and salbutamol alone in eight (8.8%). When the absolute delta ratios were compared, a statistically significant difference was observed between
the patients given salbutamol and those given ipratropium, and between the patients that received salbutamol and those given salbutamol and
ipratropium (p=0.001, 95% CI: 1.36-6.11 and p<0.001, 95% CI: 1.51- 6.19, respectively). Salbutamol caused statistically significantly greater
pupil diameter changes than the other drugs. Although neurological diagnoses are considered in patients with anisocoria, it should be kept in
mind that anisocoria may also be due to the current or the treatment being given.
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1. Introduction

Ipratropium and salbutamol are two agents recommended by treatment given with an ill-fitting mask is a well-defined

the current Global Strategy for the Diagnosis, Management,
and Prevention of Chronic Obstructive Lung Disease (GOLD)
guidelines for the treatment of chronic obstructive pulmonary
disease (COPD) (1). These active substances are usually
given to the patient by inhalation (2). For this treatment to be
effective, the mask through which the inhaler is applied must
fit the face snugly. As a result of an ill-fitting mask,
anisocoria cases have been reported in them literature (3, 4,
5). This situation forces clinicians to make a differential
diagnosis on a newly developing neurological pathology and
may lead to unnecessary use of resources, as well as
unnecessary radiation exposure and/or invasive procedures.

Anisocoria is typically defined as a difference of more
than 1 mm between the diameters of the two pupils,
characterized by an abnormally small unilateral pupil in the
dark indicating sympathetic damage and an abnormally large
unilateral pupil in light suggesting parasympathetic damage
6, 7).

Although the development of anisocoria because of the
application of inhaler beta agonist or anticholinergic
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clinical entity in case reports, to the best of our knowledge, no
related research paper has been published in the literature to
date. This prospective randomized study aimed to compare
the effects of nebulizer drugs on unilateral or bilateral dilation
of the pupil that may develop due to mask incompatibility or
patient incompatibility in patients receiving inhaled therapy.

2. Materials and methods

Following the approval of the local ethics committee, this
study was carried out prospectively and observationally in the
period from October 1, 2018, to April 1, 2019 in an
emergency clinic with an annual capacity of 600,000 patients
in a tertiary education and research hospital. Consent was
obtained from the patients included in the study and attention
was paid to patient privacy.

Patients who presented to the clinic and were
recommended inhaled treatment by clinicians to be
administered by nurses were asked to participate in the study.
Patients  with  cataracts, any  pupil  pathology,
sympathomimetic drug use, and a history of acute or previous
central nervous system pathology were excluded. The
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researchers did not interfere with the practice of nurses and
clinicians performing the treatment. The demographic data
(age, gender), comorbidities (hypertension, diabetes mellitus,
coronary artery disease, congestive heart failure, chronic
kidney disease, active malignancy) and drug groups were
recorded. The patients were divided into three groups: those
given salbutamol alone (200 mcg), those given ipratropium
alone (250 mcg), and those receiving both salbutamol and
ipratropium. Since salbutamol reaches a peak level in 15-30
minutes and continues its effect until 4-6 hours and
ipratropium reaches a peak level for 1-2 hours and continues
its effect for 6-8 hours, the reference time interval is taken as
the 2" hour. The pupil diameters of the patients included in
the study were measured twice using a pupilometer device at
hours 0" and 2™ of treatment. The right and left pupil
diameter measurements of the patient groups were undertaken
separately. The location of the patients and the amount of
light in the room were not changed during the treatment. The
examinations, follow-up and treatments of the patients were
performed in an environment at 2243 °C exposed to the same
light dose without any change in the location. This partly
allowed to obtain pupil diameter changes dependent on the
drug. The difference between the diameters of the right and
left pupils before and two hours after treatment was recorded
as absolute delta. The relationship between the absolute delta
values of the groups was statistically evaluated.

Statistical analysis was performed using SPSS version 26.
The suitability of variables to normal distribution was
examined by visual (histogram and probability graphs) and
analytical methods (Kolmogorov-Smirnov/Shapiro-Wilk
tests). Normally distributed continuous data were expressed
using mean and standard deviation values, while the data
without normal distribution were obtained as median and
interquartile ranges. Categorical data were indicated by
frequency and percentages. The comparison between the
groups was undertaken using Student’s t-test for the
independent continuous data with normal distribution, paired
t-test for dependent continuous data, the Mann-Whitney U
test for the independent continuous data without normal
distribution, and the Wilcoxon test for the dependent
continuous data without normal distribution. One-way
analysis of variance (ANOVA) was conducted to compare
multiple continuous data. The statistical significance level
was accepted as p<0.05.

3. Results

A total of 99 patients received inhaler treatment in our
emergency department from October 1, 2018 and April 1,
2019. Two of these patients were excluded because they had
anisocoria before treatment, and six were excluded due to
cataracts. Thus, 91 patients were evaluated in the study. Fifty-
one (56%) patients were male and 40 (44%) were female. The
process of treatments given to patients with indications was
not interrupted. Ipratropium and salbutamol were used in 45
(49.5%) patients, ipratropium alone in 38 (41.7%), and
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salbutamol alone in eight (8.8%) (Table 1).

The right and left pupil diameters of the patients were
compared before and two hours after treatment, and the data
were analyzed with the Wilcoxon test. Accordingly, no
statistically significant difference was found in the group that
was given salbutamol alone (p=0.499 and p=0.528,
respectively) and in the group given ipratropium alone
(p=0.482 and p=0.383, respectively). In the group receiving
both salbutamol and ipratropium, there was no statistically
significant difference for the right pupils (p=0.464) while a
statistically significant difference was observed for the left
pupils (p=0.011) (Table 2).

Table 1. Descriptive characteristics of the patients (n =91)

Age (median) (IQR 55-80)

(100%)
Male 51 (56%)
Female 40 (44%)
Patients given salbutamol alone 8 (8.8%)
Patients given ipratropium alone 38 (41.7%)
?atients. given salbutamol + 45 (49.5%)
ipratropium
Hypertension 39 (42.85%)
Diabetes mellitus 23 (25.2%)
Coronary artery disease 23 (25.2%)
Congestive heart failure 19 (20.8%)
Chronic kidney disease 3 (3.3%)
Active malignancy 5 (5.5%)

IQR, interquartile range

Table 2. Analysis of the right and left pupil diameter changes in
patients receiving salbutamol alone, ipratropium alone, and
combined therapy

Ther Right pupil diameter | Left pupil diameter
ierapy Change Change

Salbutamol alone 0.093 mm (£0.125)  —0.128 mm (0.128)

p value P=0.499 p=0.528

Ipratropium alone 0.005 mm —0.0lmm

pratropu (-0.03) - (0.06) (-0.032) - (0.052)

p value p=0.482 P=0.383

+

iﬁ?;;ﬁ‘i 0.01 mm ~0.02mm
(-0.045) - (0.08) (-0.01) - (0.075)

p value P=0.464 p=0.011

IQR, interquartile range

According to the Mann-Whitney U test, there was no
statistically significant difference in the changes in the right
and left pupil diameters between the salbutamol alone and
ipratropium alone groups (p=0.212 and p=0.582,
respectively), between the salbutamol alone and salbutamol +
ipratropium groups (p=0.209, p=0.921, respectively), and
between the ipratropium alone and salbutamol + ipratropium
groups (p=0.898 and p=0.318, respectively). The mean pupil
diameter was comparatively evaluated before and two hours
after treatment using the paired t-test. According to the
results, the differences in the mean pupil diameter between
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the two measurement times were not statistically significant
in any of the three groups (p = 0.683, 95% confidence interval
(CD: (-0.779) -(1.147) for salbutamol alone; p=0.528, 95%
CI: (-0.259) -(0.153) for ipratropium alone; and p = 0.159,
95% CI: (-0.046) -(0.272) for salbutamol + ipratropium)
(Table 3).The mean absolute delta values were 0.550 mm
(+0.146) for the patients given salbutamol alone, 0.175 mm
(+0.039) for those receiving ipratropium alone, and 0.164 mm
(£ 0.032) for those in the salbutamol + ipratropium group.
The relationship between these variables was compared using
one-way ANOVA, and no statistically significant difference
was found in the post-hoc analysis between the patients those
given ipratropium alone and those given salbutamol +
ipratropium (p>0.001). A statistically significant difference
was found in the post-hoc analysis between the patients given
salbutamol alone and those given ipratropium alone (Table 4),
as well as between those given salbutamol alone and those
given salbutamol + ipratropium (Table 5) (p = 0.001, 95% CI:
1.36- 6.11 and p <0.001, 95% CI: 1.51- 6.19, respectively).
Thus, no drug produced a statistically significant difference
between the mean pupil diameters measured before and after
treatment, but when the total pupil diameter change caused by
the drugs was compared numerically, the pupil diameter of
the group receiving salbutamol alone was significantly higher
than the other drug groups; thus, salbutamol led to statistically
significant changes in the pupil diameter.

Table 3. Analysis of the mean pupil diameter changes in patients
receiving salbutamol alone, ipratropium alone, and combined

therapy
Mean pupil | Mean pupil
Therapy diameter diameter p value
at hour 0 at hour 2
0.683
3.182 mm 3.165 mm
Salbutamol 95% CI:
(£0.058 mm) (+0.086 mm) (:0.797)- (1.147)
pratopium 3259 mm 3265 mm 92(;/52&
4 o+ 0 .
(#0.034 mm) (£0.035 mm) (-0.259)- (0.135)
Salbutamol +  3.232 mm 3.221 mm 0.159
Y ' ‘ 95% CI:

Ipratropium  (£0.030 mm)  (£0.030 mm)

(-0.046)- (0.272)

Table 4. Comparison of the pupil diameter absolute delta values of
patients receiving salbutamol alone and ipratropium alone

Absolute delta value p value
Salbutamol 0.550 mm (£0.146) p=0.001
Ipratropium 0.175 mm (£0.039) 95% CIL: 1.36-6.11

CI, confidence interval

Table 5. Comparison of the pupil diameter absolute delta values of
patients receiving salbutamol alone and salbutamol + ipratropium

Salbutamol 0.550 mm (+0.146) p <0.001

Salbutamol + 95% CI:
+
ipratropium 0.164 mm (£0.032) 1.51-6.19

CI, confidence interval

4. Discussion

In this study, while no drug treatment produced a statistically
significant difference in terms of the mean pupil diameter
before and after treatment, salbutamol alone was found to
lead to statistically significantly greater change in the total
pupil diameter (delta) compared to the other drug groups. The
fact that salbutamol caused more pupil dilation than
ipratropium and combined treatment was important in terms
of revealing that salbutamol may also be related to anisocoria
cases that are often associated with ipratropium. In this study,
we aimed to compare the effects of nebulizer drugs on
unilateral or bilateral pupil dilatation due to mask
incompatibility or patient incompatibility in patients receiving
inhaled therapy. There are few studies related to drugs that
cause anisocoria associated with pathologies other than
central nervous system pathology, and there are many case
reports. Apraclonidine may rarely cause anisocoria by acting
on alpha receptors (8). Cocaine can cause anisocoria by
inhibiting noradrenaline re-uptake and affecting only the
sympathetic nervous system (9). Kuhn et al. detected
dilatation in the right pupil diameter 30 minutes after the
application of 2% concentration of isoflurane they used
during induction in a girl they operated due to hiatal hernia
(10). Similarly, in a case report reported by Akhlaghi,
unilateral anisocoria occurring 30 minutes after the use of
pofol, an anesthesia induction agent was reported in a patient
undergoing surgery for an open extremity fracture (11).

To date, many case reports of unilateral mydriasis due to
nebulized ipratropium have been reported (12-14). In a
previous study, unilateral mydriasis developed in one patient
who received salbutamol + ipratropium due to mask leakage
after thoracic operation, and it was stated that in addition to
unilateral pupil dilatations due to ipratropium, mydriasis
could develop because of salbutamol (15). In another study,
unilateral mydriasis was reported in a seven-month-old infant
receiving combined therapy (16). In our study, it was found
that inhaler agents cause mydriasis, and no statistically
significant relationship was found in the analysis of the effect
of single and combined forms on mean pupil diameter
change.

A female patient receiving salbutamol and ipratropium
was reported to develop acute glaucoma lasting four days in
both eyes (17). Similar acute glaucoma cases related to
combined therapy have been described (18, 19). In a previous
study, intraocular pressures measured at the second hour of
salbutamol, ipratropium, and combined nebulizer therapy
were compared, and in patients with narrow angle glaucoma,
intraocular pressure was found to be statistically significantly
increased after combined therapy (20). Similarly, in our
study, when compared in terms of the effect of salbutamol,
ipratropium, and their combined forms on total pupil
diameter, it was found that the salbutamol group caused
statistically significantly more changes in pupil diameter
compared to other drug groups. In a study conducted in rats, it

459



Akga et al. / J Exp Clin Med

was observed that inhaled ipratropium did not cause a
statistically significant change in pupil dilatation (21). Our
study is the first to show that salbutamol may also cause pupil
dilation in inhaled therapy, like ipratropium. In this study, a
limited number of cases were investigated due to several
factors, such as patient non-compliance, the inability to use
nebulizers at the appropriate time due to the patients’ need for
continuous positive airway pressure and follow-up being
undertaken without changing the patient location in the
emergency department. Although neurological diagnoses are
considered in patients with anisocoria, it should be kept in
mind that anisocoria may also be due to the current or the
treatment being given. We think that our study may be a
guide for clinicians in terms of delaying immediate
application to examinations aimed at excluding central events
unrelated to the examination, especially in patients receiving
inhaler therapy, in the case of anisocoria that is not detected at
the first examination, may be due to a mask that is not fully
fitted to the face.
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