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Abstract
Objectives: The sense of smell plays an important role in daily life. Olfactory impairment can significantly affect an individual’s quality of life. Topical carbonic anhydrase inhibitors are commonly used to treat elevated intraocular pressure
(IOP). One potential side effect of these drugs is a loss of the sense of smell. This study is an examination of changes in
olfactory function in patients who used dorzolamide and brinzolamide to control IOP after a laser capsulotomy.
Methods: A total of 60 patients with posterior capsule opacification were included in the study. Sniffin’ Sticks (Burghart
Messtechnik GmbH, Wedel, Germany) were used to evaluate patient olfactory sensitivity before starting the topical
treatment and after 1 week of treatment.
Results: No statistically significant decrease in olfactory performance was observed in users of either brinzolamide or
dorzolamide (p=0.705, p=0.405 respectively).
Conclusion: No negative effect on the sense of smell was determined after 7 days of topical application of a carbonic
anhydrase enzyme inhibitor to the eye in patients with no previous anosmia.
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Introduction
The sense of smell plays a significant role in daily life, and
olfactory impairment can have a notable effect on quality
of life. When the ability to differentiate between different
odors is lost, not only is enjoyment of food and beverages
diminished, awareness of some potential dangers is reduced
(1). Enhanced sensitivity in the sense of smell can also have
substantial effects and result in nausea, sneezing, headaches,

and pain in the eyes (2-3). An unrecognized smell disorder
can contribute to a range of conditions, including, but not
limited to, environmental and social anxiety, nutritional disorders, and depression (4).
Olfaction originates in specialized olfactory sensory neurons, which are found in tissue high inside the nose. A variety
of causes can contribute to disorders of the sense of smell,
which have been reported to affect 21.6% of the general
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population (6). Each year, almost 200.000 people in the USA
seek treatment for olfactory disorders (7).
Carbonic anhydrase inhibitors (CAIs) are a common ingredient in eye drop solutions used to treat glaucoma. However,
local and systemic side effects may hamper their clinical usefulness. Topical 2% dorzolamide and topical 1% brinzolamide
are often used as monotherapy 3 times a day to reduced intraocular pressure (IOP). When dorzolamide is used as monotherapy, IOP typically falls by 10% to 26%, and a decrease of
15% to 21% has been observed with the use of brinzolamide
(8,9). Side effects of eye pain, burning, stinging, conjunctival
hyperemia, and a sour taste in the mouth may occur with the
use of dorzolamide (10). Brinzolamide has similar side effects,
though less eye pain has been reported (11).
To the best of our knowledge, there is no previous study
in literature designed to investigate effects on the sense of
smell related to use of topical CAIs. The aim of this study
was to evaluate changes in olfactory function by measuring
pre- and posttreatment olfactory sensitivity using the Sniffin’
Sticks (Burghart Messtechnik GmbH, Wedel, Germany) test
on patients who used a topical CAI treatment to reduce IOP.

Methods
This study included 60 eyes of 60 patients, who presented at
Elazig Fethi Sekin City Hospital Ophthalmology Department
between January and December 2018, were diagnosed with
posterior capsule opacity, were treated with yttrium-aluminum garnet (YAG) laser capsulotomy, and began topical CAI
treatment. In all cases, there were no complications during
the phacoemulsification surgery, and at least 6 months had
passed since the surgery. In addition, the patients had not
used any topical or systemic drug treatment for at least 1
month prior to the study.
All of the participants underwent a screening process
with a complete ophthalmological examination, including
evaluation of refraction and visual acuity, slit-lamp biomicroscopy, IOP measurement using non-contact tonometry, and
a fundus examination. Patients who had glaucoma, corneal
or retinal disease, uveitis, previous laser treatments, ocular
trauma, or surgery during the follow-up period were excluded from the study.
The 12-item Sniffin’ Sticks screening test is a multiple-choice test used to distinguish normal and impaired
olfactory function. The individual being tested is asked to
identify 12 different common odors using a choice of 4 responses. The patient must select only 1 answer and there is
no option of “odorless.” The result is defined by the total of
correctly identified odors. A score of >10 indicates normal
olfactory function, between 6 and 10 indicates low olfactory
performance, and a score of <6 signifies the presence of severe olfactory impairment.
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All of the study patients underwent a thorough ear, nose
and throat (ENT) examination. Patients with a deviated septum, nasal polyps, concha hypertrophy, upper respiratory
tract infection within the previous 10 days, acute-chronic sinusitis, allergic rhinitis, or a history of head trauma, previous
nasal surgery, nasolacrimal duct occlusion, radiotherapy to the
head, or use of pharmacotherapy known to impair olfactory
functions were excluded from the study. A single ENT specialist administered the olfactory function tests to those who
fulfilled the inclusion criteria. The patients were instructed to
close their eyes during the test to eliminate any visual influence. The test was performed by holding the Sniffin’ Stick pen
approximately 2 cm in front of the nostrils for 3 to 4 seconds
and then the cap was replaced. The test subject was given a
choice of 4 responses for each odor presented. The study
group comprised 2 groups: 30 patients who used topical 3x1
brinzolamide treatment after the YAG laser capsulotomy and
30 patients who used topical 3x1 dorzolamide treatment. The
Sniffin Sticks evaluation was performed before starting the
topical treatment and after 1 week of treatment.
This prospective study was performed in the ophthalmology department of Elazig Fethi Sekin City Hospital. The study
adhered to the tenets of the Declaration of Helsinki and was
approved by the Noninvasive Research Ethics Committee of
Firat University on November 22, 2018 (no: 19/3). Oral and
written information regarding the study was provided to the
participants, and each subject submitted written, informed
consent before the study was initiated.

Statistical Analysis
The study data were analyzed using IBM SPSS Statistics for
Windows, Version 22.0 (IBM Corp., Armonk, NY, USA). The
Wilcoxon t-test was used for paired comparisons. A value of
p<0.05 was accepted as statistically significant.

Results
The study group comprised 14 males and 16 females with
a mean age of 56.63±4.47 years in the brinzolamide treatment group, and 13 males and 17 females with a mean age
of 56.5±3.32 years in the dorzolamide treatment group. The
mean pretreatment Sniffin’ Sticks score was 11.16±2.3 in
the brinzolamide group and 11.16±1.47 in the dorzolamide
group. The mean posttreatment score was 11.13±2.28 in
the brinzolamide group and 11.16±1.14 in the dorzolamide
group. No statistically significant change was noted in olfactory performance after a week of topical treatment with
brinzolamide (p>0.05) (Fig. 1). The Sniffin’ Sticks test results
after a week of topical treatment with dorzolamide also revealed no statistically significant change (p>0.05) (Fig. 2). The
study results indicated that topical CAI treatment had no
effect on odor identification following 1 week of use.
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Figure 1. Sniffin’ Sticks score before and after brinzolamide treatment.

Mean Sniffin’ Sticks score

12.00
10.00
8.00
6.00
4.00
2.00
0.00
Dorzolamide
pretreatment

Dorzolamide
posttreatment

Figure 2. Sniffin’ Sticks score before and after dorzolamide treatment.

Discussion
Carbonic anhydrase (CA) enzyme expression has been detected in the olfactory mucosa and in the olfactory receptor
neurons. The effects of CA on central and arterial chemoreceptors are well known (12,13). However, the effects on
taste, smell, and the somatosensorial area are more recent
observations.
Okamura et al. (14) reported CA activity in the saliva
glands, tongue, nasal mucosa, and the Bowman’s gland. CA
activity has been reported in the olfactory system of frogs
and in the rostracaudal cells of the olfactory epithelium in
guinea pigs using histochemical techniques (15-17). However,
the functions are not yet fully understood.
CA activity appears to have multiple effects. It has been
found to play a role in substrate formation at the tissue and
cellular level in hemostatic ion processes and in the removal
of metabolic waste (18). Sensorineural activity in the tissue
where CA is found changes the interstitial ionic surroundings
and the mucosal composition. CA enzyme activity appears
to be very important for the sense of smell and taste, stability of the receptor environment, and the direct transmission
of the quality and quantity of the stimulus and encoding.
Kim et al. (19) suggested that the CA enzyme has a role
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in the regulation of nasal secretions and the pathogenesis of
nasal polyps. Previous studies have identified CA 1, 2, 3, 4,
5a, 5b, 6, 7, 9, 12, 14 isoenzymes in normal mucosa, with 14,
2, 4 and 5b isoenzyme forms present in the largest quantity.
It has been reported that systemic inhibition (250 mg/
day) of CA can lead to a reduction in the sense of taste
(20). This is a result of effects to the seventh and ninth cranial nerves (21). Impairment of the sense of taste has also
been shown to occur with topical CAI application (22). Since
effects have been seen with topical and systemic use, and
given that the senses of taste and smell are linked, it is not
unreasonable to think that the use of CAI might affect the
olfactory system.
Previous studies have determined changes in the pathways related to the nasal mucosa and carbon dioxide in the
oral cavity. However, in rat model studies, CA mediation did
not result in impairment of the sense of smell. This may be
because the CA receptors are located in the peripheral mucosa (21). To the best of our knowledge, there are no extensive series in the literature that have reported that topical
CAI treatment led to impairment of the sense of smell. The
results of the current study demonstrated no impairment of
olfactory ability after topical CAI treatment for 1 week.
In a study conducted with a group of patients who had
developed smell and taste distortion following acute influenza-like disease, a significantly low level of zinc concentration was identified, and the disease was named idiopathic
hyposmia and hypogeusia (23,24). Purified gustin, which is a
zinc-binding metalloprotein, was used in studies conducted
to determine the underlying mechanisms. Subsequent studies examined the amino acid level and biochemical structure, and found that the gustin molecule was identical to
CA 6 (25,26). Increased synthesis/secretion of gustin/CA 6
with zinc treatment proved to be effective in most patients
(27). Previous animal and human studies of zinc deficiency
have demonstrated a similarity to the mechanisms seen in
idiopathic hyposmia and hypogeusia patients. It has been
proposed that a zinc deficiency affects CA enzyme activity.
The smell and taste impairments seen in xerostomia and xerorhinia patients have also been shown to improve following
zinc treatment (28).
A decrease in the gustin/CA 6 complex has been determined in the saliva of patients with a CA 2 deficiency. This
disease is characterized by short height, osteoporosis, cerebral calcification, renal tubular acidosis, mental retardation,
anorexia, and anosmia despite normal nasal anatomy. The
enzyme activity of CA is thought to play a role in the biochemical basis of the sense of smell.
Tarun et al. (29) examined the CA enzyme in human nasal mucosa and it was reported that there may be individual
variations in certain isoenzyme forms, which could affect the
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carbon dioxide chemosensitivity mediated by CA.
Turgut et al. (30) reported that glaucoma treatment with
dorzolamide appeared to result in anosmia. A loss of the
sense of smell began 1 month after dorzolamide was added
to timolol, and was complete in 2 months. Once the CAI
was eliminated from treatment, the smell impairment resolved in 20 days. As this effect did not occur in all patients,
this may have been due to intrapersonal enzyme variations.
In the current study, CAI use was not determined to have
a negative effect on the sense of smell in a 7-day period.
However, further studies with longer follow-up periods are
needed to fully determine the effect of enzyme activity on
anosmia. The short follow-up period can be considered a
limitation of our research.
CA enzyme activity has been determined histochemically
in human and animal nasal mucosa, and in some diseases that
progress with smell and taste impairment it is thought that
impaired enzyme activity may be important in the etiology
of the disease. In the current study, CA enzyme inhibitors
applied topically to the eye were not determined to have
a negative effect on the sense of smell in patients with no
previous olfactory impairment. Nonetheless, additional limitations of the present study and areas for further research
include examining the quantity of the drug reaching the nasal
mucosa via the nasolacrimal canal and possible intrapersonal
enzyme variations.

Conclusion
The results of this study revealed no negative effect on the
sense of smell as a result of a CAI applied topically to the
eye for 7 days in patients with no previous smell impairment. There is a need for further studies with a larger patient group and a longer study period to more precisely determine the effect of enzyme activity on anosmia. Topical
application could be made directly to the nasal mucosa, and
histochemical studies could be conducted to determine the
CA isoenzyme forms in the nasal mucosa.
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