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Effects of Topical Dorzolamide on Serum Potassium Levels
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Abstract:

Objective: To evaluate how serum potassium levels are affected by a 2% ocular solution of
dorzolamide.

Methods: This study was conducted at the Department of Ophthalmology, Lahore General
Hospital, Lahore. A total of 55 patients, with diagnosed cases of primary open-angle glaucoma
were enrolled. All participants were prescribed dorzolamide 2% eye drops twice daily in both
eyes. Serum potassium levels were recorded at baseline and then monitored monthly for four
months. Data was analyzed by using SPSS version 22, and paired sample t-tests were applied
to compare potassium levels at 2", 3" and 4" month.

Results: Of the 55 patients, 28 (50.9%) were male and 27 (49.1%) were female, with a mean
age of 49 years. The mean baseline serum potassium level was 3.94 £ 0.31 mEq/L. A significant
reduction was observed in serum potassium levels from baseline to all follow-up visits, as
assessed by paired sample t-test. At 1 month, the mean reduction was 0.21 mmol/L (p < 0.001),
which increased to 0.46 mmol/L at 2 months (p < 0.001). By 3 months, the decline reached
1.03 mmol/L (p < 0.001), and at 4 months, the maximum reduction of 1.47 mmol/L was noted
(p <0.001).

Conclusion: Topical dorzolamide 2% is associated with a significant and progressive decline
in serum potassium levels with continued use. Regular monitoring of electrolyte levels may be
advisable in patients on long-term dorzolamide therapy to prevent potential complications of
hypokalemia. Al-Shifa Journal of Ophthalmology 2025; 21(3): 192-197. © Al-Shifa Trust Eye
Hospital, Rawalpindi, Pakistan.
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Besides the eye, carbonic anhydrase is also
found in the kidneys, red blood cells, and
respiratory system®. In the kidneys, this
enzyme helps reabsorb sodium, potassium,
and bicarbonate and also helps get rid of
protons and carbonic acid®. When CAls
block the enzyme in the kidneys, it leads to
increased urine production, called diuresis*.
Because carbonic anhydrase is widespread
in the body, taking oral CAls can cause
different side effects, such as metabolic
acidosis, low potassium (hypokalemia),
high chloride levels (hyperchloremia), and
stomach issues like loss of appetite,
vomiting, and diarrhea 7#°.

Topical CAls are better than oral ones
because they cause fewer side effects while
still being effective®. Even though a large
amount of the drug from dorzolamide eye
drops goes into the bloodstream, most of
the noticeable side effects are reduced. The
two most common side effects of using
dorzolamide eye drops are a short-lived
bitter taste and a burning feeling in the
eyes®. The study drug, dorzolamide 2%, is
available at a low cost in the local market,
making it affordable for people with lower
incomes Hypokalemia is a known side
effect of oral carbonic anhydrase inhibitors,
but there is not much information on
whether topical ones, like dorzolamide, can
also cause low potassium levels.

This study aims to look at how 2%
dorzolamide eye drops affect the body's
metabolism by checking the levels of
potassium in the blood.

Methodology:

The sample size of 55 was determined
using a 95% confidence level, 80% power
of the study, and estimates from previous
literature. A non-probability consecutive
sampling method was employed for patient
selection.

Patients aged between 35 to 65 with a
confirmed diagnosis of primary open-angle
glaucoma and who were prescribed
dorzolamide 2% ophthalmic solution at the
standard dosage of two drops per day in
both eyes were included. Exclusion criteria
consisted of patients already receiving
other antiglaucoma medications, and those
with a prior history of ocular surgery, or
those suffering from systemic illnesses that
could affect serum potassium levels.

At baseline, each participant underwent a
complete  ophthalmic and  systemic
assessment. Serum potassium levels were
recorded before starting treatment and
subsequently monitored at monthly
intervals for four months. Data was
collected and entered in SPSS 22 for
analysis.

Descriptive statistics were used for
demographic and clinical variables, and a
paired sample t-test was applied to compare
serum potassium levels before and after
treatment.

Results:

This quasi-experimental before—after study
was conducted in the Department of
Ophthalmology, Lahore General Hospital,
Lahore, between July 1, 2024, and
November 15, 2024. Ethical approval for
this study was obtained from the
Institutional Review Board of Lahore
General Hospital.

A total of 55 patients were included in the
study, comprising 28 males (50.9%) and 27
females (49.1%), with a mean age of 49
years (Table 1).

Table 1: Distribution of patients according
to gender

Gender NQ' of Percentage
patients
Males 28 50.91%
Females 27 49.09%
Total 55 100%
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Table 2: Paired Samples Test of Serum Potassium Levels at Different Follow-Up Periods

Comparison Mean std Std. 95% ClI 95% ClI
. P Differenc .| Error of of p-
Pair (Serum Devia M Diff Diff t-value | df |
Potassium) e tion ea ifferenc ifferenc value
(mmol/L) n e (Lower) | e (Upper)
g | Baseline=1 o0 To27a| %08 | 0141 | o289 | 5811 | 2| <000
month 7 4 1
p | Baseline—2-) 5 oe 10302 | %04 | (376 0540 | 11.242 | ° | <0.00
months 1 4 1
g | Baseline—=3 1 o9 | a3 | 90| go11 1147 | 17.430 | 2 | <000
months 9 4 1
g | Baseline—4 ) o 0403 | 095 | 1356 1574 | 26046 | 2 | <000
months 4 4 1
A significant reduction was observed in found in a high-performance liquid

Serum potassium levels from baseline to all
follow-up visits, as assessed by paired
sample t-test. At 1 month, the mean
reduction was 0.21 mmol/L (p < 0.001),
which increased to 0.46 mmol/L at 2
months (p < 0.001). By 3 months, the
decline reached 1.03 mmol/L (p < 0.001),
and at 4 months, the maximum reduction of
1.47 mmol/L was noted (p < 0.001).

Discussion:

Most topical drugs are believed to enter the
eye through the cornea. However, the front
part of the eye, called the anterior chamber,
can also be reached through the limbus or
sclera. Before being found in the fluid
inside the eye (aqueous humor),
dorzolamide has been shown to collect in
the ciliary body. This means it can enter the
eye from areas other than the cornea.
Researchers found that dorzolamide can
pass through the cornea more quickly than
acetazolamide, suggesting that it may also
enter the eye through the limbus and/or
sclera. After applying the drug to both eyes,
about 80% of it is absorbed into the body
through the conjunctiva or the mucous
membranes in the nose and throat, then
drains out through the nasolacrimal duct®°.
Red blood cells quickly absorb carbonic
anhydrase inhibitors (CAIs) once they are
in the bloodstream. Carbonic anhydrase
isoenzymes | and Il are found in red blood
cells. When dorzolamide enters the
bloodstream, it is broken down into a
substance called N-deethyl-dorzolamide, as

chromatography testt. This breakdown
product has a stronger tendency to bind
with carbonic anhydrase I, whereas the
original form (dorzolamide) has a stronger
affinity for carbonic anhydrase 1112, After
using dorzolamide for four weeks, the
activity of carbonic anhydrase Il in red
blood cells drops to about 21% of the
original level3, Interestingly, this low level
doesn't cause noticeable side effects, but it
can lead to lower levels of potassium in the
blood*. Since dorzolamide doesn't bind
tightly to plasma proteins and stays in red
blood cells, it and its breakdown product
leave the body slowly, possibly taking
months to fully clear'. The kidneys are
mainly  responsible  for  removing
dorzolamide and its metabolites from the
body, and the overall role of metabolism in
this process is minor.

Topical CAls reduce eye pressure by
decreasing the production of aqueous
humor. In both humans and monkeys,
studies using fluorophotometry have shown
that this pressure-lowering effect occurs
because inhibiting carbonic anhydrase in
the ciliary body reduces the production of
bicarbonate, one of the key steps in forming
aqueous humor. There are seven known
types of carbonic anhydrase isoenzymes,
labeled from I to VII. In humans, there are
at least four different types. These
isoenzymes have different activities,
binding properties, and can be stained with
specific antibodies. Dorzolamide is much
more effective against carbonic anhydrase
type Il than against types IV or I, being
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approximately 38 times more effective
against type IV and around 1,000 times
more effective against type I. Different
organs contain these isoenzymes in
different amounts, and even within a single
cell, multiple types may be present.
Initially, it was thought that the effect of
CAls on isoenzyme Il caused the reduction
in aqueous humor production. However,
carbonic anhydrase Il is abundant in the
ciliary body, and in patients who lack this
isoenzyme, acetazolamide doesn't lower
intraocular pressure'®.

Using topical antiglaucoma treatments, like
carbonic anhydrase inhibitors, can lead to
several side effects, including watering and
blurry vision (9%), a burning or foreign
body sensation (12%), and stinging (7%).
These effects are more common with CAls
compared to other medications like timolol
0.5% or betaxolol 0.5%. The low pH at
which dorzolamide is stored causes these
burning and stinging feelings, which can
lead to the drug being washed out. A bitter
or metallic taste is one of the most common
side effects of dorzolamide, occurring in
about 27% of people. This may be due to
bicarbonate accumulation and reduced
carbonic anhydrase activity in taste buds
caused by the drug entering the mouth
through the tear ducts.

Systemic side effects from using topical
CAls are not often reported'” '®. Previous
studies suggest that systemic adverse
effects are minimized when dorzolamide
levels in the blood only slightly inhibit CA
isoenzymes outside the ciliary body3 ¢ *°.
Systemic CAls can cause metabolic
acidosis, electrolyte imbalances, and the
formation of kidney stones. According to
Martens and Banditt, topical CAIl use can
also lead to metabolic acidosis and
hypokalemia, which are the most frequent
side effects of systemic CAI therapy. The
kidneys slowly remove dorzolamide and its
breakdown products over a period of about
four months, and they are excreted in the
urine® 2* 20, and Prolonged use of
dorzolamide can lead to systemic
accumulation'’”. Differential diagnoses for a

patient's  metabolic  acidosis  and
hypokalemia include  gastrointestinal
losses, primary kidney disease, renal
tubular acidosis (RTA), and fluid diuresis.
Without a history of vomiting or diarrhea,
excessive potassium loss through non-renal
pathways is unlikely, and primary kidney
disease was ruled out based on normal urine
concentrating ability. Therefore, the most
likely cause of hypokalemia is the systemic
absorption and slow buildup of
dorzolamide and its metabolites.

A double-blind, randomized, placebo-
controlled study in 12 healthy volunteers
was conducted to assess the systemic
effects of 3% dorzolamide®. Al
participants followed a controlled diet for
five days before and during the study. They
used 3% dorzolamide four times a day in
both eyes for two weeks. Blood and urine
levels of electrolytes and acid-base balance
were checked one day before starting the
treatment and on days 1, 7, and 14, and 24-
hour urine samples were collected daily. No
significant changes were observed in these
measurements compared to pre-treatment
levels. In a study of 27 cats, eight (29.6%)
showed signs of metabolic acidosis with
normal serum electrolytes after being given
topical 2% dorzolamide. No significant
changes in sodium, chloride, glucose, ALT,
or ALP were seen in any of the cats®. In
contrast to potassium, no significant
changes from baseline were found for
sodium (P =.0798), chloride (P = .5569),
glucose (P =.5758), ALT (P =.0738), or
ALP (P = 1.0000) in any of the cats.

A five-day-old infant with bilateral Peter's
anomaly was given topical dorzolamide
three times a day.On the seventh day of
treatment, the infant showed signs of
metabolic acidosis with normal serum
electrolytes. The symptoms improved when
the medication was stopped?. A cohort
study?* concluded that patients with
primary  open-angle glaucoma and
advanced chronic kidney disease are at
increased risk of developing metabolic
acidosis when using topical carbonic
anhydrase inhibitors. Therefore, elderly
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patients, infants, and those with kidney
issues should be closely monitored for any
adverse effects caused by reduced
elimination. As far as we know, this is the
first study in our local population looking at
how bilateral topical dorzolamide affects
things. But there are some important
limitations. One is that we didn’t include
information about the patient's background
and behavior. Another is that we didn’t
check the blood levels of CAI after giving
the medication. Additionally, using the
drug on both eyes may increase the amount
of medicine in the body compared to using
it on just one eye, which could help explain
the drop in blood potassium levels. We
suggest future research with more
participants, longer observation periods,
and regular checks of blood chemistry to
better understand these effects.

Conclusion:
The study has concluded a decline in the
serum  potassium levels after the

administration of 2% dorzolamide eye
drops. Serum potassium level monitoring is
also advised in patients on long term
bilateral dorzolamide therapy. Our study
highlights the novel findings of potassium
decline with bilateral dorzolamide use in
the local population, emphasizing the
importance of biochemical monitoring.

References:

1. Gelatt KN, Brooks DE, Kallberg ME.
The canine glaucomas. Essentials of
Veterinary Ophthalmology. 2013 Mar
25:182-3.

2. Gwin R. Current concepts in small
animal glaucoma: recognition and
treatment. Vet Clin North Am: Small
Anim Pract. 1980;10:357-376.

3. Rankin AJ, Crumley WR, Allbaugh
RA. Effects of ocular administration of
ophthalmic 2% dorzolamide
hydrochloride solution on aqueous

humor flow rate and intraocular
pressure in clinically normal cats.
American  journal of veterinary

research. 2012 Jul 1;73(7):1074-8.

10.

11.

12.

Khagan et al. Dorzolamide and serum potassium

Thiessen CE, Tofflemire KL, Makielski
KM, Ben-Shlomo G, Whitley RD,
Allbaugh RA. Hypokalemia and
suspected renal tubular acidosis
associated with  topical carbonic
anhydrase inhibitor therapy in a cat.
Journal of Veterinary Emergency and
Critical Care. 2016 Nov;26(6):870-4.
Dodgson SJ. The carbonic anhydrases:
overview of their importance in cellular
physiology and in molecular genetics.
The carbonic anhydrases: cellular
physiology and molecular genetics.
1991:3-14.

Martens-Lobenhoffer J, Banditt P.
Clinical pharmacokinetics of
dorzolamide. Clinical

pharmacokinetics. 2002 Mar;41:197-
205.

Rose RJ, Carter J. Some physiological
and biochemical effects of
acetazolamide in the dog. Journal of
Veterinary Pharmacology and
Therapeutics. 1979 Sep;2(3):215-21.
Pfeiffer N. Dorzolamide: development
and clinical application of a topical
carbonic anhydrase inhibitor. Survey of
Ophthalmology. 1997 Sep 1;42(2):137-
51.

Willis AM, Diehl KA, Robbin TE.
Advances in topical glaucoma therapy.
Veterinary ~ Ophthalmology. 2002
Mar;5(1):9-17.

Ormrod D, McClellan K. Topical
Dorzolamide 2%/Timolol 0.5% A
Review of its Use in the Treatment of
Open-Angle Glaucoma. Drugs & aging.
2000 Dec;17:477-96.

Matuszewski BK, Constanzer ML.
Indirect chiral separation and analyses
in human biological fluids of the
stereoisomers of a thienothiopyran-2-
sulfonamide (TRUSOPT), a novel
carbonic anhydrase inhibitor with two
chiral centers in the molecule. Chirality.

1992;4(8):515-9. doi:
10.1002/chir.530040810. PMID:
1476862.

Hasegawa T, Hara K, Hata S. Binding
of dorzolamide and its metabolite, N-

196



13.

14.

15.

16.

17.

18.

Al-Shifa Journal of Ophthalmology, Vol. 21, No. 3, July - September 2025

deethylated dorzolamide, to human
erythrocytes in vitro. Drug Metab
Dispos. 1994 May-Jun;22(3):377-82.
PMID: 8070313.

Wilkerson M, Cyrlin M, Lippa EA,
Esposito D, Deasy D, Panebianco D,
Fazio R, Yablonski M, Shields MB.
Four-week safety and efficacy study of
dorzolamide, a novel, active topical
carbonic anhydrase inhibitor. Archives
of  Ophthalmology. 1993  Oct
1;111(10):1343-50.

Connor J, Keilani T, Segal R, Winchell
G, Tanaka W, Swithenbank R, Levine
B, Batlle D. Pharmacokinetics and
safety of dorzolamide (MK-507) in
patients ~ with  moderate  renal
impairment. ININVESTIGATIVE
OPHTHALMOLOGY & VISUAL
SCIENCE 1995 Mar 15 (Vol. 36, No. 4,

pp.  S738-S738). 227  EAST
WASHINGTON SQUARE,
PHILADELPHIA,  PA  19106:

LIPPINCOTT-RAVEN PUBL.

Krupin T, Sly WS, Whyte MP,
Dodgson SJ. Failure of acetazolamide
to decrease intraocular pressure in
patients with carbonic anhydrase Il
deficiency. American journal of
ophthalmology. 1985 Apr 1;99(4):396-
9.

Strahlman E, Tipping R, Vogel R.
International ~ Dorzolamide  Study
Group: A double-masked, randomized
1-year study comparing dorzolamide
(Trusport), timolol, and betaxolol. Arch
Ophthalmol. 1995;113(8):1009-16.
Blocker T, Van Der Woerdt A. The
feline glaucomas: 82 cases (1995—
1999Veterinary Ophthalmology. 2001
Jun;4(2):81-5.

McLellan GJ, Miller PE. Feline
glaucoma—a comprehensive review.

19.

20.

21.

22.

23.

24,

Veterinary ~ Ophthalmology. 2011
Sep;14:15-29.
Cawrse MA, Ward DA, Hendrix DV.

Effects of topical application of a 2%
solution of dorzolamide on intraocular
pressure and aqueous humor flow rate
in clinically normal dogs. American
journal of veterinary research. 2001 Jun
1,62(6):859-63.

Rosenberg LF, Krupin T, Tang LQ,
Hong PH, Ruderman JM. Combination
of systemic acetazolamide and topical
dorzolamide in reducing intraocular
pressure and aqueous humor formation.
Ophthalmology. 1998 Jan 1;105(1):88-
93.

Biollaz J, Munafo A, Buclin T,
Gervasoni JP, Magnin JL, Jaquet F,
Brunner-Ferber ~ F.  Whole-blood
pharmacokinetics and metabolic effects
of the topical carbonic anhydrase
inhibitor ~ dorzolamide.  European
journal of clinical pharmacology. 1995
Jan;47:453-60.

Czepiel TM, Wasserman  NT.
Hypokalemia associated with topical
administration of dorzolamide 2%
ophthalmic solution in cats. Veterinary
Ophthalmology. 2021 Jan;24(1):12-9.
Morris S, Geh V, Nischal KK, Sahi S,
Ahmed MA. Topical dorzolamide and
metabolic acidosis in a neonate. British
journal of ophthalmology. 2003 Aug
1,87(8):1052-3.

Wang YC, Ling XC, Tsai WH, Liu JS,
Kuo KL. Risks of topical carbonic
anhydrase inhibitors in glaucoma
patients with chronic kidney disease: a
nationwide population-based study.
American journal of ophthalmology.
2023 Sep 1;253:49-55.

Authors Contribution

Concept and Design: Atteq Ur Rehman, Hasnain Muhammad Baksh
Data Collection / Assembly: Ahmad Fauzan,
Drafting: Rayyan Zakir Shaikh
Statistical expertise: Muhammad Zafar Igbal, Neeta Maheshwary
Critical Revision: Hussain Ahmad Khagan

197





