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Bradykardia podczas leczenia dospojówkowym timololem:

opóźnione jej ustąpienie po odstawieniu timololu a następnie

niespodziewany nawrót
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Bolewski A3.
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Dospojówkowe beta-blokery (BBs), w tym nieselektywny BB timolol, są
powszechnie stosowane w leczeniu jaskry z otwartym kątem przesącza-
nia i zwiększonego ciśnienia wewnątrzgałkowego. Około 80% podanego
dospojówkowo timololu ulega systemowej absorbcji co może rzadko
powodować powikłania jak bradykardia, spazm oskrzelowy i depresja.
Opis przypadku. Autorzy opisali przypadek 67-letniej chorej kiero-
wanej z powodu istotnej bradykardii i sugestii implantacji stymulatora.
Chora nie miała wcześniejszego wywiadu sercowo-naczyniowego poza
hiperlipidemią oraz łagodną hiperglikemią; dotychczasowe leczenie
skupiało się na jaskrze, z powodu której stosowała ona od kilku lat
dospojówkowy timolol. Ponadto była leczona na depresję wenlafaksy-
ną i sertraliną. Od kilku miesięcy łatwiej męczyła się i miała zawroty
głowy. Dzienna częstość rytmu serca (HR) znacząco obniżyła się do
40-45/min. 24-godzinna rejestracja EKG ujawniła liczne epizody ryt-
mu węzłowego i bloku zatokowo-przedsionkowego oraz minimalny HR
33/min.; bradykardia określana jako HR poniżej 45/min. stanowiła
powyżej 40% czasu rejestracji. Ścisła obserwacja z powtarzanym 24-
godzinnym monitorowaniem EKG po odstawieniu timololu pokazała
trwające kilkanaście dni, stopniowe ustępowanie bradykardii; po 2, 9,
16 i 23 dniach bradykardia stanowiła 19,9%, 13,9%, 0,2% i 0% czasu
rejestracji. Badanie genetyczne cytochromu P450 2D6 wykazało obec-
ność wariantu c.506 -1G>A z jednym unieczynniającym allelem
(CYP2D6 *4/-), co mogło spowodować spowolnienie metabolizmu ti-
mololu, w kontekście jednoczesnego stosowania antydepresantów, w
związku z czym zredukowano dawki wenlafaksyny i sertraliny. Podczas
dalszej obserwacji stwierdzano jednak stopniowy nawrót bradykardii,
sugerujący, że jej podłożem jest dysfunkcja węzła zatokowego.

Słowa kluczowe: timolol, jaska, bradykardia, dysfunkcja węzła zato-
kowego, depresja, leki antydepresyjne, cytochrom P450 2D6
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Optical betablockers (BBs), including nonselective BB timolol, are
commonly used for the management of primary open angle glaucoma
and ocular hypertension. About 80% of topically administered timolol
is systemically absorbed, which can rarely induce such complications
as bradycardia, bronchospasm and depression.
A case report. The authors describe a case of a 67-year-old female
referred because of significant bradycardia and a suggestion of
pacemaker implantation. She had no cardiovascular history besides
hyperlipidemia and mild hyperglycemia, so her previous treatment was
focused on glaucoma due to which she had been using optical timolol
for several years.  Moreover, she suffered from depression which was
treated with venlafaxine and sertraline. Over a few months, she started
feeling weak and dizzy. Her daily heart rate (HR) markedly decreased
to 40-45/min. 24-hour ECG monitoring revealed multiple episodes of
nodal rhythm and of sinoatrial block and the lowest HR of 33/min;
bradycardia defined as HR less than 45/min constituted over 40% of
the time recorded. Close observation with repeated 24-hour ECG
monitoring after timolol discontinuation showed lasting several-day-
long gradual bradycardia remission; after 2, 9, 16 and 23 days,
bradycardia constituted 19.9%, 13.9%, 0.2% and 0% of the time
recorded, respectively.  Genetic testing of cytochrome P450 2D6 revealed
the presence of the c.506 -1G>A variant with one non-functional allele
(CYP2D6 *4/-) which might have slowed down timolol metabolism in
the context of simultaneous antidepressants use, so venlafaxine and
sertraline were reduced. However, during follow-up, incremental
bradycardia relapse, suggestive of an underlying sinus node
dysfunction, was observed.

Key words: timolol, glaucoma, bradycardia, sinus node dysfunction,
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Optical beta-blockers (BBs), including timolol, a nonselective
BB without significant intrinsic sympathetic activity, are com-
monly used for the management of primary open angle glau-
coma and ocular hypertension, often in combination with other
drugs, e.g., carbonic anhydrase inhibitors (CAIs) or prosta-
glandin analogs (PGAs) [13]. Applied topically, timolol decreases
intraocular pressure by reducing the secretion of aqueous hu-
mour from the ciliary epithelium; however, about 80% of thus
administered timolol is systematically absorbed in the nasal
mucosa (which is allowed by its moderately lipophilic proper-

ties), and the first-pass metabolism is avoided [17,20,23]. Rare
complications of optical timolol comprise slow heart rate (HR),
orthostatic hypotension, syncope, bronchospasm, depression
and even hallucinations [8,33,36].

Slow HR may arise from sinus bradycardia [1,4,15], sinoatrial
block [6] or atrioventricular block [24,28,29,30,32,38]. An optical
BB may also augment the action of systemically used BBs
[12], calcium-blockers [6,21,27] or digoxin; moreover, in some
conditions, it may reveal a hidden cardiac conduction system
dysfunction [24,39].
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Discontinuation of timolol usually results in fast recovery of
normal sinus rhythm which can be observed after several
hours [1,15,28], especially if bradycardia was mild or moderate.
Also, in the case with accelerated idioventricular rhythm (AIVR),
arrhythmia disappeared within several hours [5].

Timolol, just like other BBs and most antidepressants, is
metabolized by cytochrome P450 2D6 (CYP2D6) [37]. CYP2D6
gene polymorphism is associated with different timolol impact
on the heart [20,41]. At the same time, antidepressants can exert
an inhibitory effect on CYP2D6 [3,9]. Moreover, bradycardia can
rarely be directly related to venlafaxine or sertraline use [2].

The aim of this report is to show that delayed remission of
bradycardia after optical timolol discontinuation suggests a
complex mechanism underlying the course of bradycardia in-
cluding disease of the conduction system of the heart and indi-
cates the need of further close follow-up.

A CASE REPORT

A 67-year-old female was referred because of significant bra-
dycardia and a suggestion of pacemaker implantation. No cur-
rent or earlier symptoms of any infection were observed. She
had no previous cardiovascular history besides hyperlipidemia
and mild hyperglycemia, so her previous treatment had been
focused on glaucoma due to which she had been using optical

aqueous timolol for several years (for the last 2 years in com-
bination with CAI – dorzolamide as the medication contained
in 1 ml: 5 mg and 20 mg of each, respectively). The dosage
administered was typical, one drop into each eye, twice daily,
at 8 AM and at 8 PM.

Moreover, she suffered from depression which was treated
with venlafaxine  (serotonin-norepinephrine reuptake inhibitor -
SNRI) 150 mg/d, sertraline (selective serotonin reuptake inhibitor 
– SSRI) 100 mg twice daily and bromazepam (benzodiazepine)
3 mg/d. Over a period of a few months, she was feeling weak
and dizzy, particularly when changing her body position.

She noted markedly decreased HR (40-45/min) during her
own blood pressure measuring. At admission ECG (fig. 1A)
and during echocardiographic imaging, HR was 41/min and
39-45/min, respectively. 24-hour ECG monitoring revealed the
lowest HR of 33/min and the episodes of nodal rhythm (fig. 2A).
Holter examination done twice before timolol withdrawal were
similar regarding maximal, minimal and mean HR in each hour
but differed as for the daily profile of bradycardia episodes de-
fined as heart rate less than 45/min in 4 consecutive beats (fig. 3);
also, the relation between the subsequent timolol doses and the
immediate HR decrease was not obvious. In both examina-
tions, bradycardia constituted over 40% of the time recorded:
40.2% and 43.4%, respectively (fig.4). Creatinine and electro-
lytes levels, transaminases activity, TSH and thyroid hormo-
nes were all normal. COVID-19 testing, including PCR and

Figure 1. ECG during optical timolol use (A) and on day 2 (B), day 16 (C)
and day 44 (D) after timolol discontinuation
Rycina 1. EKG podczas stosowania timololu w kroplach do oczu (A) oraz
2 dni (B), 16 dni (C) i 44 dni (D) po jego odstawieniu

Figure 2. Examples of Holter ECG strips with significant sinus bradycardia
(daily hours) during optical timolol use (A) and on day 2 (B), day 16 (C),
day 30 (D) and day 44 (E) after timolol discontinuation; see episodes of
nodal junctional escape rhythm and of a sinoatrial block
Rycina 2. Przykłady zapisów z badania holterowskiego EKG z istotną bra-
dykardią zatokową (w ciągu dnia) podczas stosowania timololu w kro-
plach do oczu (A) oraz 2 dni (B), 16 dni (C), 30 dni (D) i 44 dni (E) po jego
odstawieniu; epizody rytmu zastępczego z łącza przedsionkowo-komoro-
wego oraz bloku zatokowo-przedsionkowego
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antibody tests, was negative, which excluded a possibility that
she was infected or had undergone the disease.

Non-invasive coronary angiography showed a non-signifi-
cant narrowing of the left anterior descending coronary artery,
while the right coronary artery and the ramus circumflexus were
unchanged. Timolol was discontinued and latanoprost (PGA) and
sole dorzolamide were initiated instead, which assured normal
intraocular pressure. Close observation with repeated ECG (fig.
1B-C) and 24-hour ECG monitoring after timolol withdrawal
showed lasting several-day-long gradual bradycardia remission
(fig. 2B-C); after 2, 9, 16 and 23 days, bradycardia constituted
19.9%, 13.9%, 0.2% and 0% of the time recorded, respectively
(fig.4). Also, the number of bradycardia episodes fell to zero and
the duration of bradycardia was shorter in consecutive examina-
tions (fig.4). Not very numerous episodes of a sinoatrial block and
junctional escape beats were still present, mainly at night hours.

Genetic testing of cytochrome P450 2D6 revealed the pre-
sence of the c.506 -1G>A variant with one non-functional allele
(CYP2D6 *4/-) which might have slowed down timolol meta-
bolism, especially in the context of simultaneous antidepres-
sants use (the examination was performed by Genomed, War-
saw, Poland). Venlafaxine and sertraline were cautiously and
gradually reduced, particularly that the woman’s mental condi-
tion improved after timolol withdrawal. Moreover, a control
metabolic profile of serum lipids showed better values.

During follow-up, she felt good and her physical performance
was notably better than previously when she was on timolol.
However, in further control 24-hour ECG monitoring performed
over the next weeks and months, the time of bradycardia was
found to be progressively longer: from 0.3%, via 4.5%, 1.8%,
8.3%, 23.8%, 26% to 37.9% of the time recorded, owing to an
increased number of bradycardia episodes but not their dura-

Figure 3. Comparison between two 24-hour ECG monitoring (T+) performed during optical timolol use: mean HR per minute and the number of
bradycardia episodes with HR <45/min during consecutive hours
Rycina 3. Porównanie między dwoma 24-godzinnymi badaniami holterowskimi EKG (T+) wykonanymi podczas dospojówkowego stosowania timololu:
średni HR na minutę oraz liczba epizodów bradykardii <45/min. w kolejnych godzinach
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Figure 4. Bradycardia <45/min as % of total time recorded, number of bradycardia episodes, duration (min) of HR of 30-39/min (blue) and of 40-49/min (brown)
at activity time and the longest episode of bradycardia <45/min (number of QRS complexes) during optical timolol use (T+) and after its discontinuation
Rycina 4. Bradykardia <45/min jako % całkowitego czasu rejestracji, liczba epizodów bradykardii, czas trwania (min.) HR 30-39/min. (kolor niebieski) i HR
40-49/min. (kolor brązowy) w porze aktywności oraz najdłuższy epizod bradykardii <45/min (liczba zespołów QRS) podczas stosowania dospojówkowego
timololu (T+) i po jego odstawieniu
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tion (fig.4). The number of sinoatrial block episodes and junc-
tional escape beats appeared at a changing but increasing
degree (not mainly at night). Finally, they manifested themse-
lves with a greater intensity than during timolol therapy (fig.5).
However, most of the pauses were < 2000 msec (not shown)
and they were well tolerated. During exercise testing, the pauses
passed off with an HR increase and relapsed in recovery while
HR decreased to about 55/min. The patient remains under
systematic control, no criteria for pacemaker implantation have
been fulfilled so far.

DISCUSSION

After topical timolol administration, its systemic onset of action
occurs within 20 min, peaking in 4 h and lasting for 24 h, and
the bioavailability is higher than after oral ingestion (80% vs 60%)
[37]. The occurrence of bradycardia during optical timolol use is
not exactly known. To reduce systemic absorption and the ad-
verse effects, new preparations of beta-blockers, such as ti-
molol gellan, have been developed [36]. Timolol gellan showed
a numerically but not significantly smaller reduction in the 24-
hour heart rate, compared to timolol solution [10]. Also, other
topically used BBs, e.g., levobunolol, can lead to potentially
dangerous significant bradycardia [18]. A comparison of optical
timolol vs. carteolol suggests that the former causes a signifi-
cantly lower mean HR, especially during nighttime, and more
nocturnal bradycardia [22].

Bradycardia or heart block usually appear after a few or
several years of therapy with timolol [26,28,39]. Pratt et al. ob-
served a significantly increased risk of bradycardia between
31 and180 day after timolol initiation [26]. In the group with a
topical BB-induced atrioventricular block described by Özcan
et al., optical BB therapy duration was longer and ranged from
11 to 61 months [24]. On the contrary, in the cases reported by
Sarkar et al. and by Lau et al., bradycardia was diagnosed 1 day
and 8 days after timolol introduction, respectively [15,31]. In
the case with AIVR, it occurred after 7 days of therapy [5]. The
interactions between timolol and other drugs may allow brady-
cardia occurrence [6]. The most severe multifactorial adverse
reactions develop as a consequence of long-term use of com-
binations of systemic and local BBs [12]. Prolonged timolol-
induced bradycardia may lead to congestive heart failure [19].

If bradycardia is closely related to timolol use, it should
become reversible over a short period, especially when it was
not used for long, e.g., a few to several days [5,15,31]. Still, in
some literature cases, pacemaker implantation was necessary;
under those clinical conditions, a preexisting disease of the
conduction system of the heart should be suspected [7]. In the
group of 13 patients with a topical BB-induced atrioventricular
block studied by Özcan et al., 11 finally required a permanent
pacemaker, which was implanted when the block persisted
beyond 72 hours or recurred during the follow-up [24]. Wang
et al. described a case of a 62-year-old man with complete

heart block and bradycardia which resolved 48-h after timolol
cessation. However, conduction improvement was only tem-
porary; during one-year follow-up, 24-hour monitoring revealed
an intermittent second-degree type II AV block which suggested
that chronic topical timolol administration aggravated the cardiac
conduction defect [39].

It is difficult to explain the course of bradycardia observed
in our patient. Recovery to normal HR took several days; re-
mission of bradycardia after timolol withdrawal was gradual
and extended in time, then bradycardia progressively recurred.
Four mechanisms should be taken into account; probably all
were involved in the course of bradycardia. First and foremost
is when the patient has a preexisting hidden dysfunction of the
conduction system of the heart revealed by timolol therapy.
The differences between 2 Holter examinations done before
timolol discontinuation strongly support the concept of conduc-
tion system disease. Second is genetically reduced CYP2D6
activity, additionally inhibited by antidepressants; there are also
a few observations that SSRIs and SNRIs per se can rarely
lead to bradycardia [2]. Third is potential remodeling of the auto-
nomic system; expecting bradycardia remission after several
hours following timolol discontinuation, when the medication
was administered over several years, is somewhat problematic.
Fourth is timolol accumulation in the liver or in the eye; still,
such a mechanism is poorly documented [34] and no evi-
dence of the drug accumulation is the predominant opinion
[27]. Moreover, during the COVID-19 pandemic, a coronavirus
infection should be excluded as the disease is known to be a
possible cause of reversible sinus bradycardia, which often
appears after the acute phase of the infection, sometimes in
patients with only mild pulmonary involvement, and usually lasts
several days [11].

There are different observations on the optical timolol impact
on cardiovascular (CV) mortality. An earlier population-based
cohort study indicated increased CV mortality in patients with
previously diagnosed glaucoma, which might suggest higher
mortality in the group using topical timolol [16]. A recent retro-
spective cohort analysis did not confirm such associations [8];
however, one can note a more frequent need for hospitalization
of such patients [26].

As glaucoma is more common in elderly patients often suf-
fering from cardiovascular problems, precautions should be
taken in prescribing ophthalmic timolol or other BBs. Special
caution should be executed in patients simultaneously using
oral and optical BBs. Measurements of plasma timolol con-
centration [23] and testing of CYP2D6 polymorphism can be
helpful in certain cases [20]. However, the CYP2D6 gene is
highly polymorphic with more than 100 variant alleles, some of
which encode an inactive protein or no enzyme product. Ap-
proximately 6-10% of European Caucasians are poor metabo-
lizers, mainly due to the prevalent non-functional *4 or *5 alleles
[9]. 20-25% of the above population are heterozygotic, which
can be considered to be intermediate metabolizers depending
on the diversity in genotypes and the drugs administered.
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Figure 5. Number of pauses >2000 msec and duration (msec) of the longest pause during optical timolol use (T+) and after its discontinuation
Rycina 5. Liczba pauz >2000 ms oraz czas trwania (ms) najdłuższej pauzy podczas dospojówkowego stosowania timololu (T+) i po jego odstawieniu
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Young age does not exclude acute and dramatic cardiore-
spiratory adverse effects associated with optical timolol [40].
Central nervous system depression and cardiogenic shock
after topical medication have been reported in infants with con-
genital glaucoma [14].

Because depression and metabolic disturbances can be
the consequences of timolol action, reduction of antidepres-
sants and hypolipemic medications is usually possible after its
withdrawal [35]. Adverse mental symptoms commonly become
less intense or resolve following drug cessation.

CONCLUSIONS

Optical timolol is effective in intraocular pressure reduction;
however, it can rarely induce or allow significant bradycardia
or heart block. In such a case, prompt discontinuation of the
medication is necessary; other optical BBs and oral BBs should
be avoided in further patient treatment. Patients with decreased
activity of CYP2D6 are more susceptible to optical timolol ad-
verse reactions. Sometimes, remission of bradycardia can be
delayed, so the decision as to pacemaker implantation should
be postponed in certain cases; at the same time such patients
require a close follow-up because bradycardia and heart block
can relapse due to disease of the conduction system of the heart.
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