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Abstract

Ticagreloris an oral, third-generation reversible P2Y12 receptor antagonist used in the treatment of patients with atherosclerotic cardiovascular
disease. Dyspnea is a well-recognized side effect of ticagrelor, typically occurring within hours to days after initiation. In most cases, the
dyspnea is mild and resolves spontaneously without intervention. However, dyspnea can be significant and intolerable in some patients
necessitating discontinuation of ticagrelor. Less commonly recognized is the association of ticagrelor with central sleep apnea. Here, we
present a case of a patient who developed dyspnea shortly after starting ticagrelor but also exhibited evidence of central sleep apnea, both
of which markedly improved upon discontinuation of the drug. The exact pathophysiologic mechanism underlying ticagrelor-associated
dyspnea and central sleep apnea remains unclear. However, one hypothesis suggests that stimulation of pulmonary vagal C-fibers leads to
increased levels of extracellular adenosine, which may heighten chemosensitivity to hypercapnia and thus contribute to these respiratory
effects.
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Abbreviations: CSA: Central Sleep Apnea; OSA: Obstructive Sleep Apnea; PCl: Percutaneous Coronary Intervention; DAPT: Dual Antiplatelet
Therapy; PLATO: Platelet Inhibition and Patient Outcomes; EKG: Electrocardiogram; ACS: Acute Coronary Syndrome; CHF: Congestive Heart
Failure; LVEF: Left Ventricular Ejection Fraction; CVA: Cerebrovascular Accident; PTCA: Percutaneous Transluminal Coronary Angioplasty;
ASV: Adaptive Servo-Ventilation; CPAP: Continuous Positive Airway Pressure; BIPAP: Bilevel Positive Airway Pressure; SDB: Sleep-Disordered
Breathing; TIA: Transient Ischemic Attach

Dyspnea is one of the most notable side effects associated
with ticagrelor [2]. The incidence of dyspnea was reported at
13.8% in the PLATelet Inhibition and Patient Outcomes (PLATO)
trial [3] and as high as 38.6% in the ONSET/OFFSET trial [4].

Introduction

Ticagrelor is an oral, third-generation reversible
noncompetitive P2Y12 receptors antagonist used in

combination with aspirin as a component of dual antiplatelet
therapy (DAPT) following percutaneous coronary intervention
(PCl) in patients with coronary artery disease (CAD). The
primary role of this drug is to reduce the risk of adverse
thrombotic events.

Several studies have demonstrated the clinical superiority
of ticagrelor over clopidogrel, particularly in the first three
months post-PCl, in reducing ischemic cardiovascular events
and the composite outcome of cardiovascular, stroke, and
myocardial infarction, with no significant increase in major
bleeding [1].

Importantly, dyspnea exhibited by these patients is unrelated
to underlying cardiac or pulmonary dysfunction. It typically
develops early in the course of treatment, often within the
first 24 hours of initiation of the drug and is dose-dependent
[5]. In most cases, dyspnea is mild and resolves spontaneously
within days to weeks without intervention. However, some
patients with moderate to severe ticagrelor-induced dyspnea
may discontinue medication without first notifying their
physicians. This can result in a significant increase in the risk
of serious thrombotic events. Rates of drug discontinuation
due to dyspnea vary between 0.9% and 10% [6]. While the
precise mechanism underlying ticagrelor-induced dyspnea
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remains unclear [7], one theory suggests a role for increased
extracellular adenosine levels [8,9], while another implicates
stimulation of pulmonary vagal C-fiber receptors [10].
Interestingly, the same pathophysiologic mechanisms have
also been suggested to explain ticagrelor-associated central
sleep apnea (CSA) [11].

The current approach to managing ticagrelor-related
dyspnea involves first ruling out other potential causes of
respiratory symptoms. In most cases, patients are reassured
that symptoms are typically self-limited and resolve over time.
However, in moderate to severe cases in which dyspnea is
intolerable, it may be necessary to discontinue ticagrelor and
switch to an alternative antiplatelet agent.

Although dyspnea is a well-recognized side effect, the
potential association of ticagrelor with CSA is less well-known.
However, numerous reports in the literature suggest a possible
link between ticagrelor use and CSA [12]. Here, we present a
case of a patient who developed evidence of CSA shortly after
initiating ticagrelor, with marked improvement following its
discontinuation.

Case Report

A 65-year-old male with multiple cardiovascular risk factors
including hypertension, nonobstructive CAD found on cardiac
catheterization 3 years ago, uncontrolled hyperlipidemia
with high LDL (low-density lipoprotein) not on lipid lowering
medication due to statin intolerance, TIA, and family history
of premature coronary artery disease, presented to the
emergency room with typical chest pain radiating to his
arm, accompanied by nausea and diaphoresis. His symptoms
improved with sublingual nitroglycerin. An electrocardiogram
showed sinus rhythm with no significant ST segment elevation
or depression. His physical examination was unremarkable,
and initial laboratory tests revealed a mildly elevated troponin
level. Findings on chest X-ray were also unremarkable. He
was diagnosed with non-ST elevation myocardial infarction
(NSTEMI) and admitted for further management. His home
medications include Aspirin 81 mg once a day, magnesium
oxide, Vit C, Vit K, Vit E, Vit B complex, Zinc and Coenzyme Q10.

The patient underwent cardiac stress testing in conjunction
with a myocardial perfusion imaging study, which yielded
abnormal results. An echocardiogram revealed normal left
ventricular systolic function with an ejection fraction of 60-
65%, grade 1 diastolic dysfunction, and no significant valvular
abnormalities. Coronary angiography revealed high-grade
stenosis of the proximal right coronary artery (RCA), for which
he underwent successful PCl.He began on DAPT with ticagrelor
in addition to low-dose aspirin. His cardiac medical regimen
was optimized starting him on metoprolol, lisinopril with
the plan to initiate PCSK9 inhibitor therapy in the outpatient
setting for management of uncontrolled hyperlipidemia.

The patient developed dyspnea within 24 hours of starting

ticagrelor with no other plausible etiology for his symptoms.
It was explained to the patient that his dyspnea was probably
a side effect of ticagrelor that was likely to resolve with time
but that the current antiplatelet regimen would be changed
if symptoms persisted. He was discharged home in stable
condition.

At 3 months follow-up, the patient continued to report
significant dyspnea accompanied by episodes of apnea when
lying down. He described these episodes as he cannot catch
his breath when he relaxed and resting as well as having
daytime fatigue and excessive sleepiness. His wife noted that
he had occasionally snored in the past but that his apneic
episodes had become more pronounced since starting on
ticagrelor. She also reported witnessing episodes of breathing
cessation while he was asleep.

To further evaluate his symptoms, the patient underwent
pulmonary function testing. The results of this study were
unremarkable (Figure 1).

The patient subsequently underwent in-laboratory
polysomnography, which revealed 57 episodes of central sleep
apneas, 15 episodes of central hypopnea, and 4 obstructive
hypopnea events. Collectively, these findings resulted in an
apnea-hypopnea index (AHI) of 14.1 events per hour of sleep
(Figure 2).

Given these findings, ticagrelor was discontinued, and the
patient was transitioned to clopidogrel.

Within two days of ticagrelor discontinuation, the patient
reported complete resolution of his dyspnea.

Three weeks later, without any additional intervention, the
patient underwent another in-laboratory polysomnography
study. This follow-up study demonstrated a significant
reduction in central apnea, with a total of 12 apneic events,
five central apneas (central apnea index of 1.7), and seven
obstructive apneas (obstructive apnea index of 2.9).
Additionally, 38 hypopneic events were recorded, resulting in
an AHl of 12.2 events per hour of sleep, findings consistent with
mild obstructive sleepapnea (OSA) primarily duetohypopneas.
No periodic leg movements were observed during the study
(Figure 3). These findings indicate a clear improvement in
CSA in this patient following the discontinuation of ticagrelor.
Collectively, these results suggest a potential association
between ticagrelor use and the development of CSA.

Discussion

Ticagrelor is a cyclopentyl-triazolo-pyrimidine currently
administered as an oral, third-generation reversible, non-
competitive P2Y12 receptor antagonist that inhibits
adenosine diphosphate (ADP)-mediated platelet signaling
and aggregation [13]. Unlike clopidogrel, ticagrelor binds
to a distinct site on the P2Y12 receptor, separate from the
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Figure 1. Normal spirometry, lung volumes, and diffusing capacity.
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Figure 2. Polysomnography while patient taking ticagrelor: black arrows indicating central apneic episodes with cessation of air flow with
no ventilatory effort, no chest wall movement, and no abdominal movement.
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Figure 3. Polysomnography done three weeks after changing ticagrelor to clopidogrel: normal tracing of airflow with normal ventilatory
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ADP binding site. When bound to this site, ticagrelor inhibits
receptor conformational change and G-protein activation
induced by ADP binding, leading to decreased intracellular
cyclic AMP (cAMP) level within platelets, thereby preventing
aggregation[14,15].Ticagrelor does not alter the configuration
of P2Y12 receptors, and its dissociation from these receptors is
relatively rapid [16].

Ticagrelor is used in combination with aspirin as a
component of DAPT for patients with coronary artery disease,
most notably those undergoing PCl with stent placement
to prevent thrombotic events [17]. Several controlled trials,
including PLATO, DISPERSE-2, RESPONSE and ONSET/OFFSET,
have demonstrated that ticagrelor, when combined with
aspirin, is superior to clopidogrel plus aspirin in reducing
ischemic vascular events, cardiovascular death, recurrent
myocardial infarction, and stroke, particularly in the first three
months following PCl, without significantly increasing major
bleeding risk [18-21].

Ticagrelor and its active metabolite are rapidly absorbed
in the gastrointestinal tract and exhibit rapid onset and
termination of action. Unlike clopidogrel, ticagrelor does
not require hepatic biotransformation for activation and is
primarily metabolized by cytochrome P450 (CYP)3A4 with
a half-life of 7-12 hours [22,23]. No renal dose adjustment is
necessary. The antiplatelet effect of ticagrelor is dependent
on plasma drug concentration, which determines receptor
occupancy.

Ticagrelor-associated dyspnea

Dyspnea is a well-recognized side effect of ticagrelor. The
PLATO trial reported an incidence of dyspnea of 13.8% in
the ticagrelor group versus 7.8% in the clopidogrel group.
By contrast, the ONSET/OFFSET study reported a 38.6%
incidence of dyspnea in the ticagrelor group compared to
9.3% in the clopidogrel group and 8.3% in the placebo group
[24]. Ticagrelor-induced dyspnea typically occurs within hours
to days after drug initiation and is usually mild to moderate,
transient, and self-limiting, resolving spontaneously in most
patients within a few weeks [25]. Patients often describe
dyspnea as a sensation of air hunger or unsatisfied inspiration
at rest, unrelated to exercise, activity, or body position [26,27].
The dyspnea is often episodic, lasting up to two minutes,
and is sometimes associated with anxiety [28]. Between
episodes, patients are usually asymptomatic. However, in
some cases, dyspnea can be severe and persistent, leading to
non-adherence and self-discontinuation of the drug, which
significantly increases the risk for cardiovascular thrombotic
events [29]. Discontinuation rates due to dyspnea vary
between 0.9 % and 10%, with self-discontinuation reported in
up to 6% of patients [30,31].

Interestingly, all three reversible P2Y12 receptor inhibitors
(ticagrelor, cangrelor, and elinogrel) are associated with an
increased incidence of dyspnea compared to irreversible
P2Y12 inhibitors such as clopidogrel.
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Ticagrelor and CSA

CSA syndrome is a sleep disorder characterized by recurrent
episodes of reduced or absent ventilatory effort that leads to
disrupted sleep and intermittent hypoxia. Several studies have
suggested an association between ticagrelor and CSA, with
symptoms improving upon discontinuation and returning
when ticagrelor is reintroduced [32-34].

Although some cases of ticagrelor-associated CSA may be
mild and asymptomatic, moderate to severe CSA can lead
to fatigue, poor sleep quality, insomnia, frequent nocturnal
awakenings, morning headache, poor concentration, and
excessive daytime sleepiness, similar to OSA [35]. One study
reported persistent CSA in 30% of patients after 40 days of
ticagrelor use, raising concerns about the potential impact
of this drug on cardiovascular health; CSA is associated with
increased sympathetic activity, ventricular remodeling, and
negative cardiac outcomes [36,37].

A recent meta-analysis synthesizing data from multiple
clinical trials demonstrated a statistically significant
association between ticagrelor use and the incidence of
CSA-related events [38]. By contrast, a post-hoc analysis
of randomized, double-blinded clinical trials revealed no
significant relationship between ticagrelor use and sleep
apnea [39]. However, post-hoc analyses are inherently limited
in detecting asymptomatic CSA, as these were not included
among the pre-specified adverse events in these trials [40].

Proposed mechanisms of ticagrelor-related dyspnea and
CSA

The exact mechanism underlying ticagrelor-associated

dyspnea and CSA remains unclear. However, several
hypotheses have been proposed:
Adenosine-mediated mechanism: Ticagrelor inhibits

adenosine reuptake by blocking the activity of sodium-
independent equilibrative nucleoside transporter 1 (ENT1),
leading to increased extracellular adenosine levels. Elevated
adenosine levels stimulate hyperventilation, hypocapnia,
and central apnea, contributing to Cheyne-Stokes respiration
[41,42].

P2Y12 receptor antagonism in the nervous system:
P2Y12 receptors are expressed not only on platelets but
also on pulmonary vagal sensory neurons. Ticagrelor may
directly stimulate these neurons, enhancing neuronal
signaling and increasing vagal fiber conductivity, thereby
triggering dyspnea and CSA [43]. Ticagrelor may also increase
carbon dioxide chemosensitivity, leading to a heightened
hypercapnic ventilatory response while maintaining normal
hypoxic chemosensitivity [44]. Inhibition of P2Y12 receptors
on microglial cells in the central nervous system has been
suggested as another possible mechanism [45].

Clinical implications and management

There is currently no data about whether patients with
preexisting cardiopulmonary conditions (e.g., chronic
obstructive pulmonary disease, asthma, congestive heart
failure [CHF]) are at high risk for ticagrelor-induced dyspnea.
However, misattribution of dyspnea to these cardiopulmonary
disorders may lead to unnecessary treatments (e.g., steroids,
diuretics,andinhalers),inappropriate medication adjustments,
and poor adherence to ticagrelor.

Management strategies

Mild cases: Provide reassurance; dyspnea is often transient
and self-limiting

Moderate to severe cases: Consider switching to an
alternative antiplatelet agent (e.g., clopidogrel or prasugrel) if
symptoms are persistent and intolerable.

CSA monitoring: Patients with persistent CSA symptoms
should undergo polysomnography and in-laboratory positive
airway pressure (PAP) titration study to determine the optimal
setting needed to overcome CSA such as continuous positive
airway pressure (CPAP), bilevel positive airway pressure (BIPAP),
or adaptive servo- ventilation (ASV), with or without low flow
oxygen, and be closely monitored for potential cardiovascular
consequences. However, the use of ASV mode in patients with
CSA who have congestive heart failure and a left ventricular
ejection fraction < 45 percent is contraindicated due to an
increase in cardiovascular mortality seen with ASV use among
this patient population [46].

Discontinuation of ticagrelor typically results in the resolution
of symptoms within 24-48 hours, although some cases may
persist for up to one month. Persistent dyspnea can have a
significant impact on quality of life, including an increase
in emergency visits, additional testing (e.g., pulmonary
computed tomography angiography, echocardiography), and
more frequent physician consultations.

Potential role of caffeine and theophylline

Caffeine, an adenosine antagonist, has been investigated
as a potential treatment for ticagrelor-associated dyspnea,
but data are limited. Regular caffeine consumption was not
associated with a lower incidence of dyspnea in ticagrelor-
treated patients [47]. Theophylline, a non-selective
phosphodiesterase inhibitor, has been used in acute care
settings for ticagrelor-induced dyspnea and Cheyne-Stokes
respiration but is not routinely recommended [48].

Risk factors and cardiac implications of CSA

CSA is associated with several risk factors, including
advanced age, renal failure, substance abuse, male sex,
CHF, cerebrovascular accident (CVA), primary mitochondrial
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disease, acromegaly, and hypothyroidism. Additionally,
certain medications (e.g., chronic opioid therapy, baclofen,
gabapentin, benzodiazepines, methadone maintenance
therapy, and antidepressants) have been linked to anincreased
risk of CSA.

Sleep-disordered breathing (SDB) including both OSA
and CSA, is particularly common following a stroke, with
approximately 70% of patients with CVA developing sleep
apnea within 72 hours after CVA. In most cases, SDB after a
CVA is self-limiting and resolves over time [49]. An increased
prevalence of CSA has also been reported after acute coronary
syndrome; however, many studies assessing sleep disorders in
this context do not differentiate between CSA and OSA [50].

Conclusion

While ticagrelor is an essential component of DAPT,
clinicians should be mindful of its association with dyspnea
and CSA. Awareness of these potential adverse effect is
essential to prevent medication non-adherence or premature
discontinuation, which can increase morbidity and mortality
[51]. Patient monitoring, appropriate symptom management,
and timely medication adjustment can help mitigate these
adverse effects while ensuring optimal cardiovascular
protection.

Ticagrelor-induced dyspnea is well-documented and is mild
and self-limiting in most patients. However, the factors leading
to persistence and the long-term implications of ticagrelor-
related CSA remain unclear.

Patients with OSA receiving CPAP therapy who started
on ticagrelor should be monitored for increased residual
AHI, which may indicate ticagrelor-associated CSA [52]. In
such cases, treatment adjustments, including switching to
an alternative antiplatelet agent or using a more advanced
positive airway pressure devices such as ASV or BIPAP with a
back-up respiratory rate may be necessary to manage both
obstructive and central apneas.

Further studies are needed to confirm the association,
elucidate underlying mechanisms, and assess the incidence,

clinical consequences, and long-term outcomes of ticagrelor-
associated CSA.
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