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Objective of the Survey: 

CSA Prevalence after Acute Coronary Syndrom
in patients taking or not taking Ticagrelor

• Inclusion Criteria
• All consecutive patients referred to our cardiac rehabilitation center within one year after ACS are screened

• Exclusion criteria
• Patient refusal

• Heart failure (at any time)

• LVEF < 45%, sPAP > 45 mm Hg

• Already treated OSA or CSA

• All patients undergo
• Overnight sleep study with a Nox T3 sleep monitor (polygraphy)

• Echocardiography

• Exercise test 

• Population size
• Initially 100 patients: 80 Ticagrelor , 20 not taking ticagrelor

• then since december 2019 the survey is going on but we include only patients not taking ticagrelor in order to have a 
control group of 40 patients



Main endpoint of the study : the AHI: Apnea Hypopnea Index
Sleep Disordered Breathing = Apnea + Hypopnea

• Apnea: absence of inspiratory
airflow for at least 10 seconds

10 s

• Hypopnea : decrease of inspiratory airflow (> 50% or < 50% 

+ drop in O2 saturation) for at least 10 seconds

Polygraphy

Polysomnography

And / or 

Main Diagnostic Criteria : AHI: Apnea Hypopnea Index

Apnea Hypopnea Index = 
Number of Apneas per hour + Number of Hypopneas

per hours of sleep

Normal AHI < 5/h
Mild SDB: AHI < 15

Moderate SDB: AHI 15-30
Severe SDB: AHI > 30



Patients Classification According to 
Polygraphy results

• Main Endpoint: AHI (Apnea Hypopnea Index)
• Number of apneas and hypopneas per hour of analysis of time

• Patients were classified in
• « normal »: AHI < 15

• Sleep Disordered Breathing patients: AHI > 15
• « CSA patients »:  AHI > 15 with a majority of central apneas

• « OSA patients »: AHI > 15 with a majority obstructive apneas



Results



178 patients
ACS < 365 days

52 patients LVEF < 45% and/or HF
13 patients SPAP ≥ 45 mm Hg

15patients with already treated OSA 
3 patient refusal

115patients

59 65patients
With AHI < 15

(« normal patients ») 

27  CSA patients
With AHI >15 

(13with AHI > 30)

(« central patients »)

22  OSA patients
With AHI >15

(11 with AHI > 30)

(« obstructive pts »)

49  patients
With AHI >15

« SDB patients » 



Age (years) 56 ± 10

Gender (male) 84%

Delay ACS-polygraphy (days) 68 ± 62 (7-350)

BMI (kg/m2) 28,3  ± 4,4

LVEF (%) 56  ± 4  %

Rest Heart rate 65  ± 9 

Exercice capacity (Watts) 126  ± 41

Beta blockers 90%

ACEI 77%

Statins 99%

Sedative drugs 7%

Aspirin 99%

Clopidogrel 16,5%

Prasugrel 5,5 %

Ticagrelor 74% (n = 80)

Population Characteristics



Main endpoint
(preliminary results) 

% of « CSA patients »  (AHI > 15  and majority of CSA) in patients receiving ticagrelor

(Tica group, n = 80)  

Versus

%  of « CSA patients » in patients not receiving ticagrelor

(Control Group, n = 28)
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Central Sleep Apnea (AHI > 15) rate: 

Ticagrelor vs No Ticagrelor Patients

P = 0,033 ?
A real safety signal 

Apres avoir enlevé champagne ou kalali car avant janvier 2018 et rajouté balane
Savourat compris  



Plan

1°) Our Survey

2°)Sleep Disordered Breathing, what are we talking About ?

3°) Natural Course of Sleep Disordered Breathing After ACS

4°) How to Assess the Causal Relationship Between Ticagrelor and 
Central Sleep Apnea ?

• Imputabily determination methods
• Possible mechanism: How could Ticagrelor promote CSA ?

• Medical publications



Obstructive
OSA

Central
CSA

Prevalence Very frequent
> 5% Of Adults, 30% of 
cardiac patients

rare

Mechanism Upperway obstruction by the 
fall of the tongue

Lack of inspiration 
trigger
by the pacemaker in 
the brain

Causes Obesity
Retrognathia

Heart Failure +++
Brain disease
Drugs (opioids, 

baclofene…)

Prognosis 1-Severe CV consequences
-CV death x 3

2-unrefreshing sleep
-Daytime sleepiness, car      

accidents…

Less severe CV 
consequences ?

Depend on the cause

Treatment CPAP continuous positive 
airway pressure

CPAP/ASV
(adaptative servo 
ventilation)

-Ventilation overshoot elicits sufficient hypocapnia
to cause apnea

-Apnea persists until PaCO2 rises above
the apneic threshold

-And so on and so forth

2 Main Types of SDB



Cheyne Stokes Breathing
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Natural Course of Sleep Disordered Breathing
after ACS without Ticagrelor.

• What we know
• 25-50% of patients have an AHI > to 15 about 2 weeks after ACS,  BUT:

• Most of the sudies do not differentiate between OSA (obstructive sleep apnea) and CSA 
(central sleep apnea) 

• Left ventricular dysfunction are not excluded in most of the studies
• Artificially increasing CSA prevalence

• OSA is frequent in CAD patients, whatever the stage, with or without recent ACS

• What we don’t know
• CSA prevalence in patients after ACS without Left ventricular dysfunction and/or 

heart failure
• The background noise of 10 % observed in our survey in the control 

group seems to be credible
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Causality assessment methods
of an adverse drug reaction

IMPUTABILITY



French Method

• Chronology: 
• Delay after drug introduction

• evolution after drug withdrawal, 

• rechallenge

• Extrinsic Imputability
• Well reported cases

• Mechanism
• Possible mechanism

• Other explanation (drugs)

• Test proving the causality



How could Ticagrelor promote CSA ?

Possible Mechanism (s)



At least 2 possible mechanisms

(1) Emdin M, Passino C. N Engl J Med 2016; 375: 1004-6
(2)Revol B, Julian Desayes I, Talisier R, Puel V, Mallaret M, Pepin JL. J Am Coll Cardio 2018; 71: 2378-9
(3) Cattaneo M et al. J Am Coll Cardiol 2014; 63: 2503-9
(4) Ortega Paz L; Circulation 2018

To hypercapnia1,2,4

Increase in adenosine concentration and activity3

clopidogrel
Ticagrelor

Ticagrelorclopidogrel
Ticagrelor



At least 2 possible mechanisms

(1) Giannoni A, Emdin M, Passino C. N Engl J Med 2016; 375: 1004-6
(2)Revol B, Julian Desayes I, Talisier R, Puel V, Mallaret M, Pepin JL. J Am Coll Cardio 2018; 71: 2378-9
(3) Cattaneo M et al. J Am Coll Cardiol 2014; 63: 2503-9
(4) Ortega Paz L; Circulation 2018

To hypercapnia1,2,4

Increase in adenosine concentration and activity3



Chronology
and Well Reported Cases



Medical Publications and Evolution after Drug Withdrawal and Reintroduction

published CSA 
patients 

CSA improvement
after drug withdrawal

Recurrence after drug
reintroduction

Giannoni
N Engl J Med 2016

N = 4 Yes (N = 1)
NA (N = 3)

NA

Puel V 
Br J Clin Pharmacol
2019

N= 2 Yes (N = 2) Yes N = 2

Kado J
Sleep 2018

N = 1 Yes (N = 1) NA

Paboeuf C
J Clin Sleep Med 2019

N = 1 Yes (N = 1) Yes N = 1 

Revol *
J Am Coll Cardiol 2018

N = 28
(OSA or CSA ?)

NA NA

After our Survey 
TOTAL

N = 8 +25 = 33 
(± 28)

Yes: N = 5/5 Yes N = 3/3

*World Health Organisation database (Vigibase) Analysis

TOTAL N = 8  (± 28) Yes: N = 5/5 Yes N = 3/3



Naranjo CA et al. Clin Pharmacol Ther 1981Canadian Imputability Score determination:
score ≤ 0 : dobtful ◦ 1 ≤ score ≤ 4 : possible ◦ 5 ≤ score ≤ 8 : probable ◦ score ≥ 9 : sure
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Conclusion (1) 

• Possible/probable causal relationship between Ticagrelor
and CSA

• Severity of this adverse effect is unknown
• But as (1) it seems to be frequent but (2) does not undermine the 

results of big mortality studies (PLATO) 

• This suggests a modest severity of this side effect

• Our survey
• Adds a large number of cases (from 8 to 33)

• Seems to show a statistical correlation between the drug
administering and the adverse drug reaction

• But it has many limits



• Should we stop Ticagrelor in these patients ?
• In my opinion the answer is no in most patients because:

• This side effect does not seem to be severe (?)

• To replace an antithrombotic by another could be risky

• Heamorragias (loading doses)

• Stent thrombosis…

•We should at least study this side effect by conducting
a larger multicentric survey in which could at least:
• Assess it’s incidence in a larger population

• Assess it’s evolution at 1 and 6 and 12  months

• Relationship with ticagrelor induced dyspnea

Conclusion (2) 



Backup slides



sleep disordered breathing early after ACS(1)

• Meta analysis of 32 studies including 3360 patients

Huang Z et al. Sleep Breath 2017; 21: 217-26
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natural course of sleep disordered breathing ACS (2)

• 15 days after MI, 52% of the patients (n = 92)

Had significant SDB (AHI > 15)
• % 53% OSA, 47% CSA

• After 2 months, CSA decreases a little, OSA 
doesn’t decrease • Flaws of the Study

• Patients with low LVEF not 
excluded
• Artificially increasing CSA

• Only 54 patients had a precise
sleep study

Allowing to differentiate CSA and OSA

Hayashi H et al. J Nippon Med Sch 2013; 80: 3
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Ticagrelor
N = 80

No ticagrelor
N = 24

p

age 55,6 57,0 0,6

gender 85 80 0,5

BMI 28 30 0,07

LVEF 56,4 54,9 0,18

BNP 97 154 0,3

Ex Capacity 129 109 0,08

Delay ACS-
polygraphy

68 69 0,9

Diabetes 19 21 0,8

High BP 28,7 53 0,04

smokers 45 42 0,8

Ticagrelor vs No Ticagrelor Patients
(preliminary results 104 patients)



CSA with AHI > 15
N = 28

Others
N = 72 

p

Age 61,6 53,8 0,0003

Gender 96,4 79,2 0,03

BMI 28,8 28,2 0,6

Delay SCA-
polygraphy

71 67 0,7

LVEF 55,7 56,3 0,6

BNP 117 108 0,8

Exercice capacity 133 123 0,3

Sedative drugs 10,7 5,6 0,4

Diabetes 28,6 15,5 0,14

AHI 33,4 14,4 < 0,0001

Apnea index 15,8 6,6 0,001

Cheynes stokes 127 min 56 min < 0,0001

Ticagrelor 89,3% 76,4% 0,15



Consequences of sleep apnea
(more pronounced in OSA)

• Arterial blood gas abnormalities with intermittent hypoxemia –
reoxygenation and fluctuations in PCO2
• Coronary artey disease…

• Excessive arousals
• Unrefreshing sleep, daytime sleepiness, car accidents…

• Increased sympathetic activity
• High Blood Pressure, Stroke, Atrial fibrillation, Coronary artery disease…

• Intrathoracic pressure swings
• Atrial fibrillation ? 



Prospective study . Follow-up > 10 years.

Untreated patients 

264 Control Patients

377 Snorers

403 moderate OSA (AHI < 30))

235 Severe SAOS (AHI > 30)

Patients traités 

372 OSA patients

OSA: cardiovascular death x 3 

Jose M Marin, Lancet 2005



OSA mechanism

Upper airway obstruction due to fall of the tongue backward during deep sleep and REM (« paradoxal » sleep)

complete upper airway occlusion in the face of continued activity of inspiratory

thoracic pump muscles



-Ventilation overshoot elicits sufficient hypocapnia
to cause apnea

-Apnea persists until PaCO2 rises above
the apneic threshold

-And so on and so forth

Central Apnea Mechanism

Upper airway is fully open but there is no brain trigger to initiate respiration movement


