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Abstract  
 

The trigeminal cardiac reflex (TCR) is a unique and powerful brainstem reflex that has received a great deal of research 

interest. Sleep bruxism (SB) is sleep disorder that affects the TCR as well as other brainstem reflexes via stimulation of the 

brainstem; at the level of the gasserion ganglion (GG). TCR play an important role in sleep bruxism while an exaggerated 

form of this reflex could be responsible for sleep disorders. This paper will discuss the unusual relationship of Trigeminal 

cardiac reflex – bruxism – sleep disorders.  

Keywords: Trigeminal cardiac reflex, sleep bruxism, sleep disorders, gasserian ganglion, tachycardia, heart rate, micro – 

arousals. 
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INTRODUCTION 
Trigeminal cardiac reflex (TCR) is one of the 

most powerful autonomic reflexes of the body that helps 

reduce heart rate under challenging situations by acting 

as oxygen-conserving reflex [1-3]. The TCR is 

commonly defined as suggested by Schaller and 

colleagues as a sudden drop in heart rate (HR) and mean 

arterial blood pressure (MABP) of more than 20% as 

compared with baseline values [27] evoked by a 

physical (mechanical, electrical) or chemical 

manipulation of any of the branches of the trigeminal 

nerve [28, 29]. The trigeminal nerve can be stimulated 

anywhere along its course and causes sympathetic 

withdrawal and parasympathetic over activity through 

the vagus nerve resulting in bradycardia or even asystole, 

apnea, bradypnea, and hypotension. Various 

manifestations of the TCR include the naso-cardiac 

reflex, peripheral TCR, the diving reflex (DR), and the 

central TCR [4-8]. TCR is also linked to sleep disorders 

like sleep-related bruxism (SB) [9]. 

 

Bruxism is defined as 'repetitive jaw-muscle 

activity characterised by clenching or grinding of the 

teeth and/or by bracing or thrusting of the mandible' with 

'two distinct circadian manifestations; either occurring 

during sleep (sleep bruxism) or during wakefulness 

(awake bruxism) [10] Sleep bruxism (SB) may lead to 

masticatory muscle hypertrophy, tooth surface loss, 

fracture of restorations or teeth, hypersensitive or painful 

teeth [11-14]. 

 

Sleep disorders are a common increasing health 

problem in today’s fast life and can have a significant 

impact on quality of life and of working. They commonly 

manifest as excessive daytime sleepiness, difficulty 

initiating or maintaining sleep, or abnormal movements, 

behaviours and sensations occurring during sleep. Sleep 

bruxism, thought to be a more intense form of rhythmic 

masticatory muscle activity (RMMA), has a prevalence 

of about 8% [14].  

 

SB results in micro – arousals from sleep 

classifying it as a true sleep disorder it is also associated 

with inception of chronic myofascial pain [15] affecting 

the orofacial region, tension and migraine type 

headaches, and temporomandibular dysfunction 

syndrome (TMD) affecting the temporomandibular 

joints [15, 16]. 

 

The TCR is a powerful brainstem reflex that 

manifests as a sudden onset of hemodynamic influences 

on heart rate (HR); blood pressure (BP) and has been 
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associated with cardiac arrhythmias; asystole; apnea and 

gastric mobility [17]. It is an oxygen conserving reflex 

that was first discovered in 1999 [18]. The reflex may be 

activated by mechanical or chemical stimulation of the 

trigeminal nerve at any course along its distribution. 

Stimulation of the Trigeminal cardiac reflex results in 

neuronal signals being transmitted via the trigeminal 

nerve to the gasserian ganglion; continuing to the sensory 

nucleus of the trigeminal nerve (V5) in the brain stem 

(mesencephalic nucleus). Signals are then transmitted 

polysynaptically through the reticular formation (RF); 

via short internucial fibres; to the dorsal motor nucleus 

of the vagus nerve (X). This pathway is considered as an 

afferent to the TCR. Parasympathetic neurons comprise 

much of reflex; arising in motor nucleus of V5. 

Stimulation of V5 results in bradycardia; hypotension; as 

well as apnea and gastric hypermobility [19] the reflex is 

of utmost importance during surgical procedures 

adjacent to the branches of the trigeminal nerve as the 

TCR can inadvertently be stimulated compromising the 

surgical procedure [20-23]. In the procedures near or in 

the gasserian ganglion; the opposite effect may be 

encountered; tachycardia; tachypnoea and hypotension 

and gastric hypomobility [24, 25]. 

 

 
Fig. 1: Pathway of the trigeminal reflex [30] 

 

Table 1: The Extended Classification of the Trigemino - cardiac Reflex [26] 

 Skin, nasal 

mucosa, the 

Diver’s reflex 

Peripheral 

 

Gasserion ganglion Central  Brainstem  

Oculocardiac   –Maxilla 

mandibular  

   

Stimulus  V1  Pressure on 
globe  

V2 and V3  Direct stimulation  Stimulation after 
ganglion  

Direct 
stimulation on 

brainstem  

Heart rate  Bradycardia  Bradycardia  Bradycardia  Bradycardia and 

tachycardia  

Bradycardia  Bradycardia  

Blood 

pressure  

Hypertension  Hypotension, 

Normotension 

Hypotension,  

Normotension   

Hypotension or 

Hypertension  

Hypotension  Hypotension  

Respiration  Apnea  Apnea  Apnea  Apnea or Hyperpnea  Apnea  Apnea  
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Fig. 2: Trigemino – cardiac reflex [26] 

 

Sleep bruxism affects the trigeminal nerve at 

the level of the Gasserion ganglion, neurochemically. 

The stimulation occurs through afferents from the 

periodontal ligaments of the teeth, the mental nerve of 

the mandible and muscle spindle organs located in the 

masseter and temporalis muscles [31]. At this level, both 

sympathetic and parasympathetic modulation may be 

observed as tachycardia or bradycardia, a decrease or 

increase in respiration or as an increase or decrease in 

blood pressure, gastric motility and cranial pressure. 

tachycardia, tachypnoea, and inhibition of gastric 

motility, hypertension, and increased intracranial 

pressure are seen due to sympathetic hyperstimulation of 

TCR [32]. Genetic mutations associated with sleep 

bruxism include the HTR2A C Allele rs2770304 as a 

polymorphism affected the brain as well as the DRD3 

rs6280, also as a polymorphism [33, 34].  

 

Two types of sleep have been described which 

are non-rapid eye movement (NREM) and rapid eye 

movement (REM). NREM further has four stages, 

representing a continuum of relative depth of sleep. 

NREM and REM cycle throughout the night. Normal 

individuals first enter sleep in NREM, which progresses 

through stages 1, 2, 3 and 4, and then enter REM sleep 

[36]. 

 

NREM sleep occupies 75–80% of sleep and 

REM sleep accounts for 20–25%. The average length of 

NREM–REM cycles is 70–100 min initially and later 

increases to 90–120 min as sleep progresses. The 

duration of REM sleep in each cycle increases as the 

night progresses [35].   

 

The four stages of NREM sleep have 

characteristic brain physiology. Stage 1 accounts for 2–

5% of total sleep and gets easily disrupted by loud noise. 

Electroencephalogram (EEG) waves in this stage show 

transition from alpha waves to low voltage and mixed 

frequency waves. Stage 2 accounts for 45–55% of total 

sleep and is characterized by low voltage, mixed 

frequency waves with sleep spindles and K-complexes. 

Stages 3 and 4 are together called slow-wave sleep they 

are characterized by high voltage and slow wave activity. 

Stage 3 accounts for 3–8% and stage 4 for 10–15% of 

total sleep. Among all stages of NREM sleep, arousal 

threshold is highest for stage 4 [35]. REM sleep is 

characterized by theta waves and slow alpha waves, 

muscle atonia, and bursts of REMs [35]. Most of 

dreaming and memory consolidation occur during REM 

sleep [37]. Non-rapid eye movement and REM sleep 

vary considerably concerning physiological changes [38, 

39]. Broadly, brain activity, heart rate, blood pressure, 

cerebral blood flow, and respiration decrease during 

NREM and increase in REM sleep. Muscle tone is absent 

and the body temperature regulation is disturbed during 

REM sleep. Airway resistance increases during both 

NREM and REM sleep, compared to wakefulness [40].  

 

The third edition of International Classification 

of Sleep Disorders (ICSD-3) classifies sleep disorders 

into seven major diagnostic sections—insomnia, sleep-

related breathing disorders, central disorders of 

hypersomnolence, circadian rhythm sleep–wake 

disorders, parasomnias, sleep-related movement 

disorders, and other sleep disorders [41]. The ICSD-3 

classifies obstructive sleep apnea (OSA) as a sleep- 

related breathing disorder while SB is classified as a 

sleep-related movement disorder [42]. The etiology of 
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sleep disorders can be related to social, psychological, 

and anatomical factors. Insomnia occurs because of a 

combination of biological, mental, and social factors, 

stress, old age, and female gender play a major role. OSA 

occurs due to frequent periods of collapse of the 

pharyngeal airway. This causes reduction in oxygen 

saturation of blood leading to cortical and brainstem 

arousals. Risk factors for OSA include obesity, male sex, 

alcoholism, increasing age, etc., and it has been found to 

be associated with higher incidence of hypertension, 

myocardial infarction, congestive heart failure, and 

diabetes [43-46]. Patients of sleep bruxism, a more 

intense form of RMMA, experience higher episodes of 

RMMA per hour than patients without bruxism [36]. 

Three types of bruxism have been described: tooth 

grinding with friction sounds, tooth clenching, and 

tapping or jaw bracing [47].  

 

It is a well-established fact that the autonomic 

nervous system plays a critical role in the pathogenesis 

of various cardiac arrhythmias [57, 58]. For example, 

atrial fibrillation reportedly has an association with an 

imbalance between the sympathetic and parasympathetic 

supply of the heart [59]. Similarly, ventricular fibrillation 

has been shown to be initiated by sympathetic 

stimulation, especially in an ischemic heart [60]. A direct 

relationship between the severity of OSA and the risk of 

sudden cardiac death at night has been proposed, 

probably due to greater number of nocturnal ischemic 

events in these patients [61]. 

 

The resulting decrease in heart rate and apnea 

are the mechanisms through which the TCR can be 

implicated in causing various sleep disorders the TCR 

can also be linked to both causation as well as systemic 

manifestations of OSA. One of the key components of 

OSA is hypoxemia which itself acts as a potential risk 

factor for inciting the TCR. Also, hypoxemia is a known 

cause of sudden death in such patients; therefore may 

suggest the role of the TCR in victims of sudden death as 

well [48]. 

 

 

Fig. 3: Trigemino – cardiac reflex pathway and sleep disorders [36] 

 

The naso-trigeminal reflex, a form of peripheral 

TCR which is known to be a protective response for the 

upper airways from noxious substances. Dutschmann 

and Herbert in 1999 tested the hypothesis that 
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stimulation of sensory trigeminal afferents might 

contribute to REM sleep apnea. They reported that 

injection of carbachol (mixed agonist for nicotinic and 

muscarinic acetyl- choline receptors) into pontine 

reticular nuclei of anesthetized rats causes marked 

potentiation of ethmoidal nerve induced respiratory 

depression and induces REM sleep like respiratory 

suppression, even apnea in some cases. The authors 

speculated that activation of sensory trigeminal afferents 

during REM sleep could easily trigger centrally mediated 

apnea’s and cause pathological conditions like REM 

sleep apnea or sudden infant death syndrome (SIDS) 

[49]. An increase in upper airway resistance and 

increased nasal discharge, as seen in allergic rhinitis and 

rhino sinusitis, have been found responsible for 

disordered breathing in sleep and Micro – arousals [50]. 

 

Heiser et al., have demonstrated that trigeminal 

stimulation during sleep leads to arousals in a dose- and 

time-dependent manner [51, 52]. Several authors have 

shown earlier that failure to arouse from sleep could be 

the causative factor for SIDS. Decreased spontaneous 

arousals during sleep in SIDS victims compared with 

control infants has been described [53, 54] and has been 

attributed to the possible immaturity of the autonomic 

nervous system as shown by Tuladhar et al., in their 

study, where they examined heart rate responses to 

arousing and non-arousing trigeminal stimuli [55]. 

Tuladhar et al., in 2005 reported that the bradycardia 

occurring in response to non-arousing stimulation of the 

trigeminal nerve is present in infants up to 6 months of 

age and is stronger when sleeping in the supine position 

and the NREM (quiet sleep) sleep stage [56]. 

 

CONCLUSION  
The TCR might be playing a protective role in 

the case of sleep bruxism, while an exaggerated form of 

this reflex could be responsible for SD and SIDS [36]. 

Based on the available literature and past cases, the TCR 

can be thought to be playing an important role in various 

sleep disorders, though further evidence is warranted 

before it can be definitively implicated [36]. Clinical 

implications are significant as recognizing the 

association between TCR, bruxism and sleep disorders 

could offer new ways for diagnosis and treatment. 

Healthcare professionals, including dentists, sleep 

specialists and cardiologists should give importance to 

know about oral health, sleep quality and cardiovascular 

well being.  

 

Future research should focus on conducting 

well designed studies to know the specific mechanism 

that underlie the TCR – bruxism – sleep disorder 

relationship. This includes exploring the role of the 

trigeminal nerve in greater detail during bruxism 

episodes, understanding the autonomic changes 

associated with TCR activation and investigating how 

these interactions impact overall health.  

 

The exploration of the trigeminal cardiac reflex 

in the context of bruxism and sleep disorders holds 

promise for advancing our understanding of the intricate 

connections between oral health, sleep and 

cardiovascular function. As research progresses, it is 

anticipated that this knowledge will contribute to more 

targeted and effective interventions, ultimately 

improving the comprehensive care provided to 

individual affected by these interconnected conditions.  

 

REFERENCES  
1. Sandu N, Spiriev T, Lemaitre F, Filis A, Schaller B, 

Trigemino-Cardiac Reflex Examination Group 

(TCREG). New molecular knowledge towards the 

trigemino-cardiac reflex as a cerebral oxygen-

conserving reflex. Scientific World Journal (2010) 

10:811–7. doi:10.1100/tsw.2010.71 

2. Schaller B, Cornelius JF, Sandu N, Ottaviani G, 

Perez-Pinzon MA. Oxygen-conserving reflexes of 

the brain: the current molecular knowledge. J Cell 

Mol Med (2009) 13:644–7. doi:10.1111/j.1582-

4934.2009.00659.x 

3. Sandu, N., Cornelius, J., Filis, A., Nöthen, C., 

Rasper, J., Kulinsky, V. I., & Schaller, B. J. (2010). 

Cerebral hemodynamic changes during the 

trigeminocardiac reflex: description of a new animal 

model protocol. The Scientific World Journal, 10(1), 

1416-1423. doi: 10.1100/tsw.2010.136 

4. Lemaitre F, Chowdhury T, Schaller B. The 

trigeminocardiac reflex – a comparison with the 

diving reflex in humans. Arch Med Sci (2015) 

11:419–26. doi:10.5114/aoms.2015.50974 

5. Meuwly C, Golanov E, Chowdhury T, Erne P, 

Schaller B. Trigeminal cardiac reflex: new thinking 

model about the definition based on a literature 

review. Medicine (Baltimore) (2015) 94: e484. 

doi:10.1097/MD.0000000000000484 

6. Sandu N, Sadr-Eshkevari P, Schaller BJ, Trigemino-

Cardiac Reflex Examination Group (TCREG). 

Usefulness of case reports to improve medical 

knowledge regarding trigemino-cardiac reflex in 

skull base surgery. J Med Case Rep (2011) 5:149. 

doi:10.1186/1752-1947-5-149 

7. Nöthen, C., Sandu, N., Prabhakar, H., Filis, A., 

Arasho, B. D., Buchfelder, M., & Schaller, B. J. 

(2010). Trigemino-cardiac reflex and antecedent 

transient ischemic attacks. Expert Review of 

Cardiovascular Therapy, 8(4), 509-512. doi: 

10.1586/erc.10.19 

8. Schaller B. Trigeminocardiac reflex. A clinical 

phenomenon or a new physiological entity? J 

Neurol (2004) 251:658–65. doi:10.1007/s00415-

004-0458-4 

9. Schames SE, Schames J, Schames M, Chagall-

Gungur SS. Sleep bruxism, an autonomic self-

regulating response by triggering the trigeminal 

cardiac reflex. J Calif Dent Assoc (2012) 40:670–1, 

674–6. 

10. Lobbezoo, F., Ahlberg, J., Glaros, A. G., Kato, T., 

Koyano, K., Lavigne, G. J., ... & Winocur, E. 



 
 

Faisal Taiyebali Zardi et al; Saudi J Oral Dent Res, Jul 2024; 9(7): 122-128 

© 2024 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates                                                                                      127 

 
 

(2013). Bruxism defined and graded: an 

international consensus. Journal of oral 

rehabilitation, 40(1), 2-4. 

11. Paesani D. Bruxism Theory and Practice. Chicago: 

Quintessence Publishing Co. Inc., 2010. 

12. Lobbezoo, F., Ahlberg, J., Manfredini, D., & 

Winocur, E. (2012). Are bruxism and the bite 

causally related?. Journal of oral rehabilitation, 

39(7), 489-501. 

13. Fernandes, G., Franco, A. L., Gonçalves, D. A., 

Speciali, J. G., Bigal, M. E., & Camparis, C. M. 

(2013). Temporomandibular disorders, sleep 

bruxism, and primary headaches are mutually 

associated. J Orofac Pain, 27(1), 14-20. 

14. Reding GR, Rubright WC, Zimmerman SO. 

Incidence of bruxism. J Dent Res (1966) 45:1198–

204. doi:10.1177/00220345660450042701  

15. Schmitter M, Kares-Vincianu A, Kares H, Bermejo 

JL, Schindler H (2015) Sleep-associated aspects of 

myofascial pain among Temporomandibular 

Disorder patients and controls. Sleep Medicine 

16(9): 1056-1061. 

16. Fernandes, G., Franco, A. L., Gonçalves, D. A., 

Speciali, J. G., Bigal, M. E., & Camparis, C. M. 

(2013). Temporomandibular disorders, sleep 

bruxism, and primary headaches are mutually 

associated. J Orofac Pain, 27(1), 14-20. 

17. Schaller, B., Cornelius, J. F., Prabhakar, H., 

Koerbel, A., Gnanalingham, K., Sandu, N., ... & 

Trigemino-Cardiac Reflex Examination Group 

(TCREG. (2009). The trigemino-cardiac reflex: an 

update of the current knowledge. Journal of 

neurosurgical anesthesiology, 21(3), 187-195. 

18. Sandu N Schaller B (2010) The trigemino-cardiac 

reflex: a view to the future. Arch Med Sci 16(1): 

138-139. 

19. Meuwly, C., Chowdhury, T., Sandu, N., Golanov, 

E., Erne, P., Rosemann, T., & Schaller, B. (2017). 

Definition and diagnosis of the trigeminocardiac 

reflex: a grounded theory approach for an update. 

Frontiers in neurology, 8, 533. 

20. Shibao S, Kenawy K, Borghei Razavi H, Yoshida K 

(2017) The Trigeminocardiac Reflex During the 

Anterior Transpetrosal Approach. World 

Neurosurg 106: 939-944. 

21. Wang, C. M., Guan, Z. Y., Zhang, J., Cai, C. H., 

Pang, Q. G., Wang, R. W., ... & Ma, Y. (2015). 

Comparative study of trigeminocardiac reflex after 

trigeminal ganglion compression during total 

intravenous anesthesia. Journal of Neurosurgical 

Anesthesiology, 27(1), 16-20. 

22. Bhargava D, Thomas S, Chakravorty N, Dutt A 

(2014) Trigeminocardiac Reflex: A Reappraisal 

with Relevance to Maxillofacial Surgery. 

] Maxillofac Oral Surg 13 (4): 373-377. 

23. Krishnan B (2011) Re: classification of potential 

risk factors for trigeminocardiac reflex in 

craniomaxillofacial surgery. J Oral 

Maxillofac Surg 69 (4): 960. 

24. Arakeri G, Brennan PA (2010) Trigeminocardiac 

reflex: potential risk factor for syncope in 

exodontia? | Oral Maxillofac Surg 68(11): 2921-

 2922. 

25. Seker A, Toktas ZO, Peker S, Batirel HA, Necmettin 

Pamir M (2009) Asystole due to trigemino-cardiac 

reflex: a rare complication of trans-sphenoidal 

surgery for pituitary adenoma. J Clin Neurosci 16 

(2): 338- 340. 

26. Luco K. The Relationship of the Trigemino-Cardiac 

Reflex to Sleep Bruxism. On J Neur & Br Disord. 

2018;1(2). 

27. Schaller B, Probst R, Strebel S, Gratzl 

O.Trigeminocardiac reflex during surgery in the 

cerebellopontine angle. J Neurosurg 1999; 90:215–

220. 

28. Schaller B. Trigemino-cardiac reflex during 

transsphenoidal surgery for pituitary 

adenomas. Clin Neurol Neurosurg 2005; 107:468–

474.  

29. Schaller BJ, Weigel D, Filis A, Buchfelder 

M.Trigemino-cardiac reflex during transsphenoidal 

surgery for pituitary adenomas: methodological 

description of a prospective skull base study 

protocol. Brain Res 2007; 1149:69–75. 

30. Abdulazim M, Stienen N, Sadr-Eshkevari P, et 

al. Trigeminocardiac Reflex in Neurosurgery: 

Current Knowledge and Prospects, Explicative 

Cases of Controvesial Issues in Neurosurgery, 

Signorelli F. (Ed.); 2012:3–18. ISBN: 978-953-51-

0623-4. 

31. Luco K (2018) The Relationship of the Trigemino-

Cardiac Reflex to Sleep Bruxism. On J Neuro & Br 

Disord 1.  

32. Luco K. A Study Comparing Primary and 

Secondary Sleep Bruxism and their Effect on the 

Trigeminal Cardiac Reflex. J Sleep Disor: Treat 

Care 7: 3. of. 2018;7:18-22. 

33. Oporto GH, Bornhardt T, Iturriaga V, Salazar LA 

(2016) Genetic polymorphisms in the serotonergic 

system are associated with circadian manifestations 

of bruxism. J Oral Rehab 43: 805-812.  

34. Lavigne G, Kato T, Kolta A, Sessle BJ (2003) 

Neurobiological Mechanisms Involved in Sleep 

Bruxism. Crit Rev Oral Biol Med 14: 30-46.  

35. Carskadon MA, Dement WC. Normal human sleep: 

an overview. 5th ed. In: Kryger MH, Roth T, 

Dement WC, editors. Principles and Practice of 

Sleep Medicine. St. Louis: Elsevier Saunders (2005). 

p. 16–26.  

36. Chowdhury T, Bindu B, Singh GP, Schaller B. Sleep 

disorders: is the trigemino-cardiac reflex a missing 

link?. Frontiers in neurology. 2017 Feb 27;8:63. 

37. Smith C, Lapp L. Increases in number of REMs and 

REM density in humans following an intensive 

learning period. Sleep (1991) 14:325–30.  

38. Madsen, P. L., Schmidt, J. F., Wildschiodtz, G. O. 

R. D. O. N., Friberg, L. A. R. S., Holm, S. O. R. E. 

N., Vorstrup, S., & Lassen, N. A. (1991). Cerebral 

O2 metabolism and cerebral blood flow in humans 



 
 

Faisal Taiyebali Zardi et al; Saudi J Oral Dent Res, Jul 2024; 9(7): 122-128 

© 2024 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates                                                                                      128 

 
 

during deep and rapid-eye-movement sleep. Journal 

of applied physiology, 70(6), 2597-2601. 

39. Somers VK, Dyken ME, Mark AL, Abboud FM. 

Sympathetic-nerve activity during sleep in normal 

subjects. N Engl J Med (1993) 328:303–7. 

doi:10.1056/ NEJM199302043280502  

40. Colten HR, Altevogt BM, editors. Sleep physiology. 

Sleep Disorders and Sleep Deprivation: An Unmet 

Public Health Problem. Washington: National 

Academies Press (2006). p. 33–54.  

41. Sateia MJ. International classification of sleep 

disorders-third edition: highlights and 

modifications. Chest (2014) 146:1387–94. 

doi:10.1378/chest. 14-0970  

42. Bixler EO, Vgontzas AN, Ten Have T, Tyson K, 

Kales A. Effects of age on sleep apnea in men: I. 

Prevalence and severity. Am J Respir Crit Care Med 

(1998) 157:144–8. 

doi:10.1164/ajrccm.157.1.9706079  

43. Young T, Javaheri S. Systemic and pulmonary 

hypertension in obstructive sleep apnea. 4th ed. In: 

Kryger MH, Roth T, Dement WC, editors. 

Principles and Practice of Sleep Medicine. 

Philadelphia: Elsevier Saunders (2005). p. 1192–

202.  

44. Marin JM, Carrizo SJ, Vicente E, Agusti AG. Long-

term cardiovascular outcomes in men with 

obstructive sleep apnoea-hypopnoea with or without 

treatment with continuous positive airway pressure: 

an obser- vational study. Lancet (2005) 365:1046–

53. doi:10.1016/S0140-6736(05) 71141-7  

45. Javaheri, S., Parker, T. J., Liming, J. D., Corbett, W. 

S., Nishiyama, H., Wexler, L., & Roselle, G. (1998). 

Sleep apnea in 81 ambulatory male patients with 

stable heart failure: types and their prevalences, 

consequences, and presentations. Circulation, 

97(21), 2154-2159. doi: 

10.1161/01.CIR.97.21.2154 

46. Punjabi, N. M., Shahar, E., Redline, S., Gottlieb, D. 

J., Givelber, R., & Resnick, H. E. (2004). Sleep-

disordered breathing, glucose intolerance, and 

insulin resistance: the Sleep Heart Health Study. 

American journal of epidemiology, 160(6), 521-530. 

doi:10.1093/ aje/kwh261  

47. Vetrugno, R., Provini, F., Plazzi, G., Lombardi, C., 

Liguori, R., Lugaresi, E., & Montagna, P. (2002). 

Familial nocturnal facio-mandibular myoclonus 

mimicking sleep bruxism. Neurology, 58(4), 644-

647. doi:10.1212/WNL.58.4.644  

48. Ludka O, Konecny T, Somers V. Sleep apnea, 

cardiac arrhythmias, and sudden death. Tex Heart 

Inst J (2011) 38:340–3.  

49. Dutschmann M, Herbert H. Pontine cholinergic 

mechanisms enhance trigeminally evoked 

respiratory suppression in the anesthetized rat. J 

Appl Physiol (1999) 87:1059–65. 

50. Lavie P, Gertner R, Zomer J, Podoshin L. Breathing 

disorders in sleep associated with “microarousals” 

in patients with allergic rhinitis. Acta Otolaryngol 

(1981) 92:529–33. 

doi:10.3109/00016488109133292  

51. Heiser, C., Baja, J., Lenz, F., Sommer, J. U., 

Hörmann, K., Herr, R. M., & Stuck, B. A. (2015). 

Trigeminal induced arousals during human sleep. 

Sleep and Breathing, 19, 553-560. 

doi:10.1007/s11325-014-1046-1 

52. Stuck, B. A., Stieber, K., Frey, S., Freiburg, C., 

Hörmann, K., Maurer, J. T., & Hummel, T. (2007). 

Arousal responses to olfactory or trigeminal 

stimulation during sleep. Sleep, 30(4), 506-510. 

doi:10.1093/sleep/30.4.506 

53. Kahn, A., Groswasser, J., Rebuffat, E., Sottiaux, M., 

Blum, D., Foerster, M., ... & Wayenberg, J. L. 

(1992). Sleep and cardiorespiratory characteristics 

of infant victims of sudden death: a prospective 

case-control study. Sleep, 15(4), 287-292. 

54. Schechtman VL, Harper RM, Wilson AJ, Southall 

DP. Sleep state organization in normal infants and 

victims of the sudden infant death syndrome. 

Pediatrics (1992) 89:865–70.  

55. Tuladhar R, Harding R, Michael Adamson T, Horne 

RS. Comparison of postnatal development of heart 

rate responses to trigeminal stimu- lation in sleeping 

preterm and term infants. J Sleep Res (2005) 14:29–

36. doi:10.1111/j.1365-2869.2004.00434.x  

56. Tuladhar R, Harding R, Adamson TM, Horne RS. 

Heart rate responses to non-arousing trigeminal 

stimulation in infants: effects of sleep position, sleep 

state and postnatal age. Early Hum Dev (2005) 

81:673–81. doi:10.1016/j. earlhumdev.2005.04.002  

57. Harris AS, Estandia A, Tillotson RF. Ventricular 

ectopic rhythms and ventric- ular fibrillation 

following cardiac sympathectomy and coronary 

occlusion. Am J Physiol (1951) 165:505–12.  

58. Shen MJ, Zipes DP. Role of the autonomic nervous 

system in modu- lating cardiac arrhythmias. Circ 

Res (2014) 114:1004–21. doi:10.1161/ 

CIRCRESAHA.113.302549  

59. Bettoni M, Zimmermann M. Autonomic tone 

variations before the onset of paroxysmal atrial 

fibrillation. Circulation (2002) 105:2753–9. 

doi:10.1161/01. CIR.0000018443.44005.D8  

60. Opthof, T., Misier, A. R., Coronel, R., Vermeulen, 

J. T., Verberne, H. J., Frank, R. G., ... & Janse, M. J. 

(1991). Dispersion of refractoriness in canine 

ventricular myocardium. Effects of sympathetic 

stimulation. Circulation research, 68(5), 1204-

1215. doi: 10.1161/01.RES.68. 5.1204 

61. Kuniyoshi FH, Garcia-Touchard A, Gami AS, 

Romero-Corral A, van der Walt C, Pusalavidyasagar 

S. Day-night variation of acute myocardial 

infarction in obstructive sleep apnea. J Am Coll 

Cardiol (2008) 52:343–6. doi: 10.1016/j. 

jacc.2008.04.027 

 


