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Abstract 
We report on an 83-year-old male with traumatic brain injury after syncope with a fall in the morning. He had a history of seizures, coronary artery disease and paroxysmal atrial fibrillation (AF). No medical cause for seizures and syncope was determined. During rehabilitation, the patient still complained of seizures, and also reported sleepiness and snoring. Sleep apnea diagnostics revealed obstructive sleep apnea (SA) with an AHI of 35/h, and sudden onset of tachycardia with variations of heart rate based on paroxysmal atrial fibrillation. Additional tests showed nocturnal AF which spontaneously converted to sinus rhythm mid-morning with an arrest of 5 seconds (sick sinus syndrome) and seizures. A DDD-pacer was implanted and no further seizures occurred. SA therapy with nasal continuous positive airway pressure was refused by the patient. Our findings suggests that screening for SA may offer the possibility to reveal causes of syncope and may introduce additional therapeutic options as arrhythmia and SA often occur together which in turn might be responsible for trauma due to syncope episodes. 

© The Author(s) 2015. Published by Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Arrhythmias and sleep apnea should be considered as relevant factors resulting in syncope and trauma in the elderly. This case report applies screening for sleep apnea to detect arrhythmia as a common cause of syncope. Screening for sleep apnea may offer the possibility of additional therapeutic options and diagnostic in trauma and syncope after performing standard diagnostics.
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INTRODUCTION
Sleep apnea (SA) has been shown to be an independent risk factor for cardiovascular diseases[1-4]. Obstructive sleep apnea (OSA) is the most prevalent type of SDB. It is defined as repetitive episodes of partial or complete cessation of airflow in the upper airways during sleep. The number of people in the United States estimated to be affected by OSA is 3%-7%[5,6] and, according to US National Commission of Sleep Disorders Research, OSA contributes to 38000 cardiovascular deaths annually[7]. In Europe, a Spanish study reported that 7% of women and 15% of men aged 30-70 years had OSA, defined as an apnea-hypopnoea index (AHI) of ≥ 15/h[8].
Patients with OSA typically present with symptoms such as disruptive snoring, witnessed apneas or gasping, excessive daytime sleepiness, morning headache, sleep disturbance and cognitive dysfunction[9,10]. OSA is associated with higher prevalence of diabetes and hypertension[11,12], coronary artery disease and myocardial infarction[13], heart failure[14] and arrhythmias such as bradycardia or atrial fibrillation or flutter (AF)[15]. Traumatic brain injury (TBI) is often associated with SDB and sleep disturbances[16,17]. Although the incidence of arrhythmia in the presence of sleep apnea (SA) is high[15,18,19], the influence of SA on traumatic loss of consciousness (syncope) and TBI ha rarely been evaluated[20-22]. 
Syncope is the most common cause of TBI in the elderly and it often has an underlying cardiovascular aetiology (e.g., bradycardia, tachycardia, myocardial infarction or valvular disease)[23]. The incidence of syncope is 5-11 events per 1000 person years[23]. Different forms of disease sometimes make the diagnosis difficult and different approaches may be needed. Screening for sleep apnea is not standard practice in the evaluation of syncope[20].
This case report describes a male patient with frequent syncope and seizures with SA related arrhythmia.

CASE REPORT
An 82-year-old male (BMI 26) was transferred to our rehabilitation facility after experiencing syncope 3 wk previously. He reported a history of seizures mostly in the morning hours at rest and on the day of the most recent syncope episode he fell down without warning soon after breakfast and was transferred to an emergency unit with a frontal head laceration. The patient also had a history of hypertension, dyslipidaemia, coronary artery disease (CAD) without infarction, bypass surgery (14 years ago) and paroxysmal AF. The patient was taking warfarin, ACE inhibitors, ß-blockers, statins and diuretics. In the emergency department, the patient was awake without neurologic impairment. Paroxysmal AF was documented on ECG, without evidence of ischemia or myocardial infarction, and troponin testing was negative. Pulmonary embolism was ruled out. A computed tomographic (CT) scan revealed frontal cerebral haemorrhage, which was treated conservatively and warfarin therapy was stopped. Magnetic resonance (MR) imaging one week later showed that the haemorrhage was resolving.
Some further cardiac evaluation of syncope showed no abnormalities. 24-hblood pressure monitoring was normal. Holter 24-h monitoring revealed sinus rhythm without bradycardia, or tachycardia, or paroxysmal AF. Two-dimensional echocardiography showed normal left ventricular function without valve disease, but no carotid sinus massage, tilting test or electrophysiological studies were performed.
At the rehabilitation facility, the patient was assessed as being well without neurologic disorders. The patient reported snoring and hypersomnia (Epworth Sleepiness Scale score of 9 points, with normal being < 5) and complained of intermediate seizures without falling. Sinus rhythm was present on 12-lead ECG.
The patient was screened for SA using 2-channel polygraphy (Figure 1), which showed intermittent nocturnal oxygen desaturations and recurrent apneas with an AHI of 35/h. Heart rate data from polygraphy revealed an increase in the morning hours (Figure 1) with arrhythmic pulse curve based on onset of paroxysmal AF during sleep apnea. A second period of 24-h Holter monitoring was performed the following day to evaluate the incidence of paroxysmal AF. Nocturnal paroxysmal AF was seen with onset in the early morning hours, which spontaneously converted to sinus rhythm mid-morning with an arrest of 5 s (sick sinus syndrome) and the patient reported a seizure at the time of the arrest (Figures 2 and 3). The patient was transferred to the cardiac department for pacer implantation (DDD) and then transferred back to the rehabilitation facility for further rehabilitation. Seizures fully resolved after pacemaker implantation and an increase in ß-blocker therapy eliminated paroxysmal AF. A further performed polysomnography for SA diagnostics conformed severe OSA (Results in Table 1). 
Treatment of sleep with nasal continuous positive airway pressure (nCPAP) therapy was discussed with the patient but he refused this treatment.

DISCUSSION
In this case report, sleep apnea screening revealed the nocturnal onset of arrhythmia and facilitated further evaluation of syncope. The temporal relationship between the documented pause in the ECG and seizures in our patient means that this was highly likely to be the underlying cause of the repeated seizures and falls, and ultimately the traumatic injury he sustained. A limitation in this case report is the lack of standard diagnostic for syncope e.g., carotid sinus massage, tilting test or electrophysiological studies before the rehabilitation setting.
The indication for pacing in our patient was based on syncope with trauma and documentation of sick sinus syndrome in the morning hours after onset of paroxysmal AF. After pacemaker implantation the patient had no further seizures, providing further evidence that sick sinus syndrome was the cause of syncope. 
AF and nocturnal bradycardia are often triggered by sleep apnea[24]. This is based on nocturnal hypoxemia and its effects on the cardiac autonomic nerve system[25,26]. Accordingly, our patient was offered, but refused, nCPAP therapy. However, there is evidence to show that CPAP not only effectively treats SA but also reduces nocturnal arrhythmias[27,28]. Although nCPAP therapy can reduce arrhythmia burden and possibly reduce the incidence of paroxysmal AF[24], it is not clear whether nCPAP therapy can prevent all arrhythmias and arrests, justifying the use of a pacemaker in this case. In addition, compliance with nCPAP is necessary for the benefits of therapy to be realised, which is another justification for pacemaker implantation. However, it has been shown that patients with a pacemaker and ongoing syncope have a high incidence of SA[19], indicating that screening for SA in patients with pacemaker implement and syncope would be appropriate. 
SDB is common in TBI and develops in 12%-36 % of patients[16,17,29]. For example, Verma et al[29] found that 50% of patients with TBI reported daytime hypersomnia and 30% were diagnosed with OSA. TBI can result in sleep/wake disturbances, sleep fragmentation, and insomnia or hypersomnia. However, the mechanism of sleep disorders in the setting of TBI is not clear. On one hand the mechanism of injury could trigger sleep disorders such as posttraumatic insomnia or hypersomnia with sleep fragmentation[30,31]. On the other hand, the underlying cause of the accident resulting in TBI may be hypersomnia as a result of nocturnal OSA or, as in this case, nocturnal arrhythmia with syncope and following TBI. Further studies are needed to evaluate the incidence of sleep-related arrhythmias and traumatic injury with the goal of determining whether screening for SA is appropriate in this setting. 
Arrhythmias and SA should be considered relevant factors resulting in syncope and trauma. Screening for SA may offer the possibility of additional therapeutic options and diagnostic in trauma and syncope.

COMMENTS
Case characteristics
An 83-year-old male with traumatic brain injury after syncope of unknown origin in the morning and seizures. 

Clinical diagnosis
2-channel polygraphy showed intermittent nocturnal oxygen desaturations and recurrent apneas with an apnoea-hypopnoea index of 35/h. Heart rate data from polygraphy revealed an increase in the morning hours with arrhythmic pulse curve based on onset of AF during sleep apnea. 

Imaging diagnosis
Nocturnal paroxysmal AF was seen with onset in the early morning hours, which spontaneously converted to sinus rhythm mid-morning with an arrest of 5 s (sick sinus syndrome) and the patient reported a seizure at the time of the arrest.

Pathological diagnosis
Diagnostic of severe obstructive sleep apnea, AHI 33/h.

Treatment
Pacer implantation (DDD). Treatment of sleep with nasal continuous positive airway pressure therapy was discussed but refused.

Related reports
Syncope is the most common cause of traumatic brain injury in the elderly and it often has an underlying cardiovascular aetiology. Arrhythmias and sleep apnea (SA) should be considered relevant factors resulting in syncope and trauma as SA is one trigger of sudden onset of arrhythmia.

Experience and lessons
Further studies are needed to evaluate the incidence of sleep-related arrhythmias and traumatic injury with the goal of determining whether screening for SA is appropriate in this setting.

Peer review
This manuscript reports a typical case of sick sinus syndrome in an 83-year-old male, with paroxysmal atrial fibrillation and sinus arrest, presenting clinically with syncope.
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Figure 1 Overnight polygraph recording showing recurrent desaturations at night (above), increased heart rate in the morning hours (down) and arrhythmia onset due to changes in heart rate (see marker box).
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Figure 2 Twenty-hour Holter monitor recording showing atrial fibrillation in the morning with arrest of 5 s (marker) followed by sinus rhythm.
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Figure 3 Twenty-hour Holter monitor recording showing atrial fibrillation in the morning with arrest of 5 s (marker) followed by sinus rhythm (enlargement of Figure 2).


Table 1 Polysomnographic data revealing obstructive sleep apnea 
	Polysomnographic parameter
	Value

	AHI (h)
	33

	Obstructive apnoea index (h)
	31.4

	Central apnoea index (h)
	0.0

	Mixed apnoea index (h)
	0.0

	Hypopnoea index (h)
	1.6

	Snoring, min
	9

	Mean oxygen saturation (%)
	91

	Minimum oxygen saturation (%)
	85

	Oxygen desaturation index (h)
	18


AHI: Apnoea-hypopnoea index.
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