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			abstract

			We have clinically examined 40 patients with ADHD ranging from 3 to 12 years-old, exhibiting attention, learning and memory deficit. During mother pregnancy we found urinary infections, edema of lower limbs, arterial hypertension, diabetes, eclampsia and placental pathology. The child social relationships and academic performance at the school and home was explored by means of dialogs with the mothers or relatives, teacher information and psych pedagogical study. A previous psychological study of patients was carried out at private and public psychological centers of Maracaibo City in Venezuela. The infant patients showed hyperactivity, impulsivity, inattention, learning and memory deficit, neurosensory sensory processing difficulties, such as hypoacusis and strabismus, inappropriate behavioral impairment, such as emotional instability, anxiety, sleep disorders and auto and heteroaggression. Hyperactivity included an excessive rate of speech and motor activity or motor restlessness and being easily distracted.

			Abbreviations: ADHD: Attention-Deficit Hyperactivity Disorder; SWS: Slow Wave Sleep; SDB: Sleep-Disordered Breathing; SDB: Sleep Disordered Breathing; PFC: Prefrontal Cortex; LC: Locus Coeruleus; EF: Executive Function; NMDARs: N-methyl-d-aspartate receptors NMDARs; BPD: Borderline Personality Disorder; NET: Norepinephrine Transporter; LD: Learning Disability; WM: Working Memory

		

		
			Introduction

			Children suffering from attention-deficit hyperactivity disorder (ADHD) often also display impaired learning and memory. Previous research has documented aberrant reward processing in ADHD as well as impaired sleep-dependent consolidation of declarative memory. Studies of ADHD children point toward an essential contribution of prefrontal cortex to the preferential consolidation of declarative memory during slow wave sleep(SWS) [1],  According to Prehn Kristensen et al. [2] functional magnetic resonance images show prefrontal hypoactivity.  They have formulated the hypothesis that children with ADHD benefit from sleep with respect to procedural memory more than healthy children. According to these Authors, children with ADHD showed an improvement in motor skills after sleep compared to the wake condition. 

			These data suggest that sleep in ADHD normalizes deficits in procedural memory observed during daytime, ADHD children 

could present sleep problems such as agitated sleep, sleep-onset difficulties, low arousal threshold during the night. Such sleep difficulties have been shown to occur more frequently in children with severe diurnal ADHD symptoms. Prevalence and physiopathology of sleep disorders including awakening mechanisms (micro-arousals, arousal threshold) from sleep yet need to be clarified in ADHD children. Excessive nocturnal motricity could be the expression of a monoaminergic dysfunction previously reported in ADHD and could lead to new therapeutic gateways as well as hypo vigilance Lecendreux et al. [3,4] examined the hypothesis that domains of neurobehavioral function would be selectively affected by sleep-disordered breathing (SDB). 

			The Authors assessed potential relationships between objectively measured sleep disturbances and neurobehavioral function in children with reported symptoms of attention-deficit/hyperactivity disorder (ADHD) and also determined the incidence of snoring and other sleep problems in 5- to 7-year-old children in the local community and potential relationships to parental snoring and passive smoking. According to Gottlieb et al. [5] sleep-disordered breathing (SDB), hyperactivity and inattention are common with aggressiveness and daytime sleepiness symptoms in 5-year-old children and are associated with an increased risk of daytime sleepiness and with problem behaviors suggestive of ADHD. Maternal prenatal anxiety is an important risk factor for altered child neurodevelopment but there is uncertainty concerning the biological mechanisms involved and sources of individual differences in children’s responses Kieran et al. [6,7]. In the present study we examined from the clinical point of view the learning and memory deficits in infant patients, 3 to 12 years-old, with hyperactivity and attention deficit (ADHD).

			Material and Methods 

			We have clinically examined 40 patients with ADHD, ranging from 3 to 12 years old, attending the Neuroscience Outpatient Clinic in the San Rafael Home Clinic of Maracaibo. Venezuela, exhibiting inattention, learning and memory deficits. The mother pregnancy was explored looking for urinary infections, edema of lower limbs, arterial hypertension, diabetes, eclampsia, placental pathology and conditions of fetal delivery. The affecting relationships and academic performance at the school and home was explored by means of dialogs with the mothers or relatives and psych pedagogic studies carried out at the school. A previous psychological study of patients was carried out at private and public psychological center of Maracaibo City in Venezuela.

			Results

			The infant patients showed hyperactivity exhibiting mainly attention, learning and memory deficits. Some patients exhibited sensory processing difficulties, inappropriate behavioral impairment, such as emotional instability, anxiety, insomnia, impulsivity and auto aggression and heteroaggression. Hyperactivity included an excessive rate of speech and motor activity or motor restlessness and being easily distracted. The findings strongly suggest impaired sleep-dependent consolidation of declarative memory.

			Discussion 

			Attention-deficit/hyperactivity disorder (ADHD) is a neurobiological condition of childhood onset with the hallmarks of inattention, impulsivity, and hyperactivity. Inattention includes excessive daydreaming, disorganization and being easily distracted. Impulsivity manifests as taking an action before fully thinking of the consequences. Hyperactivity includes an excessive rate of speech and motor activity. Complications of ADHD include academic failure, low self-esteem, poor work performance, substance abuse, criminal justice issues and social problems Bokor et al. [8]. Learning and memory deficits observed in our patients are related with perinatal hypoxia and above described mother pathological conditions during pregnancy. A cascade of cellular events including reduction of intracellular calcium levels, reduction of brain derived neurotrophicfactor release, neuronal cell death, decreased glutamate presynaptic release and aberrant dendritic morphology occur at the brain parenchyma.  The above-mentioned events lead to decreased synaptogenesis and decreased neuronal network formation and function causing learning and memory deficit at organism level  O Donnell et al. [9] Some neurodevelopmental alterations, such as aberrant nerve and glial cell migration, formation of abnormal nerve cell circuits, synaptic plasticity and degeneration can take place in in pre- and postnatal conditions Castejón et al. [8,10]. 

			We observed patients with sleep disorders which suggest an alteration of memory consolidation process during sleep. Diekelmann et al. [11] hypothesize that access to sleep-dependent consolidation requires memories to be encoded under control of prefrontal-hippocampal circuitry, with the same circuitry controlling subsequent consolidation during sleep. Sleep supports the consolidation of declarative and procedural memory. While prefrontal cortex (PFC) activity supports the consolidation of declarative memory during sleep, opposite effects of PFC activity are reported with respect to the consolidation of procedural memory during sleep Wilhelm et al. [12]. Patients with attention-deficit/hyperactivity disorder (ADHD) are characterized by a prefrontal hypoactivity, which explain inattentive behavior and deficit of memory. Many ADHD patients have cognitive dysfunction and sleep problems, including longer sleep latency, lower sleep efficiency, and shorter total sleep time Lee et al. [13]. The vast majority of attention-deficit/hyperactivity disorder (ADHD) patients have other associated pathologies, with depressive symptoms as one of the most prevalent. Among the mediators that may participate in ADHD, melatonin is thought to regulate circadian rhythms, neurological function and stress response Cubero-Millán et al. [14]. In addition to, system-level, local and cross-regional interactions, a consolidation mechanism involves stabilization of memory representations at the synaptic level. Synaptic plasticity within experience-activated neuronal networks is facilitated by noradrenaline release from the axon terminals of the Locus Coeruleus (LC) Novitskaya et al. [15,16]. 

			consider that deficits in executive function (EF) underlie the core neuropsychological sequelae of attention-deficit/hyperactivity disorder (ADHD), particularly deficits in working memory and inhibitory control arising from dysfunction in the prefrontal cortex. Some infant patients exhibited neurobehavioral disorders such as emotional instability. According to Banich et al. [17] the neural mechanisms involved in cognitive control over memory processes that can influence, and in turn are influenced by emotional processes. With regard to working memory, these Authors discuss the neural bases of control mechanisms that can select against distracting emotional information, mechanisms that can regulate emotional reactions or responses, how mood state influences cognitive control and individual differences in control mechanisms. For long-term memory, they briefly review the neural substrates of emotional memory, the cognitive and neural mechanisms that are involved in controlling emotional memories and how these systems are altered. Recent pediatric studies have suggested a correlation between decreased amygdala volume and attention deficit and hyperactivity disorder (ADHD) symptoms, including the emotional dysregulation.

			The findings are consistent with the possibility that hyperglutamatergic processes in the amygdale are related to the hyperactive-impulsive symptoms of ADHD Wiguna et al. [18]. We have above reported impulsivity in most patients examined. Disorders such as borderline personality disorder (BPD) or attention-deficit/hyperactivity disorder (ADHD) are characterized by impulsive behaviors. Impulsivity as used in clinical terms is very broadly defined and entails different categories including personality traits as well as different cognitive functions such as emotion regulation or interference resolution and impulse control Sebastian et al. [19]. According to Sachana et al. [20] chronic binding of antagonist to N-methyl-d-aspartate receptors (NMDARs) during brain development induces impairment of learning and memory abilities of children. In our study, we have also found sensory processing impairments. According to Shimizu et al. [21]. children with ADHD may present sensory processing impairments, which may contribute to the inappropriate behavioral and learning responses displayed by children with ADHD. It also suggests the importance of understanding the sensory processing difficulties and its possible contribution to the ADHD symptomatology. Visual attention functions as a filter to select environmental information for learning and memory, making it the first step in the eventual cascade of thought and action systems. interactions between visual processing and visual attention, as well as the contribution of visual attention to memory Amso et al. [22].

			Deficits in executive function (EF), impaired school functioning and altered white matter integrity in fronto-striatal networks have been associated with attention-deficit/hyperactivity disorder (ADHD). An association between white matter integrity in the fronto-striatal networks and school functioning and suggest that EF deficits and ADHD symptoms may be the mediating mechanisms for this association. Future research is needed to test the directionality and specificity of this finding Gau et al. [23].  Attention-deficit/hyperactivity disorder (ADHD) research has long focused on the dopaminergic system’s contribution to pathogenesis, although the results have been inconclusive. However, a case has been made for the involvement of the noradrenergic system, which modulates cognitive processes, such as arousal, working memory, and response inhibition, all of which are typically affected in ADHD. Furthermore, the norepinephrine transporter (NET) is an important target for frequently prescribed medication in ADHD. 

			Therefore, the NET is suggested to play a critical role in ADHD Ota et al. [24]. Recent studies have shown that ADHD is characterized by multiple functional and structural neural network abnormalities including most prominently fronto-striatal, but also fronto-parieto-temporal, fronto-cerebellar and even fronto-limbic networks Castejon et al.  [25] Evidence from longitudinal structural imaging studies has shown that ADHD is characterized by a delay in structural brain maturation Rubia et al. [26]. The anomalies were found in tracts that connect components of neural systems pertinent to ADHD, such as attention control (inferior fronto-occipital fasciculus) and emotion regulation and the processing of reward (the uncinate fasciculus). Change in radial rather than axial diffusivity was the primary driver of this effect, suggesting pathophysiological processes including altered myelination as future targets for pharmacological and behavioral interventions Shaw et al. [27].

			According to Hong et al. [28] ADHD patients showed significantly reduced dorsal caudate functional connectivity with the superior and middle prefrontal cortices as well as reduced dorsal putamen connectivity with the parahippocampal cortex. Wu et al. [29] explored the memory characteristic in boys with attention-deficit/hyperactivity disorder (ADHD) plus learning disability (LD), and postulated that boys with ADHD comorbid LD show deficits in overall memory function and long-term memory while short-term memory is partially damaged. Impairment in immediate memory is not detected. It is important to consider that sleep problems in children with ADHD are commonly transient, but in a subgroup,  they are characterized as persistent. Therefore, early preventive/intervention strategies should target children at risk of persistent sleep problems Lycett et al. [30].  

			Brain areas generating emotions, such as the amygdala, and those allowing the association of multi-dimensional stimuli into an episodic memory, such as the hippocampus, are delineated. Patients with emotional and affective disorders show changes in memory performance in dependence of the positive or negative valence of the stimulus material. Furthermore, these patients often exhibit a reduced ability to access specific memories of life events with a striking lack of specific detail Dere et al. [31]. The extent to which deficits in working memory (WM) are characteristic of children with reading and mathematics difficulties was investigated in a large sample aged 5-15 years reported to have problems in attention, learning and memory. WM or the broader cognitive dimensions it taps impede school-based learning, and point to the importance of managing WM loads in the classroom Gathercole et al. [32].

			Conclusion

			The infant patients showed hyperactivity, impulsivity, aggression, inattention, learning and memory deficit, neurosensory sensory processing difficulties, such as hypoacusia and strabismus, inappropriate behavioral impairment, such as emotional instability, anxiety, insomnia, and aggression. This finding are related with maternal pathology and environmental conditions. The neural correlates of clinical findings are described. A correlation between deficit of learning and memory and child sleep disturbance is emphasized.
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