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  There is a rich history of basic, translational and clinical investigations of neonatal seizures marked by important milestones which are the basis of our current understanding of these clinical and electrographic events. This discussion will consider some of the developments in semiology (classification and characterization), etiology, prognosis and pathophysiology and how they have informed our current strategies in the diagnosis and management of neonatal seizures.


  Characterization and classification


  Beginning in the 1950s there have been systematic efforts to characterize and classify clinical neonatal seizures; first recognizing and then underscoring their unique nature when compared to older children and adults. The periods of investigations have been determined both by the clinically applicable technology current to respective periods of study and data concerning the immature brain which developed concurrently with the clinical investigations themselves (Kellaway and Mizrahi, 1987).


  ■ Motor and behavioral characterization


  An initial period of investigation focused upon the motor and behavioral changes considered to be neonatal seizures. The applied techniques varied: clinical observation only (Burke, 1954; Craig, 1960; Keen, 1969; McInerny and Schubert, 1969); clinical observation during recordings the neonatal electroencephalogram (EEG) (Cadilhac et al., 1959; Harris and Tizard, 1960; Passouant and Cadilhac, 1962); and the first investigations in neonates which utilized combined EEG and cinematography (Dreyfus-Brisac and Monod, 1964). Early investigators characterized all neonatal seizures as “convulsions” or “muscular twitching” (Burke, 1954). However, there was quick recognition that these clinical events were more diverse with the identification of generalized tonic seizures and focal and multifocal clonic seizures. In addition, generalized tonic-clonic seizures were considered rare or non-existent in the neonate (Minkowski et al., 1955; Ribstein and Wather, 1958; Cadilhac et al., 1959; Dreyfus-Brisac and Monod, 1964). Early investigators also appreciated that bilateral clonic seizures of the extremities would occur simultaneously, but asynchronously on the two sides (Craig, 1960; Harris and Tizard, 1960; Passouant and Cadilhac, 1962; Dreyfus-Brisac and Monod, 1964). It was also recognized that clonic seizures could migrate both in a Jacksonian and non-Jacksonian manner (Harris and Tizard, 1960). Thus, this early period of the clinical characterization of neonatal seizures resulted in the recognition of some events which are part of current classification schemes: focal clonic, multifocal clonic and generalized tonic seizures.


  This period also resulted in descriptions of more unique clinical events: apnea with cyanosis or hypotonia (Cadilhac et al., 1959); staring, pallor, hypotonia, and alternating “warding off” movements of the arms (Harris and Tizard, 1960); upward eye deviation, cyanotic apnea, slight finger contractions, sudden awakening with crying (Passouant and Cadilhac, 1962); eye opening, paroxysmal blinking, nystagmus, vasomotor changes, chewing, limb movements “resembling swimming, rowing, and pedaling” (Minkowski and Sainte-Anne-Dargassies, 1956; Dreyfus-Brisac and Monod, 1964); and abrupt changes in respiration and skin color, salivation, and alerting behavior (Schulte, 1966).


  Dreyfus-Brisac and Monod (1964) summarized a10-year period of investigations (Sainte-Anne-Dargassies et al., 1953; Minkowski et al., 1955; Dreyfus-Brisac and Monod, 1960) and emphasized the polymorphic, atypical and anarchic character of neonatal seizures compared to adults and underscored the value of combined cinematography and EEG in the analysis of clinical and EEG manfestations of neonatal seizures. Thus, during this period of investigations, the major types of clinical neonatal seizure had been identified, although there was additional work to be done to refine the classification and classification of these events.


  ■ Consolidation and confirmation of findings


  This period was marked by the consolidation, confirmation and refinement of the findings mainly generated by the French investigators. Rose and Lombroso (1970) confirmed the findings of the variation seizure types described by the French group and included a group of behaviors “difficult to classify because of the peripheral phenomena were very slight” such as: changes in respiration, slight posturing of limbs, tonic eye deviation, chewing, sucking and drooling. Lombroso (1974) eventually referred to this group of events as a “minimal seizure pattern”. Rose and Lombroso (1970) also recognized myoclonus as a neonatal seizure type. Freeman (1970) suggested that “the occurrence of any type of bizarre or unusual transient event” should raise the suspicion of the presence of a clinical neonatal seizure.


  A seminal development in the recognition of neonatal seizures as a group of clinical events distinct from older children and adults was the 1973 publication of Volpe's discussion of neonatal seizures (Volpe, 1973). He proposed a classification system for neonatal seizures that included multifocal clonic, focal clonic, tonic and myoclonic clinical events. He also proposed that the “atypical and anarchic” seizures described primarily by the French investigators in the 1950's and 1960's and the “minimal” or “slight” seizures described by Rose and Lombroso (1970) should be classified as “subtle”. Although initially behaviors such as swimming, pedaling or rowing movements were not included in Volpe's subtle seizure category, by 1977 they also became incorporated into the classification (Volpe, 1977). Volpe's subsequent work further refined his classification scheme (Volpe, 1981; 1989).


  ■ Electroclinical correlations


  Another pivotal development in characterization of neonatal seizures was the work of Watanabe and colleagues (Watanabe et al., 1977) based upon the recording of neonates with seizures during EEG and polygraphic recordings and the characterization of paroxysmal behaviors which were accompanied by electrographic seizure activity. Polygraphic parameters were recorded simultaneously with EEG and clinical observation to characterize changes in respirations and heart rate. Multifocal clonic or hemiconvulsive clonic, tonic, myoclonic and four additional groups of clinical events were recorded. These four groups were: body/limb movements (swimming, rowing, pedaling, fencing); oral movements (chewing, sucking, mouthing); respiratory changes (apnea, dyspnea); and ocular changes (staring, eye opening, eye deviation, nystagmus, blinking). Thus, by this stage of clinical investigations, the full range of motor events was characterized and changes in respiration became an important focus of attention.


  In the years that followed, closer attention was paid to clinical changes mediated by the autonomic nervous system. Lou and Friss-Hansen (1979) recognized increased mean arterial blood pressure during generalized and focal motor neonatal seizures. Fenichel et al. (1979) and Watanabe et al. (1982) identified changes in heart rate and respiration during apnea associated with motor seizures. Goldberg et al. (1982) studied pharmacologically paralyzed infants with EEG and noted tachycardia, systemic hypertension, and increased pO


  2 during electrographic seizure activity. Perlman and Volpe (1983) demonstrated elevated cerebral blood flow velocity, systemic blood pressure, heart rate, and intracranial pressure during clinical seizures. Kellaway and Hrachovy (1983) noted that similar motor events may be accompanied both with and without autonomic changes, suggesting a more complex relationship between electrographic seizures and these clinical events.


  ■ EEG-video monitoring investigations


  In the 1960s and 1970s the simultaneous recording of EEG and video was progressively applied to the characterization of various seizure types in older children and adults (Penry and Dreifuss, 1969; Penry et al., 1975; Escueta et al., 1977; Delgado-Escueta, 1979) and infantile spasms (Frost et al., 1978; Kellaway et al., 1979). In 1987, Mizrahi and Kellaway (Mizrahi and Kellaway, 1987) reported the utilization of bedside EEG-polygraphic-video monitoring of neonates experiencing seizures. This study verified the characterizations and classifications of others. They also identified clinical events which were clearly of epileptic origin and others, previously considered to be epileptic, which were of non-epileptic origin; considered the manifestation of exaggerated reflex behaviors. This latter group consisted of generalized tonic events, oral-bucal-lingual movements, some ocular signs, and movements of progression such as swimming, rowing and stepping. In addition, autonomic changes appeared to occur most often in association with motor manifestations of seizures. Subsequent applications of EEG-video monitoring in neonates have provided greater refinement of classification, formed the basis for the recognition of greater diversity of clinical manifestations of clinical events and emphasized the need for clinical training as interobserver reliability can be limited without experienced observers (Malone et al., 2009). This recording technique also allowed for the characterization of the sequence of an electroclinical seizure to treatment with antiepileptic drugs (AEDs) with initial control of the clinical seizure but persistence of the electrographic event ­ so-called “uncoupling” (Mizrahi and Kellaway, 1987).


  ILAE classification and neonatal seizure


  In the 1960s Gastaut introduced classification in the epilepsies applicable to children and adults and has since provided a framework for clinical practice (Gastaut, 1969). Historically, epilepsy classification has been largely based on clinical experience, developed by a group of eminent epileptologists with a lifetime of studying seizure disorders. Despite the fact that some of the members of the commission over the years were interested in seizures and epilepsy in infancy notably ­ Henri Gastaut, Warren Blume, Jean Aicardi and Perrine Plouin ­ neonatal seizures were not incorporated into proposals until very recently. For example, in the 1981 seizure classification, they were merely mentioned under “unclassified epileptic seizure” (Commission on Classification and Terminology of the International League Against Epilepsy, 1981). The 1989 classification of syndromes (Commission on Classification and Terminology of the International League Against Epilepsy, 1989) recognised four epilepsy syndromes plus an entity of “neonatal seizures with both generalized and focal seizures”. In an attempt to classify 94 patients with neonatal seizures into the 1989 classification, Mastrangelo et al. (2005) found that > 90% of events were unclassifiable. In his special report in 2006, Engel stated that “neonatal seizures: although the components of neonatal seizures can be described in terms of the seizure types itemized above, they often display unique organizational features. Therefore, a study group will be created to more completely define and characterize the various types of neonatal seizures” (Engel, 2006). Recently the International League Against Epilepsy proposed a revised terminology for the organization of seizures and epilepsies (Berg et al., 2010) with the aim to reflect major scientific advances leading to a better understanding of epilepsy. One of the major changes are that “neonatal seizures are no longer regarded as a separate entity. Seizures in neonates can be classified within the proposed scheme”. However, in the proposed scheme, the only categories of seizures which could be applicable for neonates would be “focal seizures”, “unknown, subcategory, epileptic spasms” and, less frequently, “myoclonic” in the generalized category. Furthermore, electrographic seizures which may constitute up to 75% of the seizure burden in term and preterm infants would not be classifiable (Menzies et al., 2012). Based upon the data reviewed above, this proposed scheme would not be appropriate for seizures occurring in the neonatal period. This shortcoming of the 2010 proposal has been acknowledged by the ILAE and a new task force has been instituted with the aim to develop a consensus on how best to define, characterize, classify and organize neonatal seizures. A comparison of various classification schemes is presented in Table I.
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  Electroencephalography


  The recognition of electrographic seizure discharges in neonatal EEG recordings paralleled that of the development of neonatal EEG in general. This development was pioneered predominantly by French investigators (Dreyfus-Brisac et al., 1958) as well as others who further identified neonatal EEG features (Ellingson, 1958; Kellaway, 1952; Gibbs and Gibbs, 1952). As interest in the practice of neonatal EEG increased, a period of dissemination and education ensued (Tharp, 1990; Lombroso, 1979, 1985; Kellaway, 1982; Clancy et al., 1993). Electrographic events were considered focal, multifocal and migratory. Morphology, amplitude, duration and evolution could vary (Figure 1). Some electrographic seizure types were considered unique to the neonatal period. Alpha seizure discharges were characterized as sustained, focal, sinusoidal discharges which were typically not associated with clinical seizures (Knauss and Carlson, 1978; Willis and Gould, 1980; Watanabe et al., 1980) (Figure 2). Seizure discharges of the depressed brain were characterized as focal, sustained, low voltage, monomorphic seizures which are not accompanied by clinical changes and associated with background EEG which is depressed and undifferentiated (Kellaway and Hrachovy, 1981) (Figure 3).
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  An important milestone in the application of EEG to the care of neonates with seizures was the development of cerebral function monitor (CFM) or amplitude integrated electroencephalography (aEEG) in the early 1970s (Prior et al., 1971). Over the past several years investigators have applied this technique to assess EEG background activity, to detect electrographic seizures, and to provide sustained seizure surveillance over long periods of time (Hellström-Westas, 1995; Toet et al., 2002; Mathur et al., 2008; Hellström-Westas et al., 2003). Despite some limitations related to some types and location of electrographic seizures (Rennie et al., 2004; Shellhaus et al., 2007; Clancy et al., 2011), aEEG has become an important tool in the management of neonates with seizures. However, the risk for false positive and false negative detection rate is too high for efficacy evaluation in clinical trials (Rennie et al., 2003; Glass et al., 2012).


  Etiology


  The earliest studies of etiology of neonatal seizures were based upon autopsy-derived data (Burke, 1954; Craig, 1960). Later studies were characterized by the increasingly sophisticated diagnostic methodology available such as lumbar puncture, biochemical assays, assays for microbiology and virology and various techniques of neuroimaging. However, in most reported series etiologies most closely associated with what is now characterized as neonatal encephalopathy have comprised almost half of the presumed causes (Burke, 1954; Craig, 1960; Harris and Tizzard, 1960; Watanabe et al., 1981; Bergman et al., 1983; Mizrahi and Kellaway, 1987; Tegkul et al., 2006). Mizrahi and Kellaway (1998) have noted the changes in relative etiologies of neonatal seizures according to the prevailing technologies and understanding of operative potential pathologies.


  The recognition of the genetic basis of benign familial neonatal seizures represented an important finding in the care of newborns with seizures (Quattlebaum, 1979). The initial studies identified a genetic pedigree. Subsequent studies identified the syndrome linked to chromosome 20 (Leppert et al., 1989) and eventually the first novel potassium channel gene KCNQ2 was implicated in this inherited disorder (Singh et al., 1998). These findings have led both to improved diagnosis and the development of novel therapies such as so-called KCNQ channel openers (Raol et al., 2009).


  Prognosis


  There have been a number of studies which have reported the outcome of neonatal seizures (Table II) noting significant mortality and, in survivors, neurological impairment, motor and development delay. From the earliest reports of the various outcomes of neonatal seizures discussions have focused which factor could be identified as the major determinant of prognosis: the underlying etiology and associated degree and distribution of brain injury, adverse effects of the seizures themselves, or the direct or indirect impact of AED therapy. Recent animal data suggests that animals with electrographic seizures in the neonatal period will experience impairment in learning and behavior later in life (Holmes et al., 2009). Clinical data, however, provides conflicting data with one series suggesting impairment later in life (Glass et al., 2009) but others suggest none (Kwon et al., 2011). The potential adverse impact of AEDs on the developing brain has also been a focus of discussion, with reports of abnormal growth and development based upon specific agents. While these influences have not been discounted, their relative importance may be considered less than the overriding factor of etiology and associated degree and distribution of brain injury. Etiology has historically been considered the determinant of outcome (Cadilhac et al., 1959; Schulte, 1966; McInerny and Schubert, 1969; Brown, 1973; Volpe, 1973; Lombroso, 1975) and more recent analyses support this point of view (Lombroso, 2007).


  There has also been a greater appreciation for various risk factors which may contribute to the outcome. Notably, population studies have indicated that lower birthweight and gestation age may have adverse impacts on overall outcome (Ronen et al., 1999).


  Another important milestone in the discussion of prognosis of neonatal seizures has been the recognition of the increased occurrence of post-neonatal epilepsy (Ellenberg et al., 1984). Since, there have been reports of both increased incidence of seizures following the neonatal period as well as an earlier onset compared to those without neonatal seizures. Varying series report approximately 25% of survivors have seizures after the neonatal period (Mizrahi et al., 2001).


  Traditionally, outcome has been reported in terms of survival, neurological impairment, intellectual impairment, and impairment in motor skills. However, more recently, there has been an emphasis on the relationship of these outcomes which may co-exist in the same subject following neonatal seizures. While there may be distinct domains of outcome, such as developmental delay, cerebral palsy and epilepsy, they may also overlap (Garfinklle and Shevell, 2011). These findings suggest that both the understanding and reporting of prognosis may be more complex than originally described.
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  Pathophysiology


  There is a rich scientific literature which has described epileptogenesis in the immature brain delineating enhanced excitation, an imbalance of inhibition and excitation, amplification mechanisms of seizure discharges and the role of continuing development in seizure generation. An important milestone in the understanding of epileptogenesis in the immature has been the understanding of the maturational changes in the developing brain of glutamate and GABA receptor function. It has been reported that GABA is relatively excitatory early in brain followed by eventual development of its more mature inhibitory features (Ben-Ari, 2007; Rakhade and Jensen, 2009). While some suggest this may be too simplified an observation with different evolution of transmitter function in various brain regions (Galanopoulou et al., 2011) the concept of early excitatory function of transmitters traditionally considered inhibitory has formed the basis for further understanding of enhanced risk for seizures in the neonatal period and limited efficacy of some AEDs in their treatment (Pressler and Mangum, 2013; Löscher et al., 2013).


  Appropriately there has been much attention paid to the epileptic pathophysiology of neonatal seizures. Kellaway and Hrachovy (1983) and Mizrahi and Kellaway (1987) described a non-epileptic mechanism for some clinical events such as generalized tonic seizures, oral-buccal-lingual movements, some ocular signs and movements of progress including pedaling, rowing and stepping. These events occurred in infants with diffuse cerebral disturbance, altered state of consciousness and EEGs with depressed and undifferentiated background. The events could be provoked by stimulation and suppressed by restraint of the infants. It was proposed that these clinical events had features of reflex behaviors described by early physiologists (Lindley et al., 1949; Sprague and Chamber, 1954; Kreindler et al., 1958). These group of events were referred to as “brainstem release phenomena” (Kellaway and Hrachovy, 1983; Mizrahi and Kellaway, 1987).


  ■ International collaboration


  The further understanding of neonatal seizures and the dissemination of information to advance the care of affected infants has been the focus of international collaboration for several years. Most recently Guidelines on Neonatal Seizures has been published through the joint efforts of the International League Against Epilepsy, the World Health Organization and the IRCCS Asscociazione Osasi Maria SS WHO Collaborating Center (WHO, 2011). This is an evidence-based document which provides diagnostic and management guidelines which can be used in health care settings ranging from limited to enriched.
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Figure 2. Alpha seizure discharge.
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Figure 3. Seizure discharges of the depressed brain.





OEBPS/Images/cover.jpg
Seizures and Syndromes
of onset in the Two First
: Years of Life

i« ; ‘m-:i
2] ~~—
\
) A
vAK Solomon L. Moshé
PR J. Helen Cross

Julitta de Bellescize
Linda de Vries
Douglas Nordli
Federico Vigevano

John Libbey

EUROTEXT





OEBPS/nav.xhtml


  

    Table of Contents



    

      		

        Couverture

      

        		

          Workshop participants

        



        		

          List of authors

        



      



      



      		

        SEIZURES AND SYNDROMES IN NEONATES

      

        		

          Foundations of neonatal epileptology: classification of seizures and epilepsies in the neonate and their etiology, electroencephalography, prognosis and pathophysiology

        



      



      



    



  



    Landmarks



    

      		

        Cover

      



    



  



OEBPS/Images/9.jpg
Table Il. Outcome of neonatal seizures. Neurological impairment, developmental delay and death

Study
Burke

Cadhilac etal.

Craig

Harris & Tizard
Prichard

Schulte

Massa & Niedermeyer
Melnerny & Schubert
Kuromori etal.

Dennis

Holden etal.
Lombroso

Clancy & Legido
Ortibus etal.

Byeetal.

Mizrahi etal.

Tekgul etal.

van der Heide et al.

Year

1954
1959
1960
1960
1964
1966
1968
1969
1976
1978
1982
1983
1991
1996
1997
2001
2006
2012

Pt Number
46
90
374
il

57

95
130

2717
7

81
32
207

Deaths (%)

388888

8

Abn (%)

17
20
3

27
36
45
28
25
24

Normal (%)
45
40

28888828

N 8& &

45
n





OEBPS/Images/7.jpg
—

T——e PTGV S,
P ISR A R PR SRR PO

N L AAIAL e AL
B A e

M o

~ N =

B e Tt S AL
PAVSAREATH T TR PSS VEV Sy IRV VANV INAN VR

may be varied in morphology. frequency, duration, and location. Clockwise begin-

eizul
ning at upper left: rhythmic discharge with initial blunted morphology which evolves to sharp waves confined to the

left central region; rhythmic sharp wave discharge arising from the midiine central region which migrates to the left
central region; multfocal sharp wave waves appearing independently and asynchronously on the two sides; high

amplitude slow rhythmic sharp and slow wave complexes over the right hemisphere with some reflection over the

left.
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Table I. Classifications of neonatal seizures

Reference Type Characterization Ictal EEG abnormalities
Volpe (1989) Subtle Ocular, oral-buccal-lingual, autonomic, apnoea, limb posturing and ~ Variable
movements
Clonic Repetitive jerking, distinct fromjittering. Unifocal or multifocal Common
Myoclonic Rapid isolated jerks Common if generalised,
Focal, multifocal or generalised uncommon if focal
Tonic Stiffening. Decerebrate posturing. Common if focal,
Focal or generalised uncommon if generalised
Mizrahi and Kellaway Focal clonic Rhythmic muscle contractions, unifocal or multifocal, synchronous Epileptic
(1987;1998) or asynchronous. Not suppressed by restrain.
Focal tonic Sustained posturing of limb, trunkor neck. Also tonic eye deviation.  Epileptic
Not provoked by external stimuli and not suppressed by restrain.
Myoclonic Random, single, rapid contractions of muscle groups. Usually not  May or may not be
repetitive. May be generalised, focal or fragmentary. May be epileptic
provoked by external stimuli.
Spasms Flexor or extensor. May occur in clusters. Not provoked by external  Epileptic

stimuli and not suppressed by restrain.
Generalised tonic Sustained symmetric posturing; flexor, extensor or mixed; may be Non-epileptic, no EEG

stimulus sensitive; may be suppressed by restrain. correlate
Motor automatism  Ocular, oral-buccal-lingual, Non-epileptic, no EEG
progression movements of limbs correlate
May be provoked or intensified by external stimuli and suppressed
by restrain.
Electrographic By definition none. Epileptic
Berg etal 2010* Generalised Tonic-clonic (in any combination)
Absence
Typical
Atypical

With special features
Myoclonic absences
Eyelid myoclonia

Myoclonic

Myoclonic atonic

Myoclonic tonic

Clonic
Tonic
Atonic
Focal
Unknown

Epileptic spasm
* Not specific for neonatal seizures. Only categories in bold-face are consistent with currently accepted characterizations of neonatal seizures.
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