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ABSTRACT 

In a previous prospective study from our labora tory, 

the prognostie significanee of the audi tory brainstem evoked 

response (ABR) was assessed ln hlgh risk neonates. An 

abnormal ABR predicted neurologic sequelae a t l year: 

however there were faise negatives. In this study, 

somatosensory evoked responses (SER) were performed together 

wi th the ASR so that a wider distrlbution of the nervous 

system could be Evalua ted. Testing was carr ied out on 

heal thy and high ri sk neonates ln the newborn per lad and ln 

infaney. Infants were subsequently evaluated ln a blind 

fashion at l year of age by a pediatrie neurologist and 

psychologist. As part of thi s study, normatIve data and 

reliable testing procedures needed to be establ i shed. The 

effect of gestational age on evoked responses performed ln 

the newborn period was also det errnined 

The resui ts demons trated that the ABR and SER can be 

reliably reeorded in newborns. Latel1cy and morphologlcal 

changes on seriaI testlng ref lected ma turatlon of the 

nervous system. Chi square analys i s revealed tha t an 

abnormal SER or ABR predlcted neuromotor lmpalrment at l 

year of age. The type of SER abnormai i ty further dellnea ted 

the degree of disabili ty. A normal SE.R and ABR predl cted 

normal neurodevelopmentai outcome. In concluslon, mui ti-

modali ty evoked response testing Ylelded valuable prognostlc 

information for the newborn at high risk for neurologlc 

sequelae. 
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RESUME 

Dans tme étude prospectlve precédente, nous avons évalué 

la valeur pronostic des potentiels évoqués auditifs daIlS une 

population de nouveau-nés à haut risque. Advenant des potentiels 

évoqués audItIfs an 0 nnaux , des séquelles neurologIques étaient 

prévlslbles à lli1 an; toutefoIS, il y avait des faux négatifs. 

D<illS l'étude actuelle, les T,otent'icls évoqués somato-sensitifs 

ont été étudiés parallèlement aux potentiels evaqués auditIfs 

de façon à obtel1lr W1e évaluation plus globale du système nerveux. 

La populatlon étudiée comparaIt des mfants nonnaux de mème que 

des enfan ts à haut Tlsque de la période néo-natale à la petIte 

enfance. Les enfants étaient réevalués, a sllllplc insu à l'âge 

d'w1 an par un neurologue et un psychologue. Au cours de cette 

étude, des données nonnatives ainSI qUE' des méthodes d'évaluation 

hables devalent être établIes. L'effet de l'âge gestatlOnnel 

sur les potentlels é"oqués obtenus dans la période néo-natale 

a également été évalué. 

Les résultats de l'étude ont démontré que des potentlels 

évoqués auditIfs et somato-sensitifs peuvent être enregistrés 

de façon fiable che:. les nouveaU-HP:;. Les vanations au niveau 

de la latence alnsi que les changements morphologiques, sur des 

enreglstremellts sériés reflètent la maturatIon du système nerveux. 

L'analy:-.e du Clu carré révèle que des potentiels évoqués auditifs 

ct somato-sensltlfs anormaux permettent de prédire lli1e attell1te 

ncuromotnce à un an de vie. Le type d' élJ10mal 1e doctmlent~e au 

ni veau Jes potentiels évoqués sornatt:)-sensi tifs permet de preciser 

davru1tagc le tlegré d' lncapaClté. Des potentIels évoqués audItifs 

et somato-sen~i tl fs nonnaux, pcnnettent de predIre un dévelopment 

neurologique normal. 

En concluslOll, une étude multi-modale des potentiels évoqués 

a Wle valeur pronostic valable dans l' évaluatlOn des nouveau-nés 

à risque de séquelles neurologiques. 
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attention deficit disorder ADD 

auditory brainstern evoked 
respons~ ABR 

central nervous system CNS 

cerebral paIsy CP 
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computed tomography CT 

Einstein Neonatai 
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electroencephalography EEG 
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magnetic resonance irnaging MRI 
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National Collaborative 
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Capacity Score NACS 
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PREFACE 

Perinatal brain damage as a result of hypoxic-ischemic 

in jury is common in the neonatal intensive care unit (NICU) 

population. and therefore a matter of significance ln 

perlnatal care. Exposure to hypoxic-ischemic events in 

fetal or neonatal life may lead to permanent brain in jury 

and subsequent neurodevelopmental deficits. The damage to 

the brain may be focal. patchy or diffuse and appears to be 

dependent on the type and timing of the insult. 

Several clinical investigators have designed studies 

that attempt to predict which lCU gradua tes are most at risk 

for permanent brain damage. Sorne infants 

"recover" from an insul t to the brain whereas 

appear 

others 

to 

with 

similar injuries either die or suffer significant neurologie 

sequelae. At present, it is difficult to accurately predict 

outcome ln this population. Therefore clinicians must 

follow and observe children with a history of perinatal 

encephalopathy over the first years of life, to ensure that 

developmental deficits are identified early and various 

treatment modalities may be initiated before secondary 

compllcations are evident. 

Clinical and diagnostic tools have been somewhat 

helpful ln identifying an at risk grou9, particularly ln 

those that have sustained a significant neurologic insult. 

However a better neurologic profile incorporating several 

predictive factors is needed to reliably identify what 

constitutes "high risk". Predictive studies using 
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diagnostic tests have f ocused on cerebral imaging 

techniques that examine structural changes in the immature 

nervous system following perinatal in jury . Evoked potential 

studies are non-invasive electrophysiologic tests that 

measure the functional integri ty of ascending pathways of 

the nervous system. In a prospective study in our 

laboratory, the neonatal auditory bralnstem evoked response 

(ABR) was found to have a high specificity and posltive 

predictive powet' for neurologie status at 1 year of age. 

False negatives were a problem, as thE. ABR appeared to be 

sensitive to one pattern of anoxic-isehemie Injury involvlng 

brainstem structures as weil as other structures of the 

central nervous system (i. e. selective neuronal necrosis). 

However other patterns of in jury do occur, that may not 

significantly Involve the auditory relay nuclei. Therefore 

using multi-modality evoked responses, such as the 

somatosensory evoked response (SER) as well as the ABR, a 

larger area of the nervous system eould be functlonally 

evaluated, hopefully minimizing the false negatlve flndings. 

The prospective study reported in Chapters 1-4 examines 

the prognostic signifieance of multi-modallty evoked 

responses in hlgh rlsk newborns. Hlgh risk newborns as weIl 

as healthy full term neonates were evaluated in the newborn 

period and ln infancy (2 and 6 months of age) wi th the ABR 

and SER. The st..ldy group and the controis were 

subsequently evaluated in a blind fashion by a pedIatrle 

neurologist and clinical psychologist to determine outcome 

1 
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at 1 year corrected age. As part of this project, 

appropriate normative data needed to be established. The 

ef f ect of gesta tlonal age on evoked responses perf ormed l.n 

the newborn period (approximately 40 weeks conceptional age) 

was determined as weIl. 

The resul ts of this prospective study demonstrate that 

the ABR and SER can be reliably recorded in newborns. This 

study emphasizes the importance of using conceptional age 

as opposed to chronologicai age when interpreting evoked 

responses in young infants. Maturational changes on seriaI 

testing included a ciecrease ln central conduction time as 

weIl as waveform duration, and an increase lr. peak 

amplitudes. Chi square analysis revealed that an abnormai 

SER or ABR was strongly predictive of neuromotor impairment 

at l year of age. The type of SER abnormality further 

delineated the degree of subsequent disabili ty. A normal 

ABR and SER predi c-ced normal neurodevelopmel'ltal outcome wi th 

a strong negati ve predictl ve power. In conclusion, the 

findings of this study suggest that mui ti-modality evoked 

response testing in the newborn period and in infancy yields 

valuable prognostic information for the newborn at high risk 

for neurologie sequelae. 



INJURY TO THE IMMATURE NERVOUS SYSTEM 

Asphyxia neonatorum refers to an impairment in the 

exchange of respiratory gases during parturition. Hypoxic

ischemie damage to the maturing neural tissue occurs as a 

resült of the defieient supply of oxygen to the brain. The 

subsequent neurologie outeome may include death in utero or 

in infancy, major handicap such as cerebral paIsy, mental 

retardation, blindness, deafness, or e?ilepsy, or minor 

handicap such as developmental deficits, behavior dlsorders 

or learning disabili ties (Perklns, 1987; Volpe, 1987; 

Windle, 1968). Aspnyxia may result from hypoxia (diminished 

oxygen in the blood supply) and/or lschemia (dlmlnished 

blood perfusing the brain). A def iClent supply of oxygen 

affects brain energy metabolism as anaerobic resplratl0n lS 

highly inefficlent in meetlng the energy demands of the 

brain. Depletion of energy stores, accumulation of lactlc 

acid and disturbance of the blood brain barrier occur 

following persistent anaerobic metabolism (Raichle, 1983) . 

As a resu1t, structural in jury of the lmmature nervous 

system rapidly ensues (Hill & Volpe, 1981; Vo1pe, 1987). 

This relationship between early anoxic-ischemlc lnsu1t and 

subsequent cerebral damage has been weIl substantiated by 

both animal experimental data and human neuropatho1ogical 

studies (Myers, 1975; Vo1pe, 1987 ;Wlndle & Becker, 1943). 

Hypoxic-ischemic injury can occur 

perinatal, or early postnatal perlods. 

ln the prenatal, 

Brain development 
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rapidly begins after conception and at this time the 

organism 

fundamental 

life, most 

when 

fetal 

is mos~ vulnerable to major insults, 

structures are forming. Midway through 

neurons have been generated (Perkins, 1987). 

Concomitent with neuronal multiplication and cell migration 

and organization, there are blood flow changes and 

alterations ln vasculature. For example, there are 

alterations in regional dominance of blood supply. At 24-28 

weeks gestational age, the periventricular germinal matrix 

lS highly vascularized. But as the fetus approaches full 

term (40 weeks gestational age), the blood supply lS 

1itected primarily to the developing cortex and underlying 

white matter (Volpe, 1987). Therefore, with development of 

the central nervous system, the functional activity and 

energy metabolism shifts to meet the demands of the areas 

that are actively d1fferentiating. Myelination and glial 

differentiation characterize the late stages of fetal 

development and continue into postnatal life (Norman, 1975; 

Perkins, 1987). Therefore the timing of the hypoxic

ischemic insult to the developing nervous system lS 

critical, and will influence the extent and location of the 

damage to the brain. 

The etiology of 

multifactoria1 (Moore, 

perinatal 

1986). 

brain damage lS 

Hypoxia lS often 

unidentifiable prior to birth but may be related to maternaI 

factors such as hypotension or inhalation of p01sonous 

gases; or fetal factors such as umbilical cord prolapse, 

2 



placenta previa or an abruptio of the placenta. Prolonged, 

difficult deliveries may predispose to hypoxic events. 

Neonatal hypoxic insults may occur with respiratory distress 

syndrome, apnea, chronic pulmonary insufficiency and cardiac 

arrest. These early postnatal hypoxic episodes are 

particularly prevalent in premature infants of very low 

birthweight (Norman, 1975). Ischemia or hemorrhage may 

result from hypotensive or hypertensIve states or 

cardiorespiratory immaturity or insufficiency (Moore, 1986). 

For example, rupture of the delicate vessels of the 

periventrlcu1ar germinal matrix in premature infants results 

ln intraventricular hemorrhage and subsequently, the 

adjacent brain tissue is vulnerable to necrotic damage. 

Periventricular leucomalacla is a nonhemorrhagic, symmetrlc 

les ion that is also characteristically seen ln premature 

infants, and is apparently due to ischemic lnjury to the 

white matter (Volpe, 1989a). Mechanical in jury followlng 

traumatic delivery may result in a hematoma or tentorlal 

tears (Norman, 1975). Intrauterine growth retar~ation 

(IUGR), which may disturb normal brain development, occurs 

when the fetus is deprived of adequate nutrition. This may 

be due to uteroplacental insufflclency and/or the mother's 

dietary habits (Perkins, 1987). Exposure to infectious 

agents such as toxoplasmosis, rubel1a, herpes and 

cytomegalovirus, 

alcoho1, drugs, 

deleterious to 

as weIl as envlronmenta1 hazards such as 

radiation and chemicals, are potentially 

the normal formatIon of braln tissue. 

3 
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Finally, there lS cerbral dysgenesis, which rnay be 

inherited or occur by mutation(Perkins,1987; Volpe, 1987). 

It has become increasingly evident that each fetus 

tolerates teratogens or exposure to hypO~LC or ischernic 

events differently (Wigglesworth, 1984). It appears that 

sorne fetuses have an enhanced susceptiblity ta brain in jury 

whereas others are remarkably resilient. For exarnple, in a 

large prospective study involving approximately 

infants (the National Collaborative Perinatal 

NCPP) , the majority of survivors of severe 

40,000 

Project

neonatal 

depression (defined as an Apgar score < 4 at 5 minutes) were 

neurologically normal by 7 years of age (Nelson & EIlenberg, 

1981; perkins, 1987). Therefore, sorne infants may tolerate 

a brief, acute insult weIl, without neurologie sequelae. 

Those who suffer in jury may have a genetic predisposit1on 

or may have already been neurologically compromised 1n 

utero. Brain damage may occur without difficult labor or 

clinical evidence of perinatal asphyxia. conversely, severe 

difficultles during the delivery and severe postnatal 

hypoxia are usually not followed by brain damâge 

(Illingsworth, 1985; Perkins, 1987) . Freud in 1897 

proposed that "the anomaly of the birth process, rather than 

being the causal etiologic factor, may itself be the 
1 

consequence of the real prenatal etiology" . Current 

literature suggests that brain ln]Ury or maldevelopment 

prIor to birth is significantly underappreciated and the 

current epidernic of obstetrical malpractice suits clearly 

4 
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reflects this (Nelson & Ellenberg,1986; Perkins, 1987). 

PATTERNS OF PERINATAL BRAIN INJURY 

Disturbance of oxygen supply to the developing nervous 

system may cause destructive changes. There are a variety 

of pathogenic mechanisms described in both animal and human 

studies of perinatal brain in jury , however the specific 

pathogenesis for the individual fetus or infant is often 

unknown (Rorke, 1982; Wigglesworth, 1984). Oxygen deficits 

following hypoxic-ischemlc insult 1ead to anaerobic 

respiration. Consequently, energy stores are depleted 

quickly, lactic acid accumulates and there lS structural 

damag~ to brain tissue (Rorke, 1982). Severe hypoxia may 

cause widespread necrosis (i.e. encephaloclastic lesions). 

Mi1d to moderate deficiencies in oxygen supply may result 

in focal, multifocal, or diffuse ln jury , wlth characteristic 

scarrlng or cystic changes (Towbin, 1971). Acute hypoxic 

lesions are proceeded by system circulatory failure such as 

venous congestion in organs, cyanosis, eardiac dilatation, 

peripheral edema and cardiac decompensation. As a result of 

local venous stasis and thrombosis, there may be further 

infarctional damage to organs with high b100d f10w volume 

such as the brain, kldneys and adrenal glands. In summary, 

circulatory insufficieney often ensues secondary to the 

hypoxie event and may further aggravate the existing leslon 

to the brain (Perkins, 1987). 

There are several patterns of anoxie-ischémic in jury to 

5 



1. the nervous system that may result in specifie 

histopathological changes and concommitant neurological 

manifestations. Many experimental models of perinatal brain 

damage ln animaIs have been proposed to further our 

understanding of the role of asphyxia ~n the etiology of 

neurodevelopmental defects in humans. 

In early experiments by Windle & Becker in 1943, the 

uterine vessels or umbilical cords of fetal guinea pigs were 

occluded with a clamp for varying lengths of time. Fifty-

eight animaIs were delivered once intrauterine respiratory 

movements became weak whereas another 45 animaIs ceased aIl 

respiratory efforts prior to being delivered. Ninety litter 

mates served as controls to the 103 experimental anox~c 

animaIs. Induced anox~a prenatally was followed by 

"asphyxia pallida" , characterized by apnea, bradycardia, 

atonia, dilation of the capillary beds and pale cold skin. 

The degree of anoxia did not correlate with the severity of 

brain damage. Sixty-five percent of the experimental 

animaIs showed diffuse histopathologic changes such as 

edema, chromatolysis, necrosis, and enlarged ventricles. 

Glial proliferation was most apparent by the second week of 

life (Windle & Becker, 1943). 

Neuropathology of asphyxia neonatorum ~n a primate was 

first described by Ranck & Windle in 1959. Asphyxiation of 

monkeys near term (Macaca mulatta) was achieved by 

detachment of the placenta with fetal membranes intact, and 

subsequent delivery 11-16 minutes later with resuscitation. 

6 



Pathologie examination revealed marked destruction of the 

inferior colliculi. Other areas of ln jury included the 

gracile and medial cuneate nuclei, the roof of the 

cerebellum, the putamen, globus pallidus, ventral posterior 

reglon of the thalamus, prIncipal oculomotor nucleus, 

superlor and medial vestibular nuclei, superior olives, as 

weIl as principal sens ory and spinal trigemlnal tract 

nuclei. Lesions were generally bilaterally symmetrical and 

appeared on the second as weIl as the 9th day of life 

Manifestations of the ln jury included cytolysis of neurons 

as well as the neuroglia. In summary, thalamic and brain 

stem nuclei were more severely affected than cortical 

structures after perinatal anoxic insult. 

ln older monkeys were characterized by 

Chronic lesions 

astrocytic and 

microglial changes, wlth white matter as weIl as the gray 

matter damage seen acutely (Ranck & Windle, 1959). 

Hall examined the sensitiv~ty of the auditory system to 

hypoxia by examining the brains of 60 fatally asphyxlated 

newborns, and 30 hypoxic kittens. The asphyxiated infants 

displayed acute swelling and severe cell degeneratlon ln 

the brain stem, primarily in the cochlear nuclel, although 

the superlor olives and inferior colilcuil were damaged as 

weIl. The kittens showed no signs of in jury to the auditory 

pathway, and Hall concluded that klttens were hlghly 

resistent to low oxygen in the atmosphere. It lS more 

likely that the pattern of asphyxlatlon differed among the 

infants and the kittens, resultlng in dlfferent pathologlc 

7 
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in jury sites (Hall, 1964) . 

Myers describes four separa te patterns of asphyxia 

in the fetai or newborn monkey. 

I. Total asphyxia, which is characterized by a complete 

cessation of respiratory gas exchange, caused rapid 

alterations ln blood pressure and respiration, decreased pH 

and (hypoxia) and increased c~ (acidosis) , 

(hypercarbia). 

the onset of 

Monkeys resuscitated within 20 minutes of 

asphyxia were most likely to survive, 

however the first evidence of brain in jury appèared after 

12-13 minutes of total asphyxia. The most vulnerable 

structures were the inferior coiliculi however there was 

aiso damage to the superior olives, Purkinje cells, 

vestibular nucIel, posterior and lateral ventral nuclei of 

the thalamus, and the gracile and cuneate nuclei. cortical 

structures were not invoived with this pattern of asphyxia 

(Myers, 1975). 

II. prolonged partial asphyxia with diminished 

respiratory gas exchange caused a diminution of oxygen and 

concommitant increase in carbon dioxide with respiratory and 

metabolic acidosis. There was marked brain swelling with 

diffuse hemorrhagic necrosis of the entire cortex or the 

injury may have been restrlcted to the posterior parietal 

reglons. The damage may have affected one hemisphere more 

than the other. 

III. Oligoacidotic hypoxia or partial asphyxia without 

8 
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major alterations ln carbon dioxide or pH occurred when the 

respira tory gas exchange was altered gradually and over 

longer periods of time. This form of insul t led ta 

perivenular white matter hemorrhage with dlscrete foci of 

periventricular necrOS1S and scarring of the whIte matter ln 

the posterlor parietal reglons. 

IV. AnimaIs suffering from partIal plus total 

asphyxia at delivery showed major les ions to the caudate 

nuclei, the putamen and globus pallidus, and lesser in jury 

to the neocortex in the region of the lntraparietal sulcus, 

superlor angle of the lnsula and the Sylvian fissure. 

Therefore partial followed by total asphyxia 

significant in jury to the basal ganglia with 

caused 

less 

consplcuoUS les ions of the bralnstem (total asphYXIa) and 

the cortex (partial asphyxia) (Myers, 1975). 

In summary, experimental work of Ranck & Wlndle, Myers 

and others have demonstrated that speclflc structures of the 

brainstem, thalamus, and cortex are vulnerable to necrotlc 

in jury post asphyxia. Myers emphaslzes that the character 

of the insult determlnes the extent and location of 

subsequent ln]Ury ta the nervous system Ischemle and 

hypoxic cell changes occur ln regions of selective 

vulnerability. 

Windle (1968) described the progresslve deterioration 

of brain structures followlng perinatal brain in jury in 

primates. Three to nine years following the lnltlal insult, 

pathology revealed wldespread depletlon of neurons ln 
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regions unaffected initially. Depletion of nerve cells were 

observed in the third and fourth layers of the postcentral 

gyrl, as weIL as subcortical structures such as the 

thalamus, basal ganglia~ retlcular formation and dorsal 

column. Clinically, there was both physical a~d behavioral 

improvement ln spite of the lack of structural repalr ln 

braln tissue. 

The neuropathologic entities or models of anoxic-

ischemic encephalopathy in humans that are summarized in the 

literature Include: 1) selective neuronal necrosis 2)status 

marmoratus cerebral 

4)periventrlcular 

3)parasagittal 

leukomalacia 5)focal ischemic 

jnjury 

brain 

in jury (Vo1pe, 1987). Selective neuronal necrosis, 

WhlCh is the most common pattern of in jury seen in neonates, 

involves widespread necrOS1S of neurons (Griffiths & 

Laurence, 1974: Hill & Vo1pe, 1981). Following hypoxic 

Insu1t, swelllng and disorganlzation of the neuronal 

mitochondria (Norman, 1975) with little a1teration to non

neuronal ce1ls have been reported (Kim, 1975). Patchy cell 

necrosis with intact myelln, hypertrophied astrocytes and 

gliosis occur several days later (Norman, 1972; Norman, 

1975). Major lesion sites include the hlppocampal neurons 

of the cerebral cortex as weIL as pre and postcentral 

cortices, and selective regions of the diencephalon, basal 

ganglia, cerebellum and brainstem (Brierley et al, 1973; 

Griffiths & Laurence, 1974; Norman, 1972; Norman, 1975: 

Volpe, 1981). To date, there are no satisfactory diagnostic 
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procedures that can assess the extent of neuronal necrOS1S 

in the neonatal period (Hill & Volpe, 1981). 

Status marmoratus involves necrosis, neuronal loss, 

hypermyelination and gliosis ln the basal ganglia and 

thalamus. It lS the least common of the neuropathologic 

models of hypoxic-ischemic encephalopathy, A combination of 

hypoxia and ischemia appears necessary to produce this 

lesion in animaIs (Volpe, 1987). 

systemic hypotension or global ischemia damages the 

vulnerable border zones of major cerebral arteries ln the 

parasagittal supramedial aspects of the cerebral 

convexities. Parasagittal cerebral 1nJury may 1nvolve 

infarction of the cerebrum and the underlying white matter 

along the vascular border zone. Neuronal necrosis of the 

parietal-occipital regions are typlcally more affected than 

anterior regions (Volpe, 1987). 

periventricular leucomalac~a (PVL) is characterized by 

necroSls 

adjacent 

of the periventricular white 

to the external angles of the 

matter 

lateral 

that lS 

ventrlcles 

and is associated with impaired vascular autoregulation and 

hypotension (i.e. ischemia). This pattern of ln]Ury 1S 

often documented in premature infants that survived at 

least the first week of life, and suffered cardiorespiratory 

insufficiency. Periventricular hemorrhage lS a common 

complication that accompanies PVL (Volpe, 1987). 

Focal or multifocal braln ln jury has multlple 

etiologies. Arterial or venous occlusion and cerebrovascular 

11 
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V. 

insufficiency 

porencephaly, 

are common causes and may 

hydranencephaly or 

resul t in 

multicystic 

encephalomalacia (Hill & Volpe, 1981; Volpe,1987). 

The localization of hypoxic damage 1S influenced by 

organogenesis defined as the structures undergoing active 

differentiation and organization (Towbin, 1971). Early in 

gestation, the deep structures undergo rap1d development, 

whereas cortical structures organize as the third trimester 

progresses. The germinal matrix tissue is analogous to the 

tissue lining the neural tube, and diminishes and 

dis1ntegrates from 30-40 weeks of gestation. Neuronal 

connections are formed 1n the periventricular germInal 

matrIx region and then synaptic proliferation and 

myelinatlon proceed in cortical structures (perkins, 1987; 

Towbin, 1971). The deep cerebral velns are prominent ln 

premature infants, whereas the duraI sinuses are the primary 

source of venous drainage in the term infant. Fo11owing 

hypoxic-ischemic in jury , venous drainage may be interfered 

with causing 

infarction and 

(Towbin, 1971; 

stasis-thrombosis 

phagocytosis of 

Volpe, 1987) . 

and subsequent necrosis, 

the surrounding tissue 

As has been alluded to 

previously, there is a differentia1 vulnerability of the 

deve10ping brain to deficient oxygen supply. The type of 

brain in jury is direct1y influenced by the gestational age 

of the deve10ping organlsm. Post hypoxic-ischemic insult, 

premature Infants typically present with damage to the deep, 

periventricu1ar strata of the cerebrum (Towbin, 1971). The 
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fragile vascular bed around the ventricles receive a large 

portion of the blood perfusing the brain, and is prone to 

hemorrhage following abrupt alterations of cerebral blood 

flow and blood pressure. Therefore the elemental lesion, 

destruction of the periventricular region, would resul~ from 

bleeding into the subependymal germinal matrix with 

subsequent rupture into the lateral ventricle. Secondary 

hydrocephalus, necrOSlS of adjacent white matter and 

neuronal destruction of the deep gray nuclei are often 

documented (Rorke, 1982; Volpe, 1989a). In contrast, the 

asphyxiated term infant dernonstrates necrosis of the gray 

matter in the cerebrum as weIl as damage to the cerebellum 

and deep nuclei. Subdural hemorrhages, spinal cord and 

brain stem injuries are occasionally seen (Leech & Alvord, 

1977; Rorke, 1982; Towbin, 1971). The differences in brain 

in jury following asphyxia are attributed to the changing 

structure and energy demands of the developing nervous 

system, as weIl as the type of hypoxic-ischemic event(s) 

that each gestational age is likely to be exposed to (Volpe, 

1987) . 

Experimental and human neuropathological studies 

suggest that the cochlear nuclei, superior olives, infe~lor 

colliculi (auditory relay nuclei), and the gracile and 

cuneate, ventrolateral thalamus, and parietal cortex (dorsal 

colurnn-lemniscal pathway) are highly vulnerable to anoxic

ischemic insult, particularly in the maturing brain. As 

yet, the extent and ultimate prognosis of per~natal brain 
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( 

lnJury cannot be accurately determined early ln life 

& Volpe, 1981). 

CONSEQUENCES OF PERINATAL BRAIN INJURY 

i.) Brain chan~es 

(Hill 

The consequences of perinatal brain damage are 

dependent on the capacity of the central nervous system to 

reorganlze at the time of insult. Fol10wing injury to the 

brain, there is direct tissue loss, 

in the growth and development of the 

as weIl as alterations 

brain. Normally, as 

the brain develops in utero, too many neurons are produced 

and therefore many appear programmed to die. After brain 

in jury , this process lS altered. Connections that are 

normally lost by axon retraction because of cell death, may 

perslst following hypoxic-ischemic insult. Howeve! these 

multiple connectlons remain as immature synapses and may in 

turn disrupt the activity of undamaged areas (Janowsky & 

Finlay, 1986). Therefore brain in jury appears to trigger 

the use of alternate pathways. The lesioned brain cells no 

longer compet~ for connections with other cells, and the 

adjacent spared areas may be recruited to recover the 

functions of the lesioned areas. This plasticity of the 

immature brain is usually at the expense of the functional 

abilities of the spared areas (Geshwind 1985). 

specifie and predictable neuronal groups are 

selectively vulnerable to particular patterns of hypoxic

ischemic insult. The metabolic rates of neuronal structures 

appear to play a role in determining their vulnerability to 
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diminished oxygen supply (Myers, 

metabolica11y active tissues with 

1975). For example, 

tremendous b100d flow 

requirements include specific nuclei of the bralnstem, 

midbrain, basal ganglla and thalamus. Failure of fetal 

circulation would therefore preferentially damage these 

particu1ar regions (Wigg1esworth, 1984). 

There is an emerging theory ln the recent literature 

suggesting that neuronal groups are selectively vulnerable 

if the synapses conta in large quantities of excitatory 

neurotransmitters such as glutamate. Fol1owlng a deflcient 

supply of oxygen to the brain, there appears to be an 

excessive release of toxic excitatory neurotransmitters. 

This hyperactivity of excitatory synapses may disrupt 

adjacent neurons, by causlng destruction and reorganization. 

Many excitatory neuronal cIrcuits mediate the control of 

normal movements, learning and thinking. Interestingly, 

survivors of selective neuronal necrosis followlng hypoxia 

often present with both behavioral and motor disturbances on 

follow-up lJohnston & Sllversteln. 1986). 

ii. )Neurodevelopmental seguelae 

Perinatal brain damage may 

sequelae such as cerebral 

cause 

paIsy, 

neurodevelopmental 

epilepsy, mental 

retardation, behavior, 1earning and communicatIon disorders. 

sensory impairment, or minimal brain dysfunction (Graziani & 

Korberly, 1977; Rantaka1lio et al, 1987). The area of 

injury ln the central nervous system will determine the 
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subsequent deficit. l'herefc.re one would expect visual 

problems associated wi th a lesion to the occipi tal lobe, 

intellectual and behavioral deficits with frontal lesions, 

and movement disorders such as dyskinesia documented 

following in jury to the deep neuronal assemblies of the 

forebrain (Towbin, 1971). 

Cerebral paIsy (Cp) lS a group of disorders with 

varying pathogenesis and type of in jury. This static 

encephalopathy is characterized by a disturbance of movernent 

and posture due to in jury to the central nervous system 

prenatally or early in the postnatal period. Approximately 

50% have subnormal intelligence and 25% have a seizure 

disorder. Arnbulation is usually affected and articulation 

may also be impaired (Paneth, 1986) . spastic diplegia, 

involving the lower extremities primarily, is typically 

seen in premature infants less than 36 weeks gestational 

age. This form of CP follows hemorrhage or ischemia in the 

germinal matrix with subsequent damage to the adjacent white 

matter. Fibers descending from the lower limb portion of 

the hemunculus pass adja~ent te the periventricular region 

tha t is vulnerable to ischemic in jury , therefore the lower 

extremi ties are most likely to be affected. Asphyxia, 

traumatic in jury or prenatal vascular insufficiency may 

cause spastic hemiplegia or spastic quadriplegia. The 

latter usually involves extensive deficits and mental 

retardation. Rare forms of cerebral paIsy involving the 

extrapyramidal system (i.e. athetosis, dystonia) or 
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cerebellurn (ataxial are likely due to hyperbilirubinemia, 

genetic or infeetious causes (perkins, 1987). 

The major causes of mi Id to moderate developmentai 

delay inelude genetic aberra tions or socioeul tural 

depr i vation. Severe mental retarda tion impl ies signl f icant 

hypoxic brain damage or cerebra l dysgenes 1 s (Naeye & 

Peters, 1987 1 . The socioeconomi e status and inte11ectua 1 

abil i ties of the parents will lnfluenee the degree of 

retardation in the chi Id (Perkins, 1987). 

cerebral hypoxic lesions may be latent, and rnay be 

expressed as "soft signs" ln chi Idhood. Examples would 

incl ude e1ums iness and incoordina tlon, behavioral 

disturbances such as hyperactlvi ty, learnirig problems such 

as r ight/ left confusion, and EEG irregu1ar i ties. Thi s 

concept of minimal brain dysfunctlon (MBD) was described 

extensive1y in the 50's and 60's and is now referred to as 

attention defici t disorder (ADD) (Towbin, 1971) . sixt Y 

cases wi th MBD were reviewed by Towbin (1971) and 4 types of 

damage were descr ibed: 1) subdural hemorr hage 2) mechanica 1 

in jury of caudal structures (Spinal cord and brainstem) 

3 lhypoxic damage in premature infants 4) hYPOX1C damage ln 

full term babies. The author suggests that genetle, 

metabolic, j nfectious and toxie processes may also 

eontr ibute to MBD. 

In surnmary,- neonatal neuropathologie defleits can be 

expressed clinically as a variety of signs and symptorns of 

varying severi ty. Signlfieant leSl0ns resul ting in CP or 
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retardation are evident early ln life whereas less 

devastating in jury to the brain may only present i tself 

later in chi Idhood as ADD, or developmental def ici ts such as 

speech delay, incoordination, and problems wi th reasoning 

and perceptual ski Ils. Microscopic defici ts may not become 

clinically evident for many years (Moore, 1986). 

Neuropa thologic lesions are not fixed, but evol ve over 

time both locally and distant to the lesion site. Early 

changes are biochemical (i . e. edema, pressure effects, 

altered membrane propertles), structural (i.e. degeneration, 

sproutingl, and physiological (i.e. decreased conduction and 

synapses, diminished feedback). Later changes are dependent 

on the age of the patient, type and extent of the lesion, 

and stimulation of the affected nervous system (Geshwind, 

1985) . Changes may be favorable, involving complete 

"recovery" of functional capacl ties. In the National 

Collaborative Perinatal project, which involved follow-up 

of approxima tely 40,000 infants from more than 12 teaching 

hospi taIs, resolutl.on of CP was observed ln aIl children 

wi th monoparesis, in most wi th dyskinesia, ataxia or spastic 

diplegia, and in about 1/3 wi th hemiplegia or quadriplegia 

(Perkins, 1987). Therefore infants may surVlve an insul t 

and appear to recover from functional losses as weIl. This 

has been attributed to neuroplastici ty, the trea tment 

advances in medicine, and the effects l.f: rehabili tation ln 

enhancing normal sensorimotor experiences (Moore,1986). In 

fact, manyof the children who "outgrew" CP had much higher 
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rates of developmental def ici ts, particular ly in speech and 

language, and visual/motor coordination. There 1S also an 

increased incidence of behavioral problems and seizure 

disorders 1n these children (Perkins, 1987). 

PREDICTION OF OUTCOME 

There is a vastly growing literature on prediction of 

out come ln newborns at risk for neurologie sequelae. 

Longitudinal studies have demonstrated that newborns at high 

risk include infants of very low birth weight (VLBW). 

newborns that are small for gestational age (SGA) and those 

wi th perinatal asphyxia. Other high risk groups include 

newborns presenting wi th neonatal seizures, a family history 

of neurologie disorder, cerebral hemorrhages or congenl tal 

malformations of the nervous system (Illingsworth, 1987; 

Ki tchen et al, 1982; Nelson & EIlenberg, 1986; perkins, 

1987; Stewart et al, 1981). 

Shapiro points out that "clinical predictions are neVAr 
2 

certain but are inherently probabllistic", therefore the 

results from studies give an indication of the odds facing a 

chi Id. High risk newborns are thus classif1ed according to 

risk and this information lS used at the discretion of the 

physician (Wasson et al, 1985; Shapiro, 1977). Predictlon 

of outcome 1S important to c11nlClans for dlagnosls, 

prognosls, and therapy. In other words, problems are 

identified as early as possible, and effective management is 
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( the ultimate goal(Shapiro, 1977), Early recognition of 

infants at risk for neurodevelopmental sequelae enables the 

transdisciplinary medical team to 1) carefully re-evaluate 

and follow those at high risk 2) screen for associated 

problems 3) begin early therapeutic intervention and 4) 

effectIvely counsel parents regarding the prognosis of their 

child. ClassIfication of patIents by level of risk may 

further be useful in the design of clinical therapeutic 

trials. For example, the efficacy of physical or 

occupational therapy treatment approaches could be studied 

in groups of infants that are at relatively high risk for 

neuromotor delay (EIlenberg & Nelson, 1981; Shapiro, 1977). 

Mathematical techniques in clinical prediction need 

not be complex. Two methods of analysis are favored; chi 

square analysis and multivariate techniques. The former 

involves cross tabulation of sIngle variables (2 x 2 

contingency tables) such as a neonatal test result and an 

outcome score on a developmental scale. Multivariate 

analysis examines the relationship between several variables 

at a time using multiple regression formula~ (Ellison, 1984; 

Wasson et al, 1985) 

One of the most devastating seque1ae to the child, 

family and community would be CP and therefore much emphasis 

has been placed on the early recognitlon of this disorder 

of movement and posture. Early identification 1S strived 

for as ear1y therapeutic interventions are thought to 

achieve maximal benefit {Bricker et al,19Bl; EIlenberg & 
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Nelson, 1981; Parette & Houcade, 1986; Scherzer et al, 

1976). Re1iab1e identification of CP early ln infancy lS 

difficult (EIlenberg & Nelson, 1981) however severe deficIts 

are evident earlier (Ellison, 1984). Using multIvariate 

analysis of a large cohort, Nelson & EIlenberg (1986) have 

determined that the pre and perinatal factors that best 

predicted CP were maternaI mental retardatlon, birthweights 

of 2000 grams or lower, fetal malformation, and breech 

presentation. SurprisIngly, bIrth asphyxia, prematurIty and 

events during the dellvery such as fetai distress were not 

strongly associated with CP. Several dlfflculties in the 

early diagnosis of CP can be enumerated. CP may be mlld or 

severe, and milder forms (I.e. brlsk reflexes and mild 

hypertonia) may only be Identified at about 12-18 months of 

age. Often, children "outgrow" tone abnormalities that are 

characteristic of CP, and this may occur months or years 

after the initIal c1inical presentation of the dlsorder. 

Longitudinal studies have confirmed Nelson & Ellenberg's 

initial findings that these tranSIent neurologlc 

abnormalities that resolve are associated with a higher 

incidence of speech defects, learning problems, 

hyperactivity and mental retardation which manifest at 

school age (Ellison, 1984). "The dlfflcultles in the early 

dlagnosis, the impossibility of drawlng the line between 

normal and abnormal in sorne cases .... and especia11y the 

occasional disappearance of signs of cerebral paIsy, make 

it essential not to tell the mother about one's suspicions 
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until one is certain about the diagnosis and the permanence 

of the condition. Continued observation is essential in aIl 
3 

but the severe cases" . 

There is a tendency ln follow-up studies of high 

risk newborns to focus on severe neurologie sequelae such as 

CP, however the majori ty of defiei ts are obvious only at 

school age, and may involve learning and behavioral 

problems and developmental defiei ts (Ellison, 1984) . 

Neurologie exami.nations of the newborn, whether 

standardized (i.e. Brazelton, Preehtl, Einstein) ~r non-

standardized, have been limi ted in their predictive value. 

Generally, neurologie slgns that are worrisome include 

tone abnormalities, brain stem signs such as po or suek and 

swallow. and apathy (Brown et al, 1974; Donovan et al, 1962; 

Drillien, 1972; Ellenberg & Nelson, 1981). Nelson & 

Ellenberg (1979) found a 50 fold inereased risk for CP 1.n 

newborns wi th neonatal selzures or an Apgar score of 3 or 

less at 10 minutes. Furthermore, the predictive value of 

extensor hypertonia increases markedly when documented at 4 

months of age. (Drillien, 1972; Nelson & Ellenberg, 1979). 

Abnormali ties documented on examination of high risk 

ehildren in the newborn period are nonspec.:ific, and are 

related to the acute nature of the insul t rather than the 

severi ty and longterm effects of the damage ta the brain. 

The prognostic power of infant neurobehavioral assessments 

are further limi ted by maturational, environmental, 

physiological and psychosocial factors tha t influence the 
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clinical findings. Therefore ini tial cliniea1 impres sions 

may be erroneous and should not guide management deCl Slons 

at present (Graziani & Korber1y, 1977; Perklns, 1987). The 

predictive capaei ty shou1d increase if a eomblnation of 

clinica1 and diagnostic neuro10g1c tests are ut11lzed 

(V01pe, 1979). 

Brain lmaglng techniques such as eomputed 

tomography (CT scan), ul trasound and magnetic resonanee 

lmaglng have reeently become available to patients in the 

neonata1 intensive care unIt (NICUl, and are helpfu1 ln the 

ear1y identifleatlon of signifieant brain damage sueh as 

cysts or atrophy ( Pane th , 1986). Follow-up studies of high 

risk newborns that had CT scans ln the neonatal perlod 

reveal that mi1d periventricular hypodensl. ties whl.ch often 

resolve, or normal scans generally corre1ate with a 

favorable outcome. Severe periventricular leukomalacia 

(i .e. primarily seen in premature lnfants) and prominent 

cortical low dens i ty zones (suggested to be watershed 

infarctions or venous-stasis thrombosls seen typieally ln 

full term infants) are associated wi th c.lbnormal deve10pment 

(Adsett et al, 1985; Llpper et al. 1986; Magi1ner & 

Wertheimer, 1980 ; Schrumpf et al, 1980 ) . Morphologie 

changes detected on CT may resol ve on seriaI testing and may 

in sorne cases refleet central nervous system ( CNS) 

immaturi ty rather than res01ving ischemlC ln jury 

( Fi tzhardinge et al, 1982) . Furthermore, functiona1 

abnormali ties in children may be clinically detected wi thout 
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evidence of structural abnormali ty on CT. Ther€'fore the 

interpretation and prognostic value of ear ly CT findings 

must be consl.dered wi th caution (Schrumpf et al, 1980) . 

sequential neurologi c and neuroradiologic examina tions over 

the first months of life would likely yield 

correla tions with outcome 

Ul trasonographi c studies 

( Lipper 

are 

et 

now 

al, 

being 

better 

1986) . 

used 

extensi vely in the NICU to identify brain les ions . 

Ul trasound is an invaluable dlagnostic tool for this 

population as i t is portable, relati vely inexpensive, and 

contains no l.onizing radiation (Volpe, 1989b). Most 

ul trasound studies on premature infants have identified the 

degree of periventricular leukomalacia (PVL), which is 

defined as infarction of the whi te matter adjacent to the 

external angles of the lateral ventricles and lS the 

neuropa thologi c correlate of spastic diplegia. Prior to 

routine neuroradiographic testing, these lesions were 

dl.scovered only at autopsy (Bozynski et al, 1988; Calvert et 

al 1986) . The resol ution of ul trasounds has improved 

markedly in recent years, therefore accurate identification 

of PVL i s now f easibl e (Fawer et al, 1987) . Prospective 

examination of preterm l.nfants using cerebral ul trasound 

reveals that cysts associated wi th PVL appear at a mean 

postnatal age of 26 days. The vast majori ty of premature 

infants with PVL have abnormal motor development and other 

major developmental sequelae (Cal vert et al, 1986; Fawer et 

al , 1987 ) . Persistent hyperechogenl.c areas (dl.ffuse or 
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extensive lesions typieally). as well as cyst formation are 

associated with major motor and intellectual handicap 

particularly when appearing in frontal-parletal and frontal

parietal-occipital regions (De Vries et al, 1985; Fawer et 

al, 1985 ;Fawer et al, 1987; Volpe, 1989b) . Isolated 

periventricular-intraventrieular hemorrhages do not appear 

to be associated wi th a significantly increase..J risk of 

neurologie sequelae. In faet, post-hemorrhaglc dllatation 

appears 

recent 

1985 ; 

to be associated wi th a favorable outcome 

studies (Bozynski et al, 1988; De Vr ies 

Fawer et al, 1985 ; Fi tzhardinge et al, 

ln many 

et al, 

1982 ) . 

Therefore, seriaI brain ul trasonography appears to have 

important role ln prediction of outcome, particularly 

preterm infants. 

an 

ln 

In summary, the outcame of 

appears to be related ta the type, 

the lesion, as weIl as ta the 

perinatal brain in jury 

extent and location of 

neuroplasti city of the 

maturing nervous system. There are several reported studies 

showing recovery of apparently large leslons. However. 

ehildren with cerebral les ions have a higher incidence of 

neurologie abnormali ties la ter in l ife. The validi ty of 

imaging techniques as early predlctors of permanent brain 

damage lS disputed ln the literature. Clearly, with 

improving resolution of brain morphology, as weIl as the use 

of sequential testing, the sensitivity and speeificity of 

these tests are drama tica lly increas ing. Magneti c resonance 

imaging may prove to be invaluable in the early recogni tion 
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of brain damage and several studies of this nature are 

likely underway. The extent of the neurologie deficit ~s 

present1y difficu1t to accurate1y predict, particularly ~n 

children with mild to moderate developmenta1 deficits. 

Furthermore, these tests cannet always assure a normal 

outcome (Bozynski et al, 1988; Fawer et al, 1985). 

Brain imaging procedures provide sorne correlation with 

the child's developmental outcome, particu1arly when there 

1S a clearcut structural deficit such as a cyst. 

E1ectrophysio1ogic measures have also been eva1uated as 

possible 1ndicators of longterm prognosis. A review of the 

literature on electroencephalographic (EEG) studies on high 

risk newborns demonstrates that this diagnostic tool 1S most 

predictive in extreme situations. Therefore a normal or 

immature pattern is associated with a good outeome whereas 

burst suppression or electroeerebral inactivity correlate 

with a poor prognosis. Epi1ept1form activity is a poor 

predictor of out come (Holmes et al, 1982). Holmes et al 

(1982) determined in their study on asphyxiated infants that 

the EEG was more re11able in predictlng outcome than the 

neonatal neurologie exam. Laeey et al (1986) found that EEG 

abnorma1ities documented in the first week of life 1n 

premature infants did not correlate with intracranial 

hemorrhage, severity of il1ness or neurodevelopmental 

outcome. Only the most abnormal records predicted a poor 

prognosis. Sarnat & Sarnat (1976) examined the relationship 

between EEGs and neurologie impairment in 21 full term 
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asphyxiated infants. Neonatal EEGs and clinical exams were 

classified into stages and analysis revealed that EEG 

findings paralleled clinical status. Furthermore, 

persistence of low voltage, theta and delta activity for 

more than one week, or isopotential EEGs were associated 

wi th death or neurologic sequelae. The changes on seriaI 

EEGs were more valuable than indi vidual clinical s1gns on 

the neurologie exam. 

EVOKED POTENTIALS AS A PROGNOSTIC TOOL: RATIONALE 

Clinicians continue to search for more effective 

diagnostic tools that evaluate and moni tor function in the 

nervous system. Using computer averaging techniques, evoked 

responses (or evoked potentials) are extracted from 

elec. .:..cal activi ty picked up from electrodes placed on the 

scalp. Waveforms or potentials are generated from 

particular structures along the ascending sensory pathways. 

Surface recorded evoked responses have the tremendous 

advantage of being non-invasive, objective and reliable 

measures of brain function. Absolute and interwave latency 

measurements reflect central conduction time whereas 

amplitude ratios may be an index of synaptic activity. 

Evoked responses can be repeated in infancy to evaluate 

maturational changes characteristic of brain development. 

SeriaI testing may be of further value in documenting the 

evolution of brain in jury (Chiappa, 1983; Gilmore, 1989; 

Laureau et al, 1988). 
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Evoked responses may prove to be invaluable as a 

prognostie tool in newborns at high risk for neurologie 

sequelae. Firstly, experimental and human neuropathologie 

studies have suggested that the ascending audi tory and 

soma tosensory relay nuclei are selecti vely vulnerable to 

hypoxic-ischemic in jury , particularly in the maturing brain. 

For example, the cochlear nuelei, the superior olives and 

the lnferior colliculi are often damaged following selective 

neuronal necrosi s . The parietal cortex as weIl as thalamic 

and brainstem (i. e. gracile and cuneate nuclei) structures 

ln the dorsal eolumn medial lemniscal system are likely to 

be tYPlcally injured following partial or total asphyxia. 

Evoked potential studies on animal s prior to and following 

hypo.<la or ischemia have demonstrated that the responses are 

sensi tive to al terations in oxygen availabili ty. Changes in 

amplitude and latency have been noted ln the auditory 

bralnstem evoked response (ABR) and somatosensory evoked 

response (SER) f ollowing hypoxic-i sehemi c events, wi th a 

10ss of components in extreme si tua tions (Branston et al, 

1984; McPher son et al. 1986; Sohmer et al, 1983). 

In the reeent li terature, the prognostie value of 

evoked responses has been examined. specific abnormalities 

ln the ABR. sueh as prolonged central conduction time and 

abnormal V / l ampli tude ratios, appear to predict later 

neurodevelopmental deficits, especially in asphyxiated full 

term infants (Hecox & Cone, 1981 ; Hrbek et al, 19ï7 ; 

Stockard et al, 1983) . In a prevlous study (Majnemer , 
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Master' s thesis 1985; Majnemer et al, 1988), l examined thé 

prognostic significance of the ABR in high risk newL0rns. 

An abnormal ABR, which included lncreased 1-11I or 1-V 

interwave latencies, abnormal VII amplitude ratios « 0.5) 

or abnormal dispersal ratios « 0.2), predicted neurologie 

deficits at 1 year of age. However, a normal ABR did not 

ensure a normal outcome. ABR findings reflect bralnstem 

function from the eighth cranial nerve ta the midbrain, but 

does not evaluate conduction along higher centers of the 

nervous system, therefore 11mitlng the applicability of this 

test in determining extent of damage to structures rostral 

to the inferior coll ieuli . However, thi s study has 

delineated the high specificity and positive predictive 

power of the ABR in a high risk populatl0n from the NICU. 

The ABR abnormalities appear ta reflect one type of 

pathology, selective neuronal neerOS1S, which involves 

brainstem structures as weIl as vulnerable structures in the 

cerebellum, thalamus and cortex 

Volpe, 1987) . 

(Majnemer et al, 1988 ; 

Due to the limitations of the ABR as a prognostlc 

indicator of brain in jury , l propose to evaluate the 

possible addi tional value of using the SER in conjunction 

wi th the ABR in high risk neonates. The SER assesses the 

integr i ty of the ascending sensory projections from the 

periphery to the sornatosensory cortex, and therefore a wider 

distribution of the central nervous system wou1d be probed. 

The ABR and SER will be recorded slmultaneously on a new 
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cohort of both healthy and high risk newborns, so that the 

predictive value of these two sensitive electrophysiologic 

tests may be statistically determined. 

OBJECTIVES OF THIS STUDY 

1. To establish normative data for SERs in healthy full term 

as weIl as Iow risk premature newborns tested at 40 weeks 

conceptional age. 

2. To descrlbe the maturational changes that occur in SER 

recordings over the first 6 months (corrected age). 

3. To compare SER recordings in normal and high risk 

newborns and determine whether or not this test can 

distingulsh the two groups. 

4. To assess the prognostic significance of multi-modality 

evoked responses in a group of newborns at high risk for 

neurodevelopmental sequelae. 

In Chapter 1 (i.e. article 1), maturational changes in 

the SER were studied and descrlbed in a group of 18 healthy 

full term newborns. These infants were tested in the first 

week of life, and testing was repeated at 2-3 months and 6-7 

months of age. A reliable technique for generating 

reproducible SERs ln neonates is delineated and the effects 

of age, fllter settings and state of consciousness are 

described (objectives 1 and 2 ). 
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In Chapter 2, an ABR and SER were performed on a group 

of low risk premature infants at term (40 weeks conceptional 

age). Results were compared with those of the healthy full 

term group, 50 that the posslble maturational effects of 

early exposure to extrauterine environment could be 

investigated. If there is no slgnlflcant difference in 

evoked response measurements between the 2 groups (full term 

and premature) when tested at the same conceptional age, 

one could conclude that the nervous system myelinates at a 

similar rate. Therefore it would be feasible to use 

normative data derived from a healthy full term population 

for high risk premature infants that are tested at term 

(objectIve Il. 

SER findIngs ln 34 high rlsk newborns are descrlbed ln 

Chapter 3. The type and the evolution of these 

electrophyslologic 

relationship 

explored. 

with 

abnormalitles 

developmental 

are presented and 

status in infancy 

their 

is 

The prognostic significance of multl-modallty evoked 

responses in high risk newborns is reported in Chapter 4. 

The predictive value of two evoked response tests (ABR and 

SERI are examined individually and in combination and the 

clinical utility of the findings lS highlighted. 

A Discussion follows the four chapters and summarizes 

the literature on SER in healthy and high risk newborns. The 

rationale for using evoked responses as a prognostic tool 
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( are delineated, and the reported studies describing the 

prognostic value of each modality of evoked response testing 

in graduates of the NICU are summarized. The results of my 

research are highlighted in context with the existing 

literature. 

Finally the study rationale and clinical relevance are 

re-emphasized in the Concluslons. Original contributions of 

this prospective study are enumerated as weIl. 
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NOTE TO THE READER REGARDING MANUSCRIPTS: 

with the exception of the first article, which was a 

collaborative effort between Dr. E. Laureau and myself, l 

was solely responsible for selecting an appropriate 

experimental design, organizing/implementing aIl testing 

procedures, as weIl as carrying out statistjcal analysis and 

manuscript preparation for the studies that follow. 
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A longitudinal study of short latency somatosensory evoked responses in 
healthy newboms and infants 1 

E. Laureau 2, A. Majnemer 3, B. Rosenblatt and p, Riley 
Evokld Po/,nllals lAbora/Dry and N,onD/al Fo//oM/·Up CIIn/c, Mon/nal Chl/dm,'s Hospital. D'pan".,,,,s of Nnuologyl NtlUosurgery 

and P,mames, McG,1I Ufl/lJrrslly, MontTra~ QUI (Canada) 

(Accepled (or pubhcauon: 19 June 1987) 

SIIIIUDUy Maturauonal changes ID shon lalency somalosensory evoked responses (SERs) were sludJed ID 18 heallhy (ull·lenn 
newboms ID Ihe rU'st week of life and consequently repealed at 2-3 and 6-7 months of age. Bath medlan netves were eleclncally 
sumulaled mdlVldually and evoked responses were recorded al 3 levels: Erb's pOUlI (EP), second cervtcaI vertebra (CIl), and 
contralalera.l panetal scalp (C'cl. In the nconatal penod. results o( 32 surnulaled netves were oblamed III aH cases at Ihe EP and Cil 
levels. AI the panetal level. potenuals were presenl ID 85$ of cases. absent ln 9'Ji and quesuonable ln 6%. Panetal pOlenuals were 
occaslonally noted on one slde ooly. Repeat exanunaUons al 2-3 and 6-7 months o( age demonstrated slgrufican: maturallonal 
changes an the SERs. These changes wete most prorrunent ID Ihe nconalal penod and 2 monlhs o( age. They IDcluded decreased 
IlItcrpeak latenaes, Increucd amphlude and markedly dmurushed dtSperston oC panetal polenuals. MU\1mal changes ln wave form 
configurauon and latency were noted al the EP and cn leve!. These fandtngs most hkely reflcct myehnauon and rncrea.sed synapuc 
cffiaency predonunantly ln the central seosory pathway. The purpose of lrus Ulvesugauon was 10 dehneate .l rcbable tcchruque Cor 
SERs 10 n~borns and mfants that could be appbed both to research and cltrucal 5ettlIlgs Normative data were otolbhshed ln 

newboms and anfants as llus will hclp us an accurately dJfferenuaung a normal from an abnormal group of neonates and mfants. 

Key words: Somatosensory evolced response; Newbom; Infant; Maturauon 

The clirucal usefulness of somatosensory evoked 
responses (SERs) has been Wldely recogruzed 10 

the literature (Mastaglia et al. 1978; Anzlska and 
Cracco 1980; Oh 1980; Chiappa and Ropper 1982; 
Mauguière et al. 1982) in adults. In the neonatal 
period and ln chùdhood. tbis technique is dlfficult 
and special procedures are necessary to perfonn 
tbis test. Maturauonal changes of somatosensory 
pathways were assessed for the upper Iunbs in 

1 PrOjcct supponed by Ihe McGill Uruverslly, Montreal 
Cluldren's Hosprtal RestarCh lnstllute. 
2 Supponed by a fellowslup (rom the' Fonds de la Recherche 
en Santé du Quëbec' (F R.S Q). 
) Supponed by a studentslup from Ihe Medical Resea.rch 
Councû of Canada (M.R.C.). 

Co"~spontknct to: Dr. B. Rosenblatl, Montreal CluJdren'~ 
HospItal. 2300 Tupper. Room A-514. Montreal, Que. H3H IP3 
(Canada). 

several studies (Hrbek et al. 1968; Desmedt and 
Marul1970; Blwr 1971; Hrbek et al. 1973; Cullity 
et al. 1976; Desmedt et al. 1976; Laget et al. 1976. 
Pratt et al. 1981; Hasrumoto et al. 1983; Pallotta 
et al. 1984; Willis et al. 1984; Cadtlhac et al. 1985. 
Sitzoglou and FotlOU 1985). Sorne authors studH:d 
long latency SERs (Hrbek et al. 1973; Cullity et 
al. 1976; Laget et al. 1976), others exammed only 
short latency SERs (Desmedt et al. 1976; 
Hashirooto et al. 1983; Willis et al. 1984) that are 
less affected by state of conSClOusness. Few authors 
reported fmdings of both penpheral and central 
responses (Pratt et al. 1981, Wùl.1s et al. 1984; 
Sitzoglou and Fouou 1985). Ail these studle~ 

utlltzed cross-secttonal data. Results were bghly 
discrepant and could not be easIly applled cluu
cally. Compansons between studies are dlfflcult 
because of dl fferent stlmulatmg and record1Og 
parameters (stimulated nerves, type of stimulus, 

0168-5597/88/S03.50 <0 1988 Elsevter Sctenufic Publtshers Ireland. Ltd. 
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rate, montage. fiJters) that could alter the latencies 
and the morphology of the wave forms (Celesia 
1985). ThereCore, our objectives were: 

(1) to establish a technique that was easy to 
apply to both clinical and research settings, par
tlcularly 10 the neonatal penod; 

(2) to pro\.lde an objectIve method oC measur
mg the wave forms both in penpheral and central 
somatosensory pathways; 

(3) to assess the matural10nal changes in the 
short latency SER in a longitudmal study, in a 
cohort of healthy newboms. 

MatenaJ and methods 

(1) Subjects 
Eighteen healthy newboms from a weU baby 

nursery were chosen with the foUowing selection 
criteria: Apgar score > 7 at 5 min; birth welght 
appropria te for gestational age (> 3rd percentile); 
gestatlOnal age between 37 and 42 weeks; without 
pennatal complicauons. 

Seriai testmg was camed out to assess matura
tional changes of the SER ln infancy. They were 
tested 10 the neonatal penod (between the 2nd 
and the 4th day aiter blrth), at 2-3 months and at 
6-7 months concepuonal age (defined as gesta
tlOnal age plus chronological age). 

(II) Method%gy 
(a) Recordmg techmque. SERs were performed 

after or during feeding, therefore the subjects were 
qUiet or asleep. At each recording, the dlfferent 
states of conSClousness (l, alen-resùess: 2, alert 
calm; 3, drowsy; 4, asleep) were noted. The Grass 
model 10 ER system was used with G2 negallvity 
yielding an upward deflec1lOn. Both median nerves 
were stunulated separately. Electncal square wave 
pulses (0.2 msec duraLlon) were delIvered by means 
of a specIal miant sumulator (DISA) that was 
applted at the wrist level, at a rate oC 4/ sec with 
an lDtenslty sufftclent to obtam a mmimal thumb 
twitch. Electncal acuvity was plcked up by gold 
cup surface electrodes applied with paste on the 
skin and resistance was mamtamed below 5 ka. 
Surface electrodes were placed at the following 
levels: at Erb's point (EP), at the second cerncal 
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vertebra and at the contralateraI parietal level (at 
C'3 or C'4: 2 cm behind C3 or C4 as defined by 
the 10·20 international system). The ground was 
placed on the upper Iimbs. Arm length was mea· 
sured {rom the stimula lion sile to the EP elec· 
trode. The first 3 derivatlOns (FPz-EP, FPz-CII, 
FPz-C'c) were filtered at 30-3000 Hz whereas the 
4th derivation (FPz-C/c) was filtered at 3-3000 
Hz. The response was arnplified 100,000 x with a 
vertIcal scale x 4. The sweep was set at 50 msec 
wlth a 1.5 msec delay. At least 2 series of 512 
sweeps were recorded to ensure reproducibility of 
the wave fonns and were superimposed on the 
X-y pIotter. 

(b) Wave form ana/ys,s. Absolute latencies 
were measured from the onset of the sllmulus to 
the pealc. In the neonatal period, the EP wave 
fonn often had a V-shape morphology WÏth 2 
negative p,aks. For measurement of latency, the 
second negative peak was always taken, regardless 
of amplitude. If there was a smgle prominent 
negative peak, it was measured for EP latency. At 
tbe CIl level, if there was a single prominent peak, 
it was measured for CIl latency. If the peak was 
bifid, the second peak was talcen. If CIl was 
somewhat dispersed, the last point before the 
drop-off was taken. At the panetaI level, If the 
pealc was clearly Vlsualized, latency was measured 
at the peak. If not, the point where the wave fonn 
begms to cise from the baseline and the corre
sponding trough (P22) were tndicated. N19 peak 
could be estunated by the intersection of the rising 
and descending slopes. When P22 was dtfficult to 
idenufy, the pornt at wluch the wave form retums 
to basetine was labeled as P22. 

The mterpeak latencie...: (lPLs) EP-Nl3, Nl3-
N19 and N19-P22 were calculated. Funhermore, 
the amplitude of Nl3 relative to N19 was ca1cu
lated (Nl3jN19), the amplitude being defined as 
the helght from peak to trough of each wave. As 
the 2 recordings were superimposed, an average of 
the two was denved (Fig. 1). Dispersal of the 
panetal potential was defined as the height over 
the base of tlus wave. Dispersed wave forms are 
typically of low amplitude (height) and broad 
based (base), therefore this would yield a low 
ratio. WeU defined peaks are of high amplitude 
and of shorter duration therefore yielding a high 
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Fig. 1. A companson of the amplitude of N13 relauve to N19. 
ln the !.conatal penod. N19 wu •• :..::.:!~ted. therefore. the 
amplitude rallo wu large. Dunng mfane)". N19 grew ln 5120. 

therefore, the amplitude rauo decrea.sed. 

ratio value. The base was dermcd as the duration 
of the wave fOnD, from the positive peak beCore 
N19, to the retum to baseline or trough (P22). The 
height of the wave Corm was from the rughest to 
the lowest point within the limitations of the 
ba.~eline (Fig. 2). 
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a 3 Months (n -14) a 6·7 Montils (n_28\ 

Fig. 2. The amp'ütude 01 N19 relauve 10 Ils base (dispersal 
r:..uo). ln the neooatal penod. N19 wu 01 very low amplatude 
and dupersed and Iherefore, Ihe dispersal muo was small. 
Dunng anfancy. the hetght o( N19 increased and Ils base 
docreased, Ihere(ore, the dispersal rauo mcreased as a func:uon 

otage. 
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(e) SlallSlleal analv:us The evolutlOl1 0/ 

latencies and interpeak latenctes. Jmplltude ralto~ 
and dispersal as a funcuon of lime was .u1.llysc:d 
by ANOVA for repeated measure:>. Th\! Schc:lfc 
post-hoc test was used for compansons of meam 
over time. 

ResuJts 

(1) Sample 
In the neonata) penod. 18 ctuldren were re

corded (13 males and 5 females. Table 1). The 
ctuldren were ail asleep dunng the tCl>t. flurty
thrt>e medlan nerves were stlmulated; for one 
median nerve. pane al potenlIah could not be 
recorded because of elcctnc.11 arufact 

Dunng mfancy, 13/18 parents agreed to corn" 
Cor follow-up testmg. Cluldren were retested Jt 2 
or 3 months and at 6 or 7 months of .lge. FOUT 

parents agreed to have thelr chddren retested J 
times so that addltional data pOlOts could be 
acqurred. Results at 2-7 mvnths that were re
corded dunng state 4 were eIurunated from the 
study. At 2 and 3 months of age. 7 and 8 ctuldren 
were respectlvely recorded. Latencles and mter· 
peak latencles (lPLs) were not pooled between 2 
and 3 months of age because slgruflcant dd
Cerences were found for sorne parameters between 
these 2 age groups (Tables II and III) At 6 and 7 
months of age, 8 and 7 cluldren were respectlvely 
recorded. Latencies and IPLs were pooled be
tween 6 and 7 months of age . 

(II) M aturatlOnai changes 
(a) Morphologlcal changes. In the neonatal 

penod. at the EP and CIl level, the potenuah 
were easùy recogruzable and always present. The 
EP wave form oCten had a V-shape morphology 
with 2 negauve peaks. The N13 wave form was a 
negatlve pronunent peak, sometlmes blfld or diS

persed. At the panetal level, the negatlve peak 
(N19) and followmg pOSitive peak (P22) were of 
low amplttude and dlspersed when compared to 
EP and N1l In 32 stunulated nerves, 27 panetal 
potenuals were present (85%).2 were quesltonable 
(6%) and 3 were absent (9%) (Fig. 3). In the 
questionable recordings. there 15 a c1early repro-
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TABLE 1 

Main char:actensllcs of the cohort studled ln lhe neonaw penod and dunng Infancy. 

Neonal:al penod 2 monlhs 3 months 6 monlhs 7 months 

Chlldren (no) 18 7 8 8 7 

Concepllonal :age (CA 10 weeks) 37-42 47-48 51-55 63-66 67-69 

MeanCA+ 1 S D 393+ 1.4 476+0.5 52.4+ 1.2 64.1 + 1 68+0.6 

SUmoJlalCd nerves (no) 33 14 16 16 12 

TABLE Il 

Mean values (M) and standard devrauons (S D) ln msec of SER peak latencu:s ID hea1thy newboms and Infants. N, number of 
subJects M > M' Indlcates a stausucaily sigruficant dlfferencc between the means of the 2 groups (P < 0.05). Ml, Mean of latency al 
the necnatai penod; M2. Mean at 2 monlhs; M3, Mean al 3 months; M4. Mean at 6-7 months. 

Neonalal penod 2 months 3 months 6-7 months Sigruficant dlfferences 
(1) (2) (3) (4) between groups 1-4 

EP latcncy M 632 6.00 5.97 5.34 
S.D 0.73 0.55 0.59 0.43 Ml> M4, M2> M4 

N 33 14 16 28 

N13latency M 998 8.96 8.56 771 
S.D 072 0.54 0.40 0.55 Ml> Ml. Ml> M3. Ml> M4 
N 33 14 16 28 

N191alency M 25.00 20.39 1916 1752 
Ml> M2 Ml> M3. Ml> M4. 

S.D. 2.91 1.16 1.09 0.79 
M2>M4 

N 29 14 16 28 

P22latency M 3419 28.50 26.81 23.62 
Ml > Ml. Ml> M3. Ml > M4, 

SO 403 1.22 2.02 1.04 
M2> M4, Ml> M3 

N 29 14 16 28 

TABLE III 

Mean value (Ml and standard dCVIauons (S.O) ln msec oC SER uuerpeak latenCies 10 hea.lthy newboms and mfants. N. number of 
subJccts M> M' mc:ùcates a statlsuca1ly sigruficant differencc between the means of the 2 groups (P < O.OS) Ml. mean of IPLs al 
lhe neonaloJ penod; Ml, mcan al 2 monlhs; M3. mean at 3 months; M4, mean al 6-7 months. 

Neonalal penod 2months 3 months 6-7 months SlgruClcant dlfferences 
(1) (2) (3) (4) between groups 1-4 

EP-N13 M 3.67 2.96 2.59 2.37 
S.D. 0.61 066 0.42 0.50 Ml> Ml, Ml> M3, Ml > M4 
N 33 14 16 28 

M 1510 11.43 1059 9.77 
Ml> M2, Ml> M3. Ml> M4, 

S.D. 2.68 1.03 0.84 0.98 
M2>M4 

N13-N19 

N 29 14 16 28 

NI9-P22 M 9.83 8.11 766 5.58 
S.D. 3.02 0.59 1.48 093 Ml > M2, Ml > M3, Ml > M4 
N 29 14 16 28 
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ducible rise from baseline. however. the wave form 
is of low amplitude and dispersed. with a voltage 
of the N19-P22 wave less than 0.22 ~V. Every 
child had a clearly recognizable potential on at 
least one side. No child had absent and/or ques
tionable potentlals on both sides. The concep
tionaI age (CA) of children wlth questlOnable or 
absent parietal potentials vaned from 37 to 40 
weeks. 

At 2, 3 and 6-7 months of age. nurumal mor
phological changes were observed at the EP and 
cervical levels. When compared to the neonatal 
penod. the shape of the wave forms was surular 
and the amplitude of potentlals increased slightly. 
At the parietal level, however. major morpho
IOgIcaI changes were observed. The amplitude of 
the N19-P22 wave mcreased markedly and the 
duration of the wave fonn decreased. PanetaI 
potentlals were present in aIl cases. Four out of 
the 5 children with absent or questionable parietal 
potentials in the newbom penod were retested at 
2-3 months and aIl four had c1early recogruzable 
wave forms. At 2-3 months of age. a second 
negative peak following P22 couid generally be 
observed (Fig. 4). 

(b) Latencles and tnterpeak latencles. The 
major effect of time was a decrease in latencies 

E LAUREAU ET AL. 

and lPLs at the 3 anatomlc levels (olt least P < 0.05. 
Tables Il and III). There was no slgrufll.:ant dlf
ference between left and nght arm Ex~epl lor the! 
EP latency. aU mean values were sigruficantly 
higher ID the neonatal penod than olt 2. J and 6- 7 
monlhs. respectlvely. The mean EP I.1tency was 
slgruficantly decreased (al least. P < 0 05) only al 
6-7 months of age. N13. EP-NU and N19·P~2 
did not change slgruficanlly after 2 monlh~ ln 
contrast. N19. P22 and N13-N19 ~howed sigrufl
cant maturatlonal changes over llm!! between ~ 
and 7 months (at leasl. P < 0.05) 

Arm length was found to be negauvely corre
lated to Nl3. N19, P22. EP-NI3. N1J-NI9 (r= 

-0.70 to -0.85) For EP and N19-P22. coetfl
cients of correlatlOns were only -044 and - 058 
respectlvely (P = 0.0000). 

The vanatlOns of N13-NI9 IPLs as .1 functlon 
of conceptlOnal age are Illustrated ln Fig. 5 Mo~t 
mfants were recorded 3 or 4 limes. few were 
recorded only once. Wlth mcreasmg concepuonal 
age. all IPLs as well as data vanablhly decrea~ed 
with increasmg conceptlOnal age. 

(c) Amplitude ratIO (N 13 / N 19) and dIspersai 
ratIO of N 19 In the neonalal penod. the mean 
value of N13/N19 was 319. TIus ratio decreased 
slgnificantly at 2 months of age (1.30. P < 005) 

Present Questionable Absent 

msec 

Fig. 3. Wave Conn Idenuficabon of N19 10 the neonataJ SER. On the lefl. panetal potenbals are present In the center. ~ 19 and P22 
are defined as quesuonable: there IS a shghtlDcrease oC the basehne. no more than 0.22 /JV. and potenuals are very dlspersed On the 

"ght, there are no coruca! potenllals . 
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Neonatal 3 Months 

2 Months 6 Months 

msec 

Fig. 4. A fongltudmal study of SERs of the nght mcdIan nerve 
ln one c/uld at O. 2. 3 and 6 months of age 

and did not change thereafter (Table IV and Fig. 
1). 

The mean dispersal rallo of N19 was 0.16 in the 
newborns and mcreased marked1y at 2 months 
(0.71, P < 0.05). Agam, no ft_nher change was 

TABLE IV 

Neonatal penod 2 months 
(1) (2) 

NlJjN19 M 319 1.30 
MiD 0.86 0.52 
Max 7.25 3.43 
No 29 14 

Dispersai M 0.16 0.71 
MID 0.05 0.20 
Max 0.28 1.48 
No 29 14 

lOS 

ZZ[ 
,0 

IQ 

56 ,a 0002-,.1 56 o, ~o 

COnCeD!'Onaj Age IWeeksl 

FIg. S. The vanatlons of N13·N19 IPLs as a runctlon or 
concepuonal age 

noted between 2 and 6-7 months (Table IV and 
Fig. 2). 

(d) Effeet of fllter settzngs. The parietal poten
hals were recorded using 2 types of fil ter settings: 
30-3000 Hz and 3-3000 Hz. The effeet of rrusing 
the low cut-off fùter was most eVldent in the 
neonatal penod as can be seen in Fig. 6. U sing 
3-3000 Hz mter setting, the panetal potenuai 
appeared as a large negatlve wave without a fall· 
mg slope in the maJonty of recordings. With 
30-3000 Hz, N19 was shifted to the leit in ail 
cases and P22 (i.e .. trough or retum to baseline) 
was recognizable. Dunng infancy, the discrepancy 
was not so marked, panetal potentials were clearly 
Idenufiable usmg both types of fùter settings. 

3 months 6-7 months 
(3) (4) 

131 1.14 
064 050 
3.67 3.00 

Ml > M2. Ml> M3. Ml> M4 

16 28 

0.71 1.10 
0.20 019 
1.38 1.92 

Ml > Ml. Ml> M3. Ml> M4 

16 28 
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N'9 30-3000 Hz 
" 

Pu 

3-3000 Hz 

-----------.::::.t 2lJV 

o 25 50 msec 

FIg. 6. The e{fccl of filter selungs m the neonataJ penod. 

FPz-C'c 

~ 

j 
1 

\ 
\ 
\ 

Case 1 

Case 2 

yo::::::. .... A_S_lee..;..p-")L~~\_o:::::=::::::::::::::::::::::==-'-42 uV 
N19 P22 

o 25 
msec 

50 

Fig. 7. The c{(eet of staCe on SERs. Case 1 demonstrales a 
decrease 11\ amplitude of N19 whereas case 2 also demonstrates 

a siJghlmcrea.se of P22 latency. 
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However, a slight sluft to the nght and .1 greater 
amplitude in panetal potentlals were ()b~ervcd .\1 

3-3000 Hz when compared to 30-3000 Hz 
(e) Effeel of state. In the nconatal penod . .111 

the newboms were asleep dunng the procedure 
During ail follow-up testmg. mùst of the children 
were recorded awake. Sorne of them were recorded 
awake and then aslcep dunng the same test Dlf· 
ferences were noted ln SER results N19, P22 
amplitude decreased dunng sleep and P~2 l..Hency 

tended to increase (Fig. 7). 

Discussion 

We have tried to estabhsh the optimal tech· 
ruque for SERs that was rehable and ea~y to 
reproduce ln order 10 generale normative J.lI ... 

useful for clinical and research applIcatIOns. par· 
tlcularly ID the neonatal penod Generally, SER:. 
ln newborns are performed by electncal sttmula
tion of the median nerve at the wnst (Bhur 1971, 
Hrbek et al. 1973; Culltty et al. 1976. Laget et al 
1976; Hashimoto et al. 1983. Wllhs et al 1984. 
Cadllhac et al. 1985; SltzOgiOU and Fotlou 1985) 
ThIs technique IS Simple and the mtenSlty IS ..ld· 
justed to produce a mlJUmal thumb tWltch Hrbek 
et al. (1968) and Pratt et al. (1981) used mechant· 
cal sumulation whereas Desmedt et al. (1976) us~d 
electrical sumuJation of the fingers. Thcse tech
niques are more difficult as one IS nOI certam 
whether the nerve is bemg stlmulated A thumb 
twttch ensures that the medIan nerve IS 10 faet 
stimulated. The rate of stImula lion used wa'!' 4/ sec 
ThIs was done in order to dururush the lime of 
recording. We used surface electrodes as they were 
easy to apply and non·mvaslVe. Recordmg e1ec· 
trodes were placed at dlfferent levels 10 order 10 

assess the maturational changes of both penpheral 
and centrallemruscal pathways. TIus montage wa~ 
used by Pratt et al. (1981), Wùlt,!, et al. (1984) Jnd 
Sitzoglou and FotIou (1985) Ampufier fil 1er sct
tings have vaned Wldely m the Iiterature Culin" 
et al. (1976) used 2-300 Hz and Ha.<.hlmotü el ..il 
1983) used 50-3000 Hz. Desmedt et al (1974) 
recommended Wldely open filter~ Llke WlilJs (!l 

al. (1984), we used 2 Ionds of filter for paneta) 
denvations sc tbat we could detenrune the OplI-
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mal Cilter settmg ln the neonatal period (30-3000 
Hz). The dlscrepancy between the 2 fllter settmgs 
was noted pnnclpally in the neonatal penod. 

We have studJed short latency responses (Wlth a 
sweep tJme of 50 msec) because they are the most 
reproduclble components oC the SER although 
they are somewhat affected by sleep state (Hrbek 
et al. 1969; Desmedt and Marul 1970; Hasrumoto 
et al. 1983) In trus study, we have attempted to 
control for the effeclS of state of conSClOusness on 
the panetal potentlals. Newboms were tested when 
drow5y or asleep as tlus 15 thelr predominant state. 
ln contrast, lnfants were never recorded asleep as 
trus was found ta induce a decrease 10 amplJtude 
of N19-P22 wave (Hrbek et al. 1969) and an 
lncrease ln latency of P22 (Desmedt and Marul 
1970; Haslumolo et al. 1983). 

PrevlOus authors did not speclfy the percentage 
of panetaJ potenuals ln the newbom penod. In a 
study of SERs ln 34 sleepmg newboms, Blarr 
(1971) ohtamed panelal potentials oruy ID haH of 
them. Pratt et al. (1981) obtamed a panetal poten
liai ln 1 out of 10 newboms but used mechanical 
stimulatIOn of the fingers. The most comparable 
study to ours IS that of WIllis et al. (1984). They 
were able to obtam EP and parietal potenuals in 
only 2/3 of cases. In our study, we obtamed EP 
and cervIcal potentlals ID ail cases. At the parietal 
level. we obtatned a potenua1 iD 85% of cases m 
the neonalal period. 

The use of absolute amplItudes 15 luruted be
cause of thelr extreme vanabtllty (CbJappa and 
Ropper 1982). Relative amplitudes between N13 
and N19 and dispersal rauos of N19 were estab
Iished. They are use fuI to assess more objectlvely 
the amplItude and disperSion of wave fonn 
components. Tlus study demonstrates dramatlc 
changes In amplitude rauos (N13jN19) and dis
persal of N19 from the neonataI penod to 2 
months of age retlectmg sigruficant maturatlonal 
changes ln the panetal potenual. 

SERs are useful to assess the maturatIOn of the 
penpheral and central !eouùscal pathways. The 
EP potentIal IS thought to be generated by ftbers 
of the bracrual plexus and N13 IS felt to be 
generated by dorsal co\umn nuclel (Chiappa and 
Ropper 1982) andlor bram-stem lemniscal path
ways (AnzIska and Cracco 1981). EP and NI3 
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both aIlow the assessment of peripheral pathways. 
N19, whose origm is more controver5laJ, is gener
ated either in the thalamus (Chiappa et ai. 1980; 
Chiappa and Ropper 1982) or in the sensory 
panetal cortex (Desmedt and Cheron 1980). P22 is 
thought to onglOate in the panetal cortex. N19 
and P22 can be used as indices of cen tral matura
tion of lemruscal pathways. In the neonatal penod. 
the penpherallemniscal pathways seem more ma
ture than the centraJ ones. EP and N13 were 
recorded in all children and their waves were 
clearly recognizable. On the contrary, panetal 
potenuals were of low amplitude and dispersed 
and only 85% could be recorded. The marked 
variabllity of the N13-N19 interpeak. latency in 
the neonale may correspond to the bIOlogIc varia
tion in myelin depositICn as demonstrated 
anatonucally by Gilles et al. (1983). The matura
uonal changes of SERs were shown by repeat 
exarrunations at 2, 3 and 6-7 months of age. The 
more Impressive changes for both peripheraI and 
central lemruscal pathways were between the 
neonatal period and 2 months of age. Minimal 
changes ln wave form morphology and latency 
were noted at the EP and Cil levels. TIns pre
sumably retlects the opposing factors of increasmg 
ann length and increasing conductIOn velocity and 
the facl that penpheral sensory pathways seem 
more mature than central sensory pathways 
(Yakovlev and Lecours 1967). In contrast. changes 
were more marked ln central pathways, inc1uding 
decreasmg latencles. IPLs, mcreasing ampliludes 
and markedly dinuruslung disperSIOn of parietal 
potentials. These findings most likely refleet 
myelinallon and increased synapuc effiClency pre
dommantly in the centraJ sensory pathways. 

We are presently lnvestlgatmg the usefulness of 
early SER testmg in bJgh nsk newboms. Pre
liminary findings suggest that healthy and rugh 
risk newboms can be dtfferentlated by early SERs. 
Furthennore, SER abnormalitles may reflect the 
extent and evolutlon of anoxic-ischemic inJury 
and may therefore have predictive value 
(MaJnemer et al. 1987) . TIus subJect IS part of an 
ongomg prospectIve study in our laboratory. 

Wc are tndcbted to Dr A. Papagcorglou and rus nursmg 
staff at St. Masy's Hospital (or theU' cooperauon. to the 
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Montreal Cluldren's Hospital Reseuch Instltute (or financlal 
support. 10 Diane Bouchard and IUthennc Hamson-O'Oon
nell (or assIStance ID tcsllng, and 10 Nicole LaudJgnon for 
stallsllcal consultation. We arc graterul to the parents and 
cluldren who look part ID tbls sludy 
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ABSTRACT 

Multi-modali ty evoked potentials are widely used in 

newborns to assess the maturation and integn ty of the 

sensory pathways. Reliable normatl ve data are needed to 

maximize the utili ty of this technique as a diagnostic and 

research tool. Several electrophysiologlc studies on the 

maturational changes of the ABR have demonstrated that 

latency measurements decrease as a function of Increasing 

conceptional age, however maturational studies of the 

somatosensory evoked potential particularly ln low risk 

prema ture infants are l imi ted. The existlng evoked potential 

literature in heal thy newborns proposes that maturatlon of 

the central nervous system occurs at a predictable rate 

irrespective of a given gestational age at birth. 

Behavioral studies of premature infants suggest that 

neurologie development may be altered by early extrauterine 

exposure. The purpose of thl s study was to determine 

whether audi tory brainstem or soma tosensory evoked 

potential conduction times were comparable ln premature and 

full term infants matched for conceptlonal age. The resul ts 

of this study suggest that myelination is determlned by 

coneeptional age, independent of premature birth. 

KEY WORDS: audi tory brainstem evoked potential

somatosensory evoked potential- conceptional age

premature- full term- myellnation 
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INTRODUCTION 

Recent longi tudinal studies determining the 

developmental outcome of high risk newborns have uniformly 

demonstra ted that the chances of heal thy survival has 

dramatically increased over the past two decades. However, 

the handlcap rate for neonatal intensive care unit gradua tes 

has remained stable (1-2). Therefore objective tests are 

needed to assess the structure and function of the immature 

brain, 

at-risk 

and monitor neurologie maturation, so that neonates 

for developmental handicap may be identified early 

and managed effectively. 

Audi tory, visual and somatosensory evoked potentials 

are widely advoca ted for neurologie and audiologie 

assessment of asphyxiated and other high risk newborns (3-

4) . Evoked potential s may be used as an objective indica tor 

of maturation of the central nervous system and this 

electrophysiologic technique lS of further value as a 

research tool. Reliable normative data T1'\ust first be 

established so that the utili ty of this diagnostic 

technique may be fully reali zed (3-5). 

There is a conflicting body of knowledge ln the 

literature regarding the neurologie maturation of infants in 

the intrauter ..... ine versus the extrauterine environment. One 

view stipulates that the brain develops (e.g. myelinates) 

independent of the environment. This has been demonstrated 

by electrophysiologic and histopa thologic studies of the 

nervous system (3-6). Several studies support the view that 
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neurologic development in pre-term newborns is accelerated 

wi th intrauterine di stress and subsequent ear Iy extrauterine 

exposure. The latter V1ew lS reinforced by behavioral 

methods of assessment primariIy (3,7,8). It 1.S weIl 

established that latency measurements in auditory brainstem 

evoked potentials decrease as a 

age (def ined as gestational age 

function of conceptional 

pl us postnatal age), and 

appears to refiect maturation of the nervous system early in 

life (5,9,10). Therefore developmental changes in central 

conduction time are independent of the environment of the 

infant. Normative data for somatosensory evoked potentiais 

in newborns are limi ted, particularly for premature in:..ants 

(3,11-13). 

The aim of thi s study was to determine whether or not 

low risk premature infants tested at term (40 weeks 

conceptional age) àemonstra te comparable audi tory brainstem 

and soma tosensory evoked potent1.als as heal thy full term 

infants tested in the first week of life. Alternatively, 

the effects of chronological age on the evoked potentials in 

premature and full term infants were examined as weIl. 

METHODS 

I. SUBJECTS 

Heal thy full term newborns (gestational age 

weeks) were obtained from a weIl baby nursery. 

> 3 6 

Select10n 

MAJNEMER 4 



criteria included an Apgar score of 8-10 at 5 

birthweight appropriate for gestational age 

minutes, a 

and without 

evidence of pre or perinatal complications. This group was 

part of a cohort of healthy and high risk newborns being 

followed longitudinally so that the predictive value of 

multi-modality evoked potentials may be delineated (12,14). 

Low rlsk premature infants were selected from the premature 

nursery of the Royal Victoria Hospital. Criteria for 

admission to the study included an Apgar of 8-10 at 5 

minutes and oxygen by mask for less than 2 minutes at 

delivery, gestational age < 37 weeks, birthweight > 1500 

grams and appropriate for gestational age, and no evidence 

of pre or perinatal complications. Therefore infants with 

evidence of fetal di stress or asphyxia at delivery, birth 

trauma, congenital anomalies, neurologie abnormalities, 

sepsis, meningitis, respiratory difficulties or metabolic 

problems were excluded. This study has been reviewed by an 

ethics committee. Informed consent was obtained for aIl 

subjects. 

II. EVOKED POTENTIAL TESTING 

AlI evoked potential testing was carried out ln the 

Evoked Potentials Laboratory of the Montreal Children's 

Hospital. The same recording techniques and standards for 

measurement were used for the full term and premature 

infants. Full term infants were tested ln the first week of 

life and were reassessed at 2-3 months and 6-7 months as 
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part of a longitudinal study (12). For this 

premature infants were tested as close as possIble 

weeks conceptional age. 

auditory bralnstem evoked potentials-

study, 

to 40 

Gold cup electrodes were pasted to the vertex (Cz) and each 

earlobe (Al-left ear, A2-right ear) and a ground was placed 

on the forehead. 

upward deflection. 

Positivity at the vertex produced an 

with the earphone resting gently on the 

pInna, monaural rarefaction ClICk stimuli were presented at 

a rate of 11/sec to each ear at 70 decibels hearing level 

(dBHL) . At decreasing intensities at a rate of 31/sec, 

threshold was established. Filters were set at 100-3000 Hz 

and input was amplified 100,000X. One thousand and twenty 

four responses were averaged per trial, and at least 2 

trials were carried out at each intensi ty to ensure 

reproducibility of the waveforms. Averaged responses were 

printed on an x-y pIotter. 

somatosensory evoked potentials-

Gold cup electrodes were applied wIth electrode paste to 

Erb's Point (EP), over the second cervical vertebra (CIl) 

and 2 centimeters behind C3 and c4 (as defined by the 10-20 

system) ; 

the EP, 

electrodes were referenced to Fz. Negatlvityat 

CIl, C3 and c4 produced an upward deflection. 

Newborns generally were drowsy or asleep throughout testing. 

An electrical square wave pulse was dellvered to each median 

nerve uSIng an infant stimulating electrode at a rate of 4 
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Hz and a duration of 200 usee, and an intensi ty suffieient 

to produce a minimal thumb twi teh. Filters were set at 30-

3000 Hz and input was amplified 100,000 X. Fi ve hundred 

and twelve responses were averaged per trial, and at least 2 

trials were recorded to ensure waveform reproducibili ty. 

Two trials were superimposed on an x-y pIotter. 

Absolute and interwave latencies were measured by 2 

independent readers (AM and BR) . Means and standard 

deviations were derived for both full term and premature 

infants tested at approximately 40 weeks eonceptional age. 

Measurements were further determined for full term infants 

at < 1 week and at approximately 8 weeks (i .e. 2 months) 

chronological age (weeks after blrth) and for premature 

infants at 6-8 weeks chronological age. Therefore the 

effects of intrauterine versus extrauterine environment 

could be explored. 

RESULTS 

Evoked potentials were carried out on full term infants 

in the first week of life (day 1-3) whereas premature 

infants were tested between 3-8 weeks postnatal age, as 

close to their expeeted date as possible. Therefore, the 

two groups were tested at sirnilar coneeptional ages. Table 

1 presents the rneans, standard deviations, and ranges of 

values for gestational age at birth, as well as coneeptional 

age and chronological age when tested with t?voked 
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potentials. Nineteen full term infants were te~ted in the 

neonatal period. In l infant, there was not sufficient time 

to perform the somatosensory evoked potential. There were 

nlne low risk premature infants evaluated as close to term 

as possible. 

somatosensory evoked potentials: 

Thirty five median nerves were tested ln the newborn 

period in the full term group; recordings from one median 

nerve could not be obtalned due to electrlcal artlfact. 

Both median nerves were tested in each of the 9 pre-term 

infants. AlI but 2 full term infants were asleep when 

tested, whereas 4 out of 9 premature infants were drowsy or 

awake. One other premature infant was awake lnltially. but 

fell asleep when the second limb was being stimulated. In 

the full term group, EP and CIl were easily lecognizable 

whereas parietal potentials were present ln 85%, and 

questionable or absent in 15%. In the premature lnfants. 1 

out of 18 EP potentials was not easily identlflable due to 

electrical artifact, however N13 (generated over the second 

cervical vertebral was easily rp~ognizable ln aIl cases. 

For the parietal potential (N19) . 1 out of 18 was 

questionable, being of very low amplicude and dispersed and 

1 other potential was absent. The unIlateral questlonable or 

absent potentials were found ln comparable 

the full tl=rm group (12). It should 

proportions ln 

be noted tha t 

questionable or absent parietal potentials were not seen ln 

recordings of 2 month old full term infants (8 weeks 
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chronological age). 

Wave shape in the 2 groups were similar in that EP and 

NI3 were clearly identifiable whereas NI9 was of low 

amplitude, broad ba8ed and dispersed. This is in contrast 

with the parietal potentials of the full term infants tested 

at 2-3 months of age, which are easily recognizable wlth 

increased amplitudes and smaller bases (Figure 1). It 

should be noted that the reeordlngs selected in FIgure l 

were representative examples of the morphologie 

charaeteristlcs of each group (i.e. A,8,or C), 

notwithstanding the child's level of consciousness during 

testlng. 

Latencies for EP, N13, N19 and interwave lateneies for 

NI3-N19, and N19-P22 appear ln Table 2. T tests reveal no 

slgnlflcant differences between the 2 groups. However, the 

mean lateney of NI3 was somewhat longer ln the full term 

group (9.9 compared to 9.5; P=.0982), and this may be due ta 

small differenc~s in arm length between the two groups. In 

the full term infants, the mean arm length was 17.6 

centlmeters (+1- 0.85) whereas in the premature group It was 

17.3 (+1- 0.87). Furthermore, the N19-P22 interwave latency 

was also of longer latency in the full term group (9.7 

eompared ta 8.5; P=.1460). In a previous report from our 

laboratory (12), N19-P22 interwave latency was found ta 

be prolonged by sleep in young infants In our subjects, 5/9 

of the premature infants were drowsy or awake during 

recording seSSIons, whereas only 2/18 of the full term 
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infants were awake throughout the recording session. 

N13-N19 interwave latencies represent central 

conduction time through the dorsal column-medial lemnlscal 

system.A plot of N13-N19 values against conceptional age 

(gestational age + postnatal age) and against chronological 

age (postnatal age) can be compared in Figure 2 Clearly, 

the values for premature and full term lnfants of the same 

conceptional age (i.e. tested at term) are more simllar in 

range and variability than ln Infants of the same 

chronological age (i.e. tested at approximately 6-10 weeks 

after birth) . 

auditory brainstem evoked potentials: 

Thirty seven out of 38 ears were tested ln the full 

term group and aIl 18 ears were evaluated ln the pre-term 

group. Waves I, III and V were easIly identIfiable and the 

latencies for wave V and l-II1 and I-V interwave latencles 

are presented ln Table 3. There are no slgnifIcant 

differences between the 2 groups for these values. 

DISCUSSION 

The human fetus develops ln utero for approxlmately 38 

weeks after conceptIon With the advent of new llfe support 

systems, many premature infants are now exposed to the 

extrauterine environment up to 4 months earller. Several 

studies argue that this precipltate exposure to the 
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extrauterine world may influence or facilitate the 

maturatIon of the nervous system. Discrepancies ln 

neurologIe funetioning have been reported ln elinieal 

InvestIgatIons comparlng the neurobehavloral status of 

premature and full term infants tested at term (40 weeks 

coneeptional age). Inferlor performance ln visual and 

audltory orienting as weIl as motor patterns have been 

documented ln the premature group and authors suggest that 

the pre-term lnfants have poorer behavioral organization 

(15-17). Others have established that the neurobehavioral 

performance between the two groups is not significantly 

different (18-20). Palmer et al (21) assessed 80 preterm 

infants at 40 weeks conceptional age and compared them with 

full term Infants. The premature Infants were more alert 

and responded better to auditory and visual stimuli. They 

had less flexor tone and diminished arm traction and recoil. 

Amiel-Tlson (22) suggested that there 18 a possible 

acceleratlon of neurologic maturation in premature infants 

wIth eVldence of unfavorable intrauterlne condItIons. In a 

preselected group of premature infants (16 out of 1400 

tested) neurologlc age on pxamInation was at least 4 weeks 

greater than the estimated gestational age. 

In summary. there IS consIderable disagreement in the 

literature regarding the neurobehaVloral performance of 

premature infants compared wIth full term infants tested at 

the same eonceptional age. ThIS may be partly due to the 

possible Influences of perInatal and neonatal conditions on 
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neurologie functioning (i.e. low risk versus high risk 

prematures), the assessments used, the consistency of the 

state at the time of testlng, and varlatlon in neurologlc 

development. Clearly, these studies have not shown that 

early exposure to the extrauterlne environment Impacts on 

myelination. 

Myelination of axons beglns in the second trlmester of 

pregnancy and continues for many years after birth. This 

process begins in the periphery, and proeeeds ln a eaudal

rostral directIon. The hemispheres myelinate weIl after 

birth and the dispersed and immature peaks that are 

generated from parletal scalp recordlngs of the 

somatosensory evoked potential reflects thlS. The hlgh 

varIation ln myelin depositlon lS manlfested by the notable 

variability ln lateney values documented ln neonatal 

somatosensory evoked potentlals (23,241 Gestatlonal 

age plus postnatal age is belleved to be the most meanIngful 

criterion for myelinatlon (25). The nervous system evolves 

anatomlcally and physiologically ln a predictable manner, 

therefore the neurologie exam may be used to estlmate 

gestational age (7). Estlmatlon of gestational age lS 

important for the management of clinlcal problems, and for 

physiologic studies and developmental assessments (26). 

Evoked potentials rnay be the most rellable quantItatIve 

indicator of accelerated or delayed rnyelinatlon ln the 

newborn (3,27,28). The components of the audltory bralnstem 

evoked potential (i.e. latency, amplItude) show maturatlonal 
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neurologie functioning (i.e. Iow risk versus high 

premat~res). the assessments used. the consisteney of 

risk 

the 

state at the time of testing. and variation in neurologie 

development. clearly. these studies have not shown that 

early exposure to the extra uterine environment impacts on 

myell.nation. 

Myelinatlon of axons begins in the second trimester of 

pregnancy and continues for many years after birth. This 

process begins in the periphery. and proceeds 1n a eaudal

rostral direction. The hemispheres myelinate weIl after 

birth and the dispersed and immature peaks that are 

generated from parietal scalp recordings of the 

somatosensory evoked potential reflect this. The high 

variation in myelin deposition is manifested by the notable 

varlab11ity ln latency values documented in neonatal 

somatosensory evoked potentlals (23.24). Gestational 

age plus postnatal age is believed to be the most meaningful 

crlterion for myelinat10n (25). The nervous system evolves 

anatomically and physiologieally in a predietable manner, 

therefore the neurologie exam may be used ta estimate 

gestational age (7). Estimation of gestational age 1S 

important for the management of clinical problems. and for 

physiologie studies and developmental assessments (26). 

Evoked potentials may be the most reliable quantitative 

indlcator of aecelerated or delayed myelination 1n the 

newborn (3,27.28). The eomponents of the auditory brainstem 

evoked potential i1.e. lateney. amplitude) show maturational 
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changes as a function of gestational age. For example, the 

latency or conduction tIme decreases as a functIon of 

increasing gestational age. Furthermore, thls maturational 

process proceeds at approxlmately the same rate, regardless 

of enVlronment (intrauterlne or extrauterlne). Therefore, 

longitudinal and cross-sectlonal auditory bralnstem evoked 

potential data may be pooled for a glven conceptlonal age 

(4,5,9,10). Latencies between 28-40 weeks conceptlonal age 

vary too much to be used to predIct conceptlonal age (4) 

Somatosensory evoked potentlals performed on healthy 

full term newborns demonstrate that potentlais generated 

over Erb's point and the second cervlcal vertebra are easlly 

elicited whereas the parietal scalp potentials are of low 

amplitude and dispersed and are occaslonally absent (12,13) 

Maturational changes over the fIrst six months are 

prominent. particularly for the parletal potentlal. and 

include decreased absolute and interwave latencles. 

increased amplItudes and diminlshed dlsperslon (12) 

Somatosensory evoked potentlais in pre-term newborns are 

reliably recorded and demonstrate the sarne maturatlonal 

changes 

evoked 

that are classIcally seen with 

potential recordings (3.11). 

audltory brainstem 

MaturatIon of the 

somatosensory evoked potential components appear to occur at 

the same rate regardless of environment ln infants wlth no 

evidence of braln damage however this remalns to be 

substantiated (11) 

The alm of this study was ta determIne whether or not 
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{ somatosensory evoked potential normative data obtained from 

healthy full term infants could be utilized for premature 

neonates tested at term, as 1S the case for the auditory 

bralnstem evoked potential Therefore premature infants 

wlth favoreable perInatal and neonatal conditions were 

tested with the somatosensory evoked potent1al at 40 weeks 

conceptional age and flndings were compared wlth those 

obtalned from full term infants. 

The results demonstrate that there are no significant 

differences 1n absolute or interwave latencies of auditory 

and somatosensory evoked potentlals at a given concept10nal 

age, whether the infant was born at that age or matured to 

that age. furthermore, waveform identlfiability and wave 

shape of the potentials 1n pre-term infants tested at term 

resemble those of full term newborns, as opposed to full 

term 2 month old Infants. Therefore normative data from 

healthy full term Infants can be applied clinically to 

premature infants tested at slmilar conceptional ages. 

Our study conflrms the fIndings ~f Kllmach & Cooke 

(11), ln spite of quite varlable somatosensory evoked 

potentlai stimulatlng and recording parameters. Other 

electrophyslologlc tests such as electroencephalography and 

electromyography have provlded further evidence that 

conceptional age rather than postnatal age dictates the 

maturatlonal parameters of these tests (11). Accurate and 

age appropriate normative data is essential ln maXlmlzlng 

the utlilty of evoked potentlal testlng in the pediatrie 
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population. Auditory brainstem evoked potentials are used 

widely as a neonatal hearing screening tool as weIl as to 

assess the functional integrity of the immature nervous 

system (14,29-31). Somatosensory evoked potentlals may 

prove to be of tremendous value as a prognostlc tool as the 

somatosensory pathway bipasses important areas of the braln 

that are vulnerable to hemorrhagie or isehemic braln ln jury 

particularly in premature infants, The predictive value of 

somatosensory evoked potentials in hlgh risk newbocns 13 

presently being explored in a prospective study 

Preliminary findings indicate that the degree and 

persistence of neonatal somatosensory evoked potential 

abnormalities reflect the extent of neurologie impairment on 

follow -up (32), 
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FIGURES AND TABLES 

Table 1 

Gestational age as weIl as conceptional and chronological 

ages at testing in the full term and premature infants. 

Table 2 

Absolute and interwave latencies of the somatosensory evoked 

potential follow1ng median nerve stimulation 1n full term 

and premature infants tested at term. 

Table 3 

Absolute and interwave latencies of the auditory brainstem 

evoked potential in full term and premature infants tested 

at term. 

Figure 1 

A Comparison of a premature 2nfant's somatosensory evoked 

potential recording with that of a full term infant (A) of a 

slmilar conceptlonal age and a full term 1nfant (C) of the 

same chronological age. 

Figure 2 

A plot of N13-N19 interwave latency against conceptional age 

and against chronological age. 
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TABLE 1 

TESTING AGE ( weeks ) 

mean s.d. range 

FULL TERM 

gestatlonal age* 39.2 l.5 37-42 
conceptional age 39.5 1 7 37-'13 
chronological age O( <1) 

PREMATURE 

gestational age 34.0 l.7 32-36 
conceptional age 39.8 l.1 39-42 
chronological age 5.7 l.7 3-8 

*at birth 
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TABLE 2 

SOMATOSENSORY EVOKED POTENTIALS 
ABSOLUTE AND INTERWAVE LATENCIES 

EP N13 N19 N13N19 N19P22 

FULL TERM N=35 N=35 N=31 N=31 N=31 
mean 6.3 9.9 24.6 14.8 9.7 
s.d. (0.71) (0.73 ) (3.13) (2.83 ) ( 2.95 ) 

PREMATURE N=17 N=18 N=16 N=16 N=16 
mean 6.2 9.5 24.8 15.2 8.5 
s.d (0.61 ) ( 0 .85 ) (2.23 ) ( 2.69 ) ( 1. 81 ) 
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TABLE 3 

1-1I1 

FULL TERM N=37 
mean 2.7 
s.d. (0.25 ) 

PREMATURE N=18 
mean 2.6 
s.d. (0.32 ) 

AUDITORY BRA1NSTEM EVOKED POTENTIALS 
ABSOLUTE AND INTERWAVE LATENCIES 

1-V V 

N=37 N=37 
4.8 7.0 

(0.30) ( 0 .42 ) 

N=18 N=18 
4.7 7.0 

(0.35) (0 40) 
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Somatosensory Evoked Response 
AbnorrnaIities in High-risk Newborns 

Annette \Iajnemer, "ISc*~, Bernard Rosenblatt. "IDCM*+~, l>ntricia Riley, MDCM&+, 
Emmanuele Laureau, \'1D*, and Augu~tin:V1. O'Gorman, MB,BCNt~ 

ln a pre\ 11lll' ~Iud.\ l'rom our /Jhoratory. thc progno~tic 

~1J.:lJlficanlt: 01 the aU(lJl()r~ hralO"tcm c\'oh.cd respon .. l' 
wa .. a.,.,e ...... ed III 11Igh-n.,h. nconaîr .... An abnorm<ll 

,lUllllor.' hralmtem l" o"ed n:"pon~l' prl'dicted neuro-

1I/I!Ic deticlh .. t age J ,\ ear. hO\H!\l'r. a normal re'mlt dlct 
Ilot predll t .1 Iwrrn.!/ oulcorne. In order lu e\aluate the 

progno.,tlC utlilty of e\.tllllnlllg other .,en"ory path",ay~. 

"lHllatO' .. C/l<,or~ c\Oked rc"pon"c\ \\l're elicitcd follo\\ ing 
/IIedlan nen e ... Ii mu l ,,}\Ion. -1 c ... tlllg "a., performed at 37-
.U "eeh. '> cO/llcplronal age t dcfined a ... ge~tational age 

plu,> chronologlc age) and at .2 and 6 m()nth~ conception

.. 1 age,>. i hme patient'> ~Iudied included J-' high-ri.,,, 

llCO/Jate., ,lIld 1 Il he.!lth~, tcrm lOfant,> a., controls. Tell 

of the 3~ pallcnt,> had ahnormal "\lmato~t>ll~nr~ e\ ohed 
rC.,poll'>C'>. \hnofmalilic, mdudcd mcrca,ed .tb.,olute 

1 N JI}. P22) and lIItcrn ,ne l'IU- 'd 9. '1..; 19-P22) lalencle, 

,lnd flal potenlra"'. Jlolle or III LOlI1blllatlOll. Three 

l'hildren \\Jth n,II pOlcnlra/., demomlrated a per~l~tence 

of Ilm clhnorrn,tllt,\ on ~ub'>l'quellt cxarninatlOn and 

Ihe\' lalcr pre~cnted dllllcJlI~ "Ith .,pa~llc quad

npare,>". hllir inlallh \\Jlh Illcrea ... ed lalcncie~ 

manife,lt'd normal re'>pome., on ,uh~equelll e\aminJ

lion. I{cl'cntl.\. Ihe~t' -l patwnb e\/lIblted tOile abnor

/Il,IIlIIl''' and /l1I/d dl" el0llmenta/ dcfidts: developmen

t,tI outUlme. hOl\(.'\er. "III he a ... .,e'>~ed in a bhnd ,>tuct~ 

,III !car of ,Ige ,1\ part ofthi., ongomg pro~pectl\e ~tudy. 

PrclilJ\lnar.~ re,>ulh .,ugge~1 thJI ,>omalo,>emor.1 e\oked 

rC'p0ll'>l'" /liaI hl' \ aluahlc a., ,III {>Icctroph~~rologic 

pl edlrtor of olltcome. 

:-'1.IJ/lt'IIIt'r \ Rmt:nhl.J!1 Il I~liey r LlUreclU E, ()'GonnJll 
• ';-.\ "'(l!II,lt(l'-.CII'(\I~ è\ ()~~d re,p()I1~~ .lhnoJ111Jiltle., ln
hlgh Il'~ nn\l"mr!1' PL'llt.llr ~èllml IlJX7 3 J50-5 

IntrodllctHl/1 

~Illll t -1,IIL'lll:- ~(lll1at().,t..'Il'ory L'\ ()~ed rt''>pllmt', 1 SSE R ... ) 
,m: Illlk'lj lhed tn .. "l' ... ., tht' IIltegl It)' ot the ,>t'n,or) Ilath
\\ .1\ .. , il proleL t .. trorn tht' rx:nplll:r:- [0 the Lontr,II.lIercd 
p.1I rt'[.11 colin (II ~[1n1ll1.1tln!! ,md ICLordll1g p,lr,uneters 

t rom 11ll' "! \l'~.:d f'tllenll Ji, l,thllr,lIp[\ ,Ulli ''\con,\\Jt fo!lo"-up 
{ hlIlL, ~!lltllrl,,!1 ( holdrln , Il'''I'II,!! [).:p.lnmenl' ot -"euro!og\ Jnll 
'\eUIll\lIrCCI\ l't'dl.lln,, ,IIll! RJdJ()lo~\ \Ie G III UnIVer,!!\ 
'''>nlle,iI \)\Idx'l' . -
1 h" \11ll!\ ",l' l'lt''u\\cd III pMI .\\ Ihe \merle,1n \l,!tlemv ni 
'\t'lIrn[,,~\, \Je\\ 'i ()r~ 111\ '- '\ IliS7 ,ml! .Il Ihe ~ùLlt'l\ tur PeU!JtnL 
Rt''':,lrdt .. \n.lhcUIl. l' \ [% 7 

350 1'1'1l1·\IRIC'\IllWLCXJY Vo13:'{o6 

cire hlghly \ anable (I.e. nerve <;tlmulated type of ,>tlmulus. 
rate. montJ.ge. tïlter .,ettlllgl. therefore.1! 1'> dlftÎcult to com
p,He nOrmJtlve dalJ. Jl110ng lJ.borJtones DIfferent 
\N,lvetaml'> wlth .1 \' J.nety 01' nomencl.!ture~ have been 
dC~lnbed [2-4 J 1l1cre Jre tew rcpol1ed dmlcaI qudles of 
SSER~ ln ne\';bom~ and IIlfants. The neon,ltal. panc!tal 
potentlJI (NIt), N20. or :-.II) typlcally ha~ very low
Jmplltude. 1:' dl:,p"f<;ed. Jml occa.,lOnJlly 1., not detectable 
1 n healthy newboms The percentagc! ot potenna!s detected 
ln heJI[hy newbom,> hJ, been varlJ.ble, rangmg from 50% 
[5 J. [067CC [6]. and up tO X5 c'c (7 J -\ p.metal potentlul I~ 

dc!!ectahle on .l! lea,>t one ,Ide In .lit heJlthv newborn:, Fur
!hernlore .... ub.,cquent tc ... tlng Jt 2 montl)) of Jge demon
.,trJ.tl''> IIlJ.t pJnet,ll potenlJ.tb Jre alwJy~ clearly Idenutï
,lble PotentlJ.h.1I Erb \ pOint (Ep) :md over the cef\ Ical 
vertebral' Jre morphologlcJII} more cle,lrlv detïned Jne C.M 

be reilJbly obtJrned ln all newbom'> [7] ln mfJ.ncy. I11Jtur .1-

tlol1JI clMngc!> m SSER mduue uecre.t'lIlg .lb~olute and 111-

t<:f\\ ,IVC l.tl\~ncle ... Jnd lIlCrca,mg JmphlUde~ a ... a functJon 
ut .Ige 1 ~-6 8-13] 

There h,t,> becn ,onK rClen! Intere,t 10 U"tng evoked 
re,pon,e, a,> objectIve dIJgno,[ll' ,mu progno.,t1l' tooh ln 

the neor1JtJ.llnten'lve ç.lre UnIt (NICUI [14-17J Climcal 
JppllcJtlOn ... 01 SSf:.R ... In ne\\ hom, .lI mk for n.::uro

Lie\ elopmcntal ,>equelae Il.ne no! hel'n JdequJtely ex
ploreel Iherdore. \I.e began J pro'>pel't1ve \tud) wlth the 
lollowrng obJective ... 

( 1 l TOlklme.tte.t technique lor pertonnlllg SSER, tn tn

tJnh thJt produLe, rellabk lecorulng", 
(2) To e ... !abll."h norrn.lllve dJl.l for SSEP s ln newbom~ 

.tnd mt.ml:, . 
13 l To compJfc tlndlng~ ln norm.tl and hlgh-nsk 

neol1.ttes .• md. 
H) To deterrmne the preulLtlve vJ.luc ot SSER., Jnd 

audnorv brJln.,tem evokeu Ic,>pon"e., 1 ABR~) Resulh ot 
the lir~[ IWO ohJec!lve ... " .. ere reported prevlou,ly [7J Thl;. 
,wdy ue\cnbe, the SSER Ilndlnp In 34 hlgh-mk newborn 
mfJflf, .tnd ,t"O explore ... [he reLI!IOIl,>hrp between 
electrophY,>lOlogtc .lbnorm,tlltle\ ,UlU developmental statu", 
!Il ln fJ.l1cy 

Commume~llOn., ~houll! lx Jddre"ed 10 
Dr Ro,enblalt. \1ontreJI CllI[dren , flo\p!IJI. Room A·514 
~3UO Tupper Sireel :-lonlreJ[ QuebcL, H3H 1 P3 
Reu:l\cd Ju[v [6 19~7 JLccptcd Seplernber 22 1987 

tkpnlllC"\1 f"'1ll il. 1)1" 1 Ril "'01 E-l RllLOG't \ (11 l "Il 6 Nll\Cmbcr Deccmbcr 1987 P\Jbilshed by Professlonal Publications. Inc ChlppeWI Falls WI Ail n,hts. ('e$C1'Vod 



Lelt MedIan Nerve Rlght Med/an Nerve 
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FI~lIre 1 l/ltlcased l<llenl lei IIJ .V/f) <J/ld P22 1I0/lllllù:eci 1111 IlIhlt'qllt'I/III'llllI~ <i' 2 1111" 111/1/11/1//1 (1'1 

rel red <l~e 

Methods 

Healthy newboms wmpnsed the control group Controll "'ere bom Jt 
lerm (37-42 wee~ concepuon.u age) Wllh Apgdr score~ of 3-10 at 5 
mm. blnh welghts dppropnare for gestatlonal .Ige. dnd no pennatJI com

phcallolls Patlent\ "'ere selected trom three grOUP\ Jt m'" tor 

neurodevelupmentdl ,equelat: ...s a result ot Jno\l,-I>Chemll IOIUf! The 
group, mcluded a\phv\lated Intant, ,mdll-tor-gc;tJllOndl-Jge mtJJ11> 

or very low-btrth welght ne .... bom~ Intant~ ",en: lDmldcreu to be -C,

phvxlJted If the Apgdr \LOre .. li 5 mm "'~ S 7 J'Id/or po;ltlve pre,>,ure 

venulauon was re4U1red for .lt ledst ::; mIn PJllent\ ",uh good -\pgJr 
scores who h..ld dInllJI hl\IOne\ ,ugge,lIve ot J,phY\13 Il e 2 ut the 

followmg mlrap..lnUm Imtor: sugge\lI~e of J\phV\IJ dllll,JI \\nurome 

ll1 the first \l.ed.. 01 ltfe computed tOlllOgrJphl [CT] COlllP,1I1bk v,[lh 

hypO\IC chang:e~) .Ibo were Included In [hl\ group The 'en low-btrth 
"'elght group con~l\[ed ot pretenn wt .. mt, \1. ho hJU blnh \\elght~ < 1 SOI 
gm \et appropn.lte tor ge\tJtwnJI Jt;<' Small-lor-ge'l.J.lIOnJI-Jge mtants 

Incluueu tho\C "'lth btnh \l.elghr, ~Iow the 3rd peru::ntlk for ge~tJtIOn

al age 
Controb md pdtlenr~ \l.ere te'l~d 10 the ne\\bom penod 137-+4 \l.ee,,", 

cùncepllonal ..Ige) \\ uh .\BR and SSER Evo"etl re'pon;,:, ",ere 

repeated dt ~-J month, mu 6-7 month~ corrc,ted .Ige SSER tïndtng' ln 

the 34 hlgh-m'" newbom, .J.re pre\enred In thlS repon [n mder to deter
mtne the preulcme vJlue of e\'o"ed re'pùn;e, lontrol, Jnd patIent, 

Left Median Nerve 

"'ere eumllled for neurodevelopmentJI \t.ltu,.11 l 'c,u lorreLtul ,Ige h~ 
J neurologl>l Jnd p\Hhologl\t unJ"JfC ot e..l<..f] pJllelll\ \t..ltu, 

SSER Tt.'I11/1~ Control, Jnd pdllenr, \\erc te,ted III ,1 qUiet lOom.IlOlle 

ut tfJcm "'JI te,ted ln Ih,! NICU Nellbon1\ generallv I\erc etthertlnm" 
or a!>leep dunng te,ung [nlm!', \I,-,e rClc"cU \\ hile the, "erc J",lke 

-\n eleunc.lI '4u.lle WJve puhe \\JI dcll~ercu tll eJdl me dl .ln nerve 
u~tng an mtJnt \tlmulJllng de<..trodc Jt J rdte "I 4 Il, ,Illd dur,UItIIl ot 

200 Woel \\uh .In mten\uv \uttïLiel1l tn produLe.l ltlHIIITt.1l thumbt\\lllh 
Gold LUp eleurodc, v.erc pl.Kcd JI E:P o\er III ,mu 2 llll be/II nu (', 

Jnd Col 1.1' uetined hl t,lC 10-20 \yltCInI eleltn.le, wcrc retercllLed tn 

~l Fllter> \Icre ,et Jt \0-) OUO H, ,U1d Input "',h ,1Inpltfied IIW)(Xllh 

Re'pome, numbermg 512 "'ere ,IICrJbeJ .. Il IC,hl I\\ILC tn en,ure 
reproduclblhty ot the "'JVdOml\ T\\ll trt..!h .... crc 'lIpcnmpo-.etl on the 

~-: piotter \b,olutc Jn.j Il1tcn- .. l'e I,Henue, ,)! EP. 'JI J. N Il) .Inti 1'22 
were mea,ureu by 2 mUlvldu..l[, IlHlcpcmlentlv 

Results 

Eighleen healthy control newbom., \\ere le\led bclween 
37 - -+2 week., concepllonal age. 13 of wholll p .. lrtlt:lpalCd tn 

.tll ~ub~equent te~lIng Thlrty-tour hlgh-ml- newhom~ were 

Right Median Nerve 
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II~III" 3 FIaI, !nltJIewl pOlenl/ah INI9) Ilere onsened /II Ille newhorn pertod alld agam 011 s/lbsequelll 
1"II/11~ POfentwls al Erh \ pOl/II and {)l'er Cil "ere normal /IIdlCafln'f llO/mai IransmlSSlOn ar rool elllrl' and 
/IIlhl' d,lf<Û lt'fI"lIl' ûl {Jullm'al 

IIlcIudeo ln thl'> longltudll1al .,tuoy. 32 of whom had SSER:. 
ln the newborn penod when they were "table and able !O 

leave the NICU Te\lIng w..!\ performed a\ clo~e 10 40 
wed,., conception ,Il age a,> pm\lblc (r.mge 37- 45 weeb) 
EvoJ...eo re"poll\c" were rcpeated at 2-3 ..!nd 6-7 month~ cor
reeted age ,1" Wd'> the control group_ 

Me.ln and "Idnd.ml devlatlOn\ lor bOlh ab"olute and ln
terw.lve I,nenele., were e.,t.lblt"hed ln the control group lor 
(!,Idl .Igc k"cl ( 1 C • nc\\ born. 2 month:.. 3 month~. ,md 6-7 
Illonth,,) ln the 111.'\\ bom penod. EP .IIlÙ C2 were pI,sem ln 
,III p,lIlenh P,lfIctal potcntlolb were -:Iearly Identifiable ln 

X~(I{, 01 p,lIlent'>. 4ue"tlondble 111 6(;'c (le. \ cry 10\\

,1Inphtude. < 22 ~l \' uctlcctlOn), ,mo ..!b"ent m 9Sc Each 
control haLl.I d<:..trly reproduclble N 19 on at lea.,t one .,Ide 
ivlmlll1JI Lhange., m latenc: .lOU wavefoml morphology at 
EP and Cff \\ele ob.,erved on ~eoal te,>tlng: however. there 
\Vcre Ilhlrked ,dter,1I10n., ln the panetal potel1l1..!I. mdudlllg 
decre..t.,ed latenLlc,> ,mu wuvefonn duratlon dnd mcrea"lIlg 
,lInphtuue 171 B) 2 l11omh., com:cted ..tge. NI9 J.lway~ "".1., 
clearly Idenllll,lble bll.lIerally 

Left Median Nerve 

N19 

SSER recordmgs of the hlgh-nsk newboms were com
pared \Vith those of the contraIs and 10 of 34 had abnOirnal 
findlllgs. Flve of these JO patients hdd blrth welghts below 
1.500 gm and 6 of 10 were asphyxl..!ted premature mfants, 
Flfty percent of the premJ.ture IIlIJnts ln our study (12 
pallents) ot lugh-nsk newbom~ had SSER abnonnalttle~. 
whereas only 189c 01 the terrn hlgh-nsk newboms (22 

pallents) had JbnorrnJI recordlllg~, 01 the 10 hlgh-nsk new
borns wlth abnormal SSER.,. 7 had normal ABR IIltcrpeJk 
latenclc-; ..tnd V Il ampllludc ratlos Tv, 0 mfanh \\'Ith ~bnor

mal SSER., (1 e. !lat. bll..!teral. paner..!] pOlenual-;) and 
ABRs (I.e .. 1Il1.rea~ed IIlterpeak latencle~) were ~everely a,,
phyxlJtcd and ~uffcred ~evere neurologlc sequelae 

Tht! t)- pe'> ot dbnormalny 111 the N 19 \V .lYelonT! mcl uded 
(1) Increa~ed J.bsolute (N 19. P22) J.lld IIlterpeak \aten

cle~ (~13-NI9. occa~lOnally NI9-P22) > 25 ~[andard 
de\'IJIIOn~ ot the meun 01 the dge-rnatched control group: 

(2) Fl..tt. bllateral. panetal potenllJb. bllaterally ques-
tlOnabk N 19. or uml..!terally tl..!t potenllJIs thdt perSlSted on 
~ub~equent te~llIlg at 2 rnonths of age. 

Rlgh! Median Nerve 

N19 v~~'- 6 MONTHS ~?N19 " 

'-,,-.~ /::~\/ \~ ,.,.L;.,...Q .~~:....~ ':' 
\....,..~'.w ... ~ V""'"V--"'. 

21J~1 1 1 1 1 1 
o 25 50 0 25 50 

msec 

r11i1/l " .$ ~n 1T1UftlSed lalent \' oJ N 19 (}n Ihe ""1 slJe hecamf I/ormal by 6 months of a~f. whereas a Jlar 
"·~I'tll/rt· /l/llire n~11I S/(Ie remtlll/cd ahnormal /II/tllt'T/( \ 
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Flgllre 5 The IIl11wl SSER ri!\'I!<1led normal V 19 plll/!!lIwl. htftllt'rollv h" .... e' N, litere "0\ Jll1llel//1l~ 0/ 
the patennal 011 l/re r/l~lzt suIe <le 2 and 6 mOllClrs 0/ a~t' 

(3) A combmauon of 1 and:2 one slde flat and one ~Ide 
wlth mcreased latcncles. and. 

(4) SSER that WùS normal mllIaIly but wa, abnormal on 
~ubsequent te~tmg 

There were .+ patIent'> wlth mcreased ùb'iolute and mter
wave latenclèS (NI9, pn. NI3-N19) ln the ncwbom 
penod 2 umbterally and 2 bIlaterally All.+ patients \Vere 
a~phyxlJted prem..lture bable:-.. 3 of whom were very low
blrth welght « 1.501 gm) On sub~equent tèstmg at 2-3 
month~ of age. ail SSER; normahzed (FIg 1) Currently. 
the~e chiidren h.we mll~cle tone abnormJlilIe; .lJ1d nuld 
deveIopmcntal deIdy~. however. c1mlcdI ,t.\tus wIll be as
~e~sed at 1 yeJr corrected age 

There \Iere 3 patlenb \VIth tl.lI panet..ll potentiUb (N 19) 
ln the newborn penod 1 undaterally (FIg 2) and :2 bilaterJI
Iy (FIg 3) There Wd~ .ln JddltlonJI patient wlth questlonable 
recordlng~ bIlJter ...Illy AIl.+ p.!tIent<, demonstrJted a persI~
tenee of SSER Jbnorm,IIIlY on ,ub~equent te,>tmg The 3 
patlents wnh tl.a recordIllgs h~l\ e '>pa!>tIc quadnpare~I~ The 
chlld wlth uml,ner..ll nat reeordmgs (FIg 2) ha~ greater m
volven1t'nt on the :,.Iéle correspondmg to the tlJt re~pome 

One patIent cou Id not be te'>ted tn the newbom penod be
call~e he IV,I\ medlcally un~table and eould not Ieave the 
NICU At 2 month~ correeted Jge. however. SSER 
demonstrated J eombm,lIion of abnormdlItle~ \Vith the nght 
side (1 e . nght medwn Ilervc) bClng Ildt Jnd the Ielt ~Ide 
havmg Inclea,ed latenClt~~ At 6 month, 01 .Ige. the nght 
~Ide h..ld a recogmzJbk potentlal \Vith IllLrea~ed 1.\tenLle,>. 
where..ls the Ielt ,>Iue Wd\ wlthm normJI Itmll'> (FIg -i) 
Neurologie exammatlOI\ at 1 year of .lge uemonstrated a 
~pa~tle dlplegld greJter on the nght ~Ide 

One palle nt hJd .1 llomlai SSER lTl the nc\~bom penou 
Which beLame abn0n11JI on ~ub,>equent te~tlTlg CT per
lormed ln the lir~t weel ot I1fe d, on,>trJted a Ieft tronto
panetal mlaret SSER performed al :2 month~ ot age 
demon:-.trated J Ilattemng 01 the N 19 wavetorm on the \Ide 
correspondmg to the cvoIvmg bram IflJury Thl~ abnor-

maIay permted at 6 month~ 01 .Ige Il hen the duld aho 1I,ld 
a hemlpare~l~ (Fig 5) 

Radcologle Flfld/llgs Thlfty-two ot 34 (Mllent'> h,ld 
ultrJsound\ ,md/or CT ~C.U1~ perlormet! lfI the newhom 
penod « 4-1 weeh conceptlOnal JgeJ Ail r,ldlOlogie rllrl1'> 
\Vere re\-Iewed by a radloIogl\t retro~peel1\'cly ,>0 th.1l the 
reluuon"hlp between e.trly SSER te,>tmg ,\l1d m:uro· 
radIOlogie mve\tlgatloll,> coulcl be exploret! nie ladiOlol!I\t 
wa~ unaWJre 01 the SSER re~lllt~ when \LOflng the 
radIOlogie Inve~tJgJtlOn~ FlTldlllg\ were \Lored ,1\ 

demonstratmg 
(1) Nomla! tinJtIlg\. 
(2) -\noxlc ch..lnge~ (1 e .. nllllllllJI. moderat\!o ~evcre l. 
(3) Hemorrhage (grade III-IV). or. 
i-l) VentnculomegJly wnhout hernorrh.lge 
Tlmteen 01 32 p,menh hJU 1l0mlJ! radm!nglc tmJmg\. 

100t whom Jho h..ld norm..lI SSER n::cordlllg ... Thcre wcre 
.+ pJtIents wlth Grdcle Ill-IV hemorrhJgc. :2 had llorrn,i1 

SSERs. ,U1d ~ Iwl ..lbnOrmdlltIe~ corre~polldll1g 10 tlie '>Ide 
01 hemorrhage There were 13 InlJnh demOn\trdtJl1g 
r.\dlologlc eVluence ot .:noxlc Lhange ... Flve h.ld mlllIll1al. 
non~pectlic change .... 5 hall moderate JI10XIL Lh.\Ilge .... 11ll1 

3 hJd ~eVère anoxIC change ... Four 01 (3 duldren wilh 
.11l0\IC change\ had JbnOmlal SSER~ 

Discu~siun 

There .Ire kw rcportet! c1l1lICJI ~tudle, 01 SSlR, III 11IglI

m~ l1èwbom~ LUhLhg et al. [IXI perlomled ABR ... lIld 
SSER~on I()J~phyxlaledbdbIC\JI31l1ol1th~oIJgc AlliO 
had abnonn.ll tone dnd ncuror,ldiOloglL CV1ÙCI1Le ut ... CVCIC 
leu~f)malacIJ and eortIc.JI atrophy ABR, were nOlln.11 or 

~llghtly prolonged. howcver. therc were IlO LOrllLal SSER\ 
detectJble 1Il the newborn penod or ,It 3 Illonth\ 01 ,Ige. 

Hrbek et ,JI [191 n::porlet! tlM SSER ~ werc 01 luw
J.mphtuùe .Ind were JI\peN!d or J.1N.:nt 111 65'!'c, 01 57 a .. -

phyxwted newbom .. Tho\e pùtlent~ w1lh pef'>J\tent .llmor· 
mahue ... hJJ cl In 1 C..l 1 eVldence of brJl1l IIlJury 
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1 d d 20! h;~ICU -U LhIldren f.lngmg mage from 
14 uay\ lO 11 yCdr\ Ali h.ld loc.lhzed motor ueticlts. \uch 
,1\ herTlIplc!p,1 or lllonopleglJ The author<, reported that 
S~EI< Wd\ more ,Iccuralc than declroencephJlogrJphy 
ILf:(;, ln l()l,dJ/ln~ ,ll1d IJtcrJIlLlng thc IC\lOn and \ug
gc\ted thJt ,>~[:R enJ) he uo.,t:!ullll early dlJgnoo.,l~ 01 bram 
uam..lge 

I{l'lentl l'. (;orl,e i 21!lnve..,llgdteu the prognO\IIC value of 
.')S[I< ln 73 IIlld/H\ \VIth a v,metl' ot pcn- and po\t-natal 
prohlcrn\ ,Ifld IInp,lIrCu ncuroucvelopment Initial tc\(mg 
W,I\ perlormed netwccll 1-1 () mOllth, 01 ..Ige Forty-,evell 
Iflt.Ulh wlth IIllllOr pcnn,IlJI f1~h. l..Ictoro., Jnd normal 
dcvel()pllJent,IIl)UIU)me~ \Vcre cTlO\en relro\pectlvely to be 
thc lontrol group Tllere \\ cre 19 IflfJnt\ wlth \lgOlflcalltll' 
Inuea.,cd NI Il e ~ Il) pe,lJ.... 1,lteIlUe\ or ,lb\CIlCC 01 poten
tl,tl~ ,dl 01 w hOIll dl'fllOIl\tr,ltl'd h,llldIC.tp ,Itterthe tir.,t yeJr 
01 Ille (r,mge !fi ,lgC 11- ~ô l11omh\! IlJJp,lImlellt~ Illcluded 
r"'YLholllotor rct,lrd,llIoll. lerebral pdhy. ,md degenerallve 
,1Ild mel,lbolIl dl\e,I,C\ ot the LelllrJI Ilervou, \y~lem 
C;orJ....e LOflLllIded th,1l SSER 1\ v,tluJolc .1\ .In e,lrly Indlcdtar 
01 \evere motor IlIIp,lIrment l'he ,Iuthor reported that there 
wcrc tahc IlCg,1l1 Ye, ( Il)jJX) beeau~c thl" te)! eXJmlfle\ the 
.Ille/l'nt ,cll\ory p,lthw,l)' exdu'>lvely. other Jrea~ may be 
11IIr.llrcd 

ln the \tudy by Gorh.c. p.ttlent\ \~crc a,,>e,,ed becau\e of 
c,lrly CVldcllLl.! 01 Ileurologlc detlclt, The hlgh-mh. group 
Ifllluucd III,IIIY 1II1,lfIt, \VIth Jegener,ltlve dl~ea~e., ln whom 
progllmc\ ,Ile eJ\tIy prcdlcted. theretore. hlgh-mh. new
bOIll.., wllh no L1e,lr cVldence 01 brdlfl IfIJury In eJrly mt.lT1-
l y \\ crc not pdrt 01 the expenrncllt,t1 group The control 
group Incluued IIlI,l/lt, \VIth rnrnor 11\1... l.tctor\ Jlld ~hghtly 
.tbIlOf/lI,tl SSER, III mt,mly. thm. \uotle. yet \lgntllcJnt. 
clectrophY\IOlo,!!IL .tbIlOn1I,tllll';' LOuld not be evalu,lted Jfl 

Ihl'> \tudv 
III our pro ... peLlI\C ..,tudy. he,llthy and hlgh-n,!... ne\\bom~ 

ululd he lhllerelltJdteJ oy SSER te,tmg When companng 
Ihe !I/Idlllg, wlth Ihe nOllll,ltlve ddta e,t,lbll',hed If1 our 
1,lbo/.I(OIV. lIt: !oUlld Ihat SSER ,lbnof1n,tlllle, occurred If1 

,lppn)\III1,ilcly Olle-Illlrd 01 newbom, ,lt n~k tor O(~uro
uevelopmclIl,t1 ,el(ucI,le Abnorm,llttle ... Il1cIudcd Jncrea~ed 
.lb,olutc (Nil). 1>22) ,mL! Jf1terw.lvc (NU-NI9 pnmdnl)l 
1,llenCIC.,. ,1IIl! 11,11 plllenll,lh ,II one or III combl/1atlon Thc~e 
,lbIlOf1n,IIIlIC'" 1\ erc detelled Ifl the newborn penod (1 e .37-
-l-l \\ eeh., l'1)JlleplIOn,t/ .Ige) ,md were lharaetcmtlcJlly ob
'l'rveJ III ./'p/JY\I,ltcd plern,lture Inlant ... The potentlal ,It 

El> \~.1.., luenlll 1,lble III ,III patlenh. N IJ \\'1, pre,ent ,ml! 01 
nnlll1,III,I\CIIl> III ,III but one p,ltlent who h.td tl,n N IJ Jnd 
p.1f IL'I~t1 pOlcnll,t/., 1111 tl ,Illy ,lIId \\ ho demoll.,lr Jted ... e\ ere 
neurologie 1 III lM Il 1111..'111 III IlIt,UH:: 

Clllllrlll\ ,lfId p,lllent\ I\l're relc\tcd ,1\ 2 ,md 6 rnonth, 
po,tconlcpli0f1.l1 ,Ige lm cv,lIu.ltIon 01 W.lvetonn evolu
Ilnll I\lllenh whn pre\'lou,ly h.ld lflcrCJ,eU 1.1Iencle~ hau 
1I1111J1,\1 reeordlflg, 011 \Ub\cquL'IJI te\tlJ1g ,II ::!-J 1II01l1h\ of 
,lgC The.,c p,ltlelll\ ,t1\O JellJolhlr,lted rntld nelliologic 
1lI,1I11!è\ldll(1l1\ 01 br,lIn IflJury III Inlancy Thrce c1ulLlren 
\\ Jlh tl,\( pancI,t! pOll'ntlab. ,III 01 whom h,lVe ~pJ~I1C qUJd
np.lfl' ... lo.,. demono.,tr,l!cd per.,l..,tcnce ot tOI'> ,lbnonnahtv 011 
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,>ub~equent recordmgs. One child had Illcreased latencle~ 
on one '>lde and a flat response on the other; neurologlC ex
a. 'matIon at 1 year of age revealed that the chtld had :"pa~
tiC a. plegla wlth more Iflvolvement on the <;Ide correspond
Ing ta the flat porcntlal Therc was one newbom who had a 
large heml~phenc mfaret wllh a nonnal SSER lfllUally thal 
tlattened 011 re-evaluatIOn at 2 and 6 months of age. This 
re ... ult may renect the gr,ldual pathologlc changes thal oc
curred Ifl cerebr.tl tl.,.,UC tollowmg the intaret. 

cr scall!> Jlld ultrasounds were analYl.ed and scored 
blmdly by .1 neuroradlologlst ,md were found nO! to corre
late ~trongly \V!th mlttal SSER flndmgs RadlOlog1c tlnd
mg~ provlde e\ Idellce for ~tructuralleslons. whereas SSER 
.tbnormallt/e\ lfldlcate dysfulleIJon m neuronal transmls
"IOn a~ a re\ult ot bralfl IflJury, therefore. one would not ex
peet .1 perfect correlJtlOn between the,>e two diagnostic 
toob One patient demonstrated mm/mal anoxlc changes 
on CT. demonstfated .1 per!>l~tent. flal. btlateral SSER, and 
at 1 year of Jge pre~ented wllh spastlc quadnparem. Con
ver~ely, there wa'i one chtld who had profound anoxie al
terdtlOn.., on CT. had an eplleptlform EEG. and 
demon<;tr.lted mcre.t~ed rone m the fm;t few months of lIfe. 
SSER wa~ l10nnal dlld at 1 yeJr ot age the chlld had a nor
mal neurologie eXJmrnatIon Jnd Ilonnal developmental 
~eore<; Theretore. It appears that SSER may provlde lIseful 
IIItonnatIon to the clIllICI,1fl regardlllg the funetlOn.ll m
tegnty of neuronal pathwdy~ 

Prevlous ~tudle'i renorted d~~OCJatlon~ bet\Veen severe 
Ieuk.omalacla a~ weil J, developmental handicap and <.tb-
1l0mlJI SSER~ In our slt/dy, Olle-thlrd of the hlgh-mk 
lleOndtcs haLl SSER JbllOrmalltle\ III the newbom penod . 
The e\tent Jnd evolutlon of the abnormahtJe<; dppeared to 
reneCI the degree ot Jnoxle-lsc!JcmlC II1Jury ta the central 
llef\OUS :.ystemAII patlcnt~ (/ e. tho'e wlth normal or ab
Il 0 ITI1 a 1 recordlflg,» ,mJ control~ ,1re bemg evdluated eurO. 
remly dt 1 l'ear corrected age lf1 a blllld ... !Udy by ,\ 
ncurologl'>t and p~ychologl"t lor neurologie ,tdtU'> clfld 

developmental progre~,> The predlcllve value 01 SSER, 
rernJtn'> to be detemllned 111 thl~ ongolflg pro\peet/ve <;tudy 

111t: ,luthnr\ \\,I.,h 10 thJn~ Dr Eugenc OuterbJldge ,md J,m L.lfl\'lere. 

R" JOlI Ihelr ,tJlf tor Ihelr \uppon Wc Jrc e~pcllall\' gr Jtetul for the 

te,hmlJI J.,.,I.,t,lI1CC provllled bv DI,me BOlllhJrd 

Th" ,tud~ ".\., \uppllrtcd hy ,\ .,tudent,hlp trom Ihe :VIeÙI JI Re\e,\r.:h 

Cllum.lI ot C,tn.\UJ ,mL! by Ihe \lcGIII Lillverllly \-lol1lreJI Chtldren'; 
HO'pll,lIln,tllutc 
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1 
Exposure 

neonatal life 

ABSTRACT 

to hypoxie-ischemic events in fetal 

may lead to permanent brain damage 

or 

and 

subsequent 

diagnostic 

neurodevelopmental defieits. Clinical and 

tools have been somewhat helpful ln identifYlng 

an at-risk group, particularly ln those sustainlng 

significant neurologie sequelae. ln this prospeetve study, 

the prognostie signifieanee of multi-modallty evoked 

responses in high risk newborns was examin~d. A group of 

44 high risk newborns as weIl as 14 heal thy newborns were 

tested in the newborn period wi t.h audi tory brainstem (ABR) 

and somatosensory (SER) evoked responses, and these tests 

were repeated at 2 and 6 months eorrected age. A neonatal 

neurologieal exam, the Einstein Neonatal Neurobehavloral 

Assessment Scale (ENNAS) was performed as weIl. At 1 year 

corrected age, healthy and high-risk groups were assessed ln 

a bl ind fashion by a pedia tri c neurologi st and a 

psychologist ta determine neurodevelopmental outcome. 

Results show that SER abnormalities in partieular predict an 

abnormal neurologic status at 1 year of age. Abnormalltles 

that persisted or worsened correlated with severe neurologlc 

impairment whereas an abnormal SER that improved or 

normalized in infancy was associated with mild te moderate 

neurologie sequelae. Increased bralnstem conduction in the 

ABR was also associated wi th neurologie sequelae. A normal 

ABR and SER predicted normal developmental scores ln a 11 

areas as weIl as a normal neurologic outeome at 1 year with 



negative predictive powers rang1ng from 85-100%. Evoked 

response testing appears to be an important adjunct to the 

neurologie investigation of high-r isk newborns. 



.{ INTRODUCTION 

Newborns who have suffered anoxic-ischemic in jury to 

the brain as a resul t of prenatal, perinatal and/or 

postnatal complications are considered to be at "high risk" 

for neurodevelopmental sequelae. Handicaps may inelude 

motor disturbances, selzures, blindness or deafness, 
1,2 

behavior disorders, and developmental retardation. Major 

handicap is usually evident by the end of the first year of 

life, however more subtle developmental defici ts such as 

poor eye-hand coordination, learning and behavioral 

problems, and disorders of language may go undeteeted for 
3 

several years. It is important to identify infants that are 

likely to suffer neurologie sequelae so that these children 
4-5 

are followed elosely and managed effeetively. 

A variety of behavioral, neuroradiologi c and 

eleetrophysiologlc measures have been employed in this 

population ~n an effort to predict neurologie outcome. 

Recent studies have been insightful regarding the level of 

central nervous system dysfunction, particularly ln those 

infants that are ei ther severely affected or normal on 
6-10 

follow-up. Experimental models of perinatal anoxic-ischemic 

insul t as well as human neuropathologie studies have 

demonstrated that a host of brainstem, thalamic, eerebellar 

and cerebral structures sueh as the gracile and cuneate 

nuclei, the eoehlear nuelei and inferior coll icul i , the 

ventroposterior aspect of the thalamus and the pre and post 

r 
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central cortices are 

anoxie/ ischemie insul t in 

selectively 

the maturing 

vulnerable 
7,11-16 
brain. 

to 

The 

somatosensory and audi tory brainstem evoked response (SER 

and 'BR) assess the integri ty of the ascending neuraxis and 

abnormali ties in these tests may ref lect direct in jury or 

maldevelopment to structures along the sensory pathways. 

These diagnostic tools may determine the severi ty of the 
4,17-21 

insul t and may be useful elin~.::ally in moni tioring recovery. 

In a previous prospective study, the neona ta l ABR 

was found to have a high specificity and strong positive 

predicti ve power for neurologie abnormali ties at one year of 

age ln high risk newborns, however a normal ABR did not 
22 

ensure a normal outcome. The SER also eval uates structures 

rostral to the brainstem, and therefore a wider 

distribution of the central nervous system coule.! be 

evaluated uSlng both the ABR and SER. The aim of this 

study was to determine the predlctive value of mul ti

modali ty evoked responses in a group of newborns that are at 

risk for neurodevelopmental deficits. High risk newborns as 

weIl as heal thy neonates were tested in the newborn per lod 

and agaln in infancy, and evoked response flndings were 

correlated wi th neurologie and developmental outeome at one 

year corrected age. 

METHODS 

Subjects 

AlI admissions to the Montreal Children' s Hospi tal 
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neonatal intensive care unit were reviewed weekly and 

patients considered to be at risk for neurologie sequelae 

as a result of hypoxic-ischemic injury were registered into 

the study. Criteria for inclusion into the study included: 

l)very low birthweight «1501 grams 2)small for gestational 

age (below the 3rd percentile) and 3)asphyxia (Apgar of 7 or 

less at 5 minutes, > 2 minutes of positive pressure 
22 

ventilation, or clinical syndrome of asphyxia.) Newborns 

with congenital neurologie malformations or dysmorphic 

features were excluded. Patients transferred back to the 

referr1ng centers who would not be followed at this tertiary 

center were eliminated from this study. 

Controls 

A control group was obtained from a weIl-baby nursery. 

AlI newborns were 37-42 weeks gestational age, with Apgar 

scores from 8-10 at 5 minutes, and birthweights appropriate 

for gestational age. Prenatal and perinatal histories were 

unremarkable. 

Experimental design (figure 1) 

Informed consent was obtained from the parents of aIl 

subjects and controls pr10r to any testing. The protocol 

for this study was approved by the hospital's scientific 

and ethics committees. 

Evoked response testing was carried out 1n the evoked 

response laboratory for the subjects and 1n a quiet 

room adjacent to the weIl-baby nursery for the controls. 

MAJNEMER 3 



Sedation was not required. ABRs and SERs were performed 

when patients were medically stable, as close as possible ta 

40 weeks conceptional age (defined as gestational age plus 

chronological age). Control s were tested on day 2 or 3 0 f 

life. A standardized neurologie evaluation, the Elnstein 

Neonatal Neurobehavioral Assessrnent Scale (ENNAS), was also 

do ne on controls and subjects as close as possible to the 

due date. Patients that eould not be tested inelude those 

who were medically unstable at this time or those who were 

discharged prior ta testing. Sorne patients were ei ther very 

sleepy or irritable, therefore the ENNAS eould not reliably 

be done. 

Evoked responses were repeated ln infancy. In a 
22 

previous study on ABRs ln high risk newborns, any 

abnormali ties in the response ei ther normalized by 2 months 

of age or remained abnormal, wi th no further changes at 6 

months. Therefore the ABR and SER were repeated at 2 

months of age, and the SER alone was done at 6 months. At 1 

year corrected age 1 subjeets and control s were tested ln a 

blind fashion by a psychologist uSlng the Griffi ths 

Developmental Scale and by a pediatrie neurologist (BR). 

Evoked response findings as well as the ENNAS deviant score 

(defined as the nu",ber of abnorrnal items obtained out of 22) 

were correla ted wi th developmental and neurologie scores a t 

1 year of age. 
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Evoked response testing 

SERs were generally performed while the patient was 

awake and feeding, whereas the ABR was do ne while the 

infants were sleeping. In all cases, gold cup electrodes 

were appl ied wi th electrode paste and impedances were 

maintained below 5 Kohms. Trials were repeated at least 

twice to ensure waveform reproducibili ty. Recordings were 

scored by A.M. immedl.ately after testing. 

SER: 

Short latency SER studl.es were per f ormed and evalua ted 
23 

as described in a previous study. An electrical square wave 

pulse was appl ied to each rnedian nerve at a rate of 4/ sec 

and a duration of 0.2 msec. The intensi ty of stimulus was 

adjusted to produce a minimal thumb twi tch. Recording 

parameters are listed on Table 1. Results were 

to norma tl. ve da ta established in our laboratory. 

compared 

Absolute 

(NJ.9) or interwave (N13-N19) la tencies fall ing above 2.5 

standard deviations of the mean of the age-matched control 

group or an N19 peak that was 

considered to be abnormal. 

not identifiable were 

Monaural rarefaction click stimuli were applied to each 

ear individually at a rate of Il.l/sec, 

of 70 declbels hearing level (dBHL). 

and at an intensi ty 

Intensi ties were 

increased if waveforms were difficult to identify. with 

decreasing intensi ties at a rate of 31/ sec, threshold was 

establ i shed. Recording paraml~ters appear on Table 1. 
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Abnorrnalities in I-III/I-V interwave latency, VII amplitude 

ratio, as well as waveform dispersal and morphology were 
22 

identified based on previously established cri teria. 

ENNAS: 

The Einstein Neonatal Neurobehavioral Assessment Scale 

(ENNAS) is a 22 item standardized neurologie evaluation tha t 

1.S perforrned as close to 40 weeks concept1.onal age as 

possible on those subjects that can be handled easily. Thl s 

assessment requires that the patient be tested ln a qUlet. 

alert state. AIl controls were tested pr lOr to dl scharge 

from the weIl-baby nursery, whereas high risk newborns were 

tested when feasible prlor to discharge. Items were rated 

indi vidually as pass or fail based on established cr 1 -.:ena , 

and a devi ant score > 3 (4 or more items failed) was 

cons idered to be abnormal. 

Outcorne mea sures: 

The Gr i ffi ths Developmental Scale contains 5 subscores 

for locomotor, personall social, hearing and speech, eye and 

hand c:oordlnation, and reason1.ng skills. A general quotlent 

lS derived as weIl. Scores fall ing more than 2 standard 

deviations below the mean of the age-matehed control group 

were fel t to be abnormal. 

A pediatrie neurologi st examined al! subjects and 

controis and seored the exam as normal or abnorma l . In 

particular, the examiner noted developrnental milestones, 

general behavior, head circurnferenee, ref lexes , tone and 
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specifie motor disability. 

RESULTS 

Fort y-six out of 51 high risk newborns fi tting our 

cr i ter ia agreed to parti cipate in thi s prospective study 

however 2 dropped out in infancy, therefore yielding 44 

subjects (86.5% consented). 

group appear on Table 2. 

The risk facto.l..s of our study 

Nineteen control s were obtained 

for neonatal testing, and 13 participated in aIl follow-up 

assessments to 1 year of age. Thirty-eight out of 44 high 

ri sk lnfants were tested on 3 occasions wi th evoked 

responses (newborn, 2 months, 6 months), 5/44 were tested 

twi ce, and 1 pa tient was tested in the neona tal per iod only. 

Evoked responses were performed on all 
23 

controis on 

3 or 4 occasions. At 1 year corrected age, subjeets and 

controls were evaluated by a pediatrie neurologist and 

psychologist. One subject died at 4 months of age, 2 

subjects were assessed by the psychologist only and 2 more 

infants only had a neurologie examination. 

Age tested 

The mean gestational age for subjects was 36.4 weeks ± 

4.8 (25-42 week range), and for controis it was 39.2 weeks t 

1.5 (37-42 week range). Neona tai evoked responses were 

performed at 40.9 weeks coneeptional age ± 1.9 (37-45 weeks) 

in subjects and at 39.5 weeks eonceptionai age ± 1.7 (37-43 
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weeks) in controls. Although this difference 1S signlfIcant. 

there were no maturational changes assoclated with the SER 

responses from 37 to 43 weeks conceptional age. Normatlve 

data for the ABR inci uded f indings from the control group 

of this study as weIl as a previous study us lng the same 
22 

evoked response testlng parameters. The ABR measurements 

were then derived for 3 subgroups with conceptional ages of 

37-39 weeks. 40-41 wee1{s and 42-45 weeks. Theref ore ABR 

resul ts ln high risk infants were compared ta the 

appropriate age-matched normatlve data. At 1 year of age. 

neurodevelopmental assessments were carried out at 12.3 

months ±0.9 (10.1-16.0 monthsl in the high risk group and at 

12.1 months ±O. 5 (11.4-13.0 months) in the control gorup 

with no significant difference between groups. 

Test performance 

Abnormalities in the SER included 1)increased N19 peak 

latency and/or N13-N19 Interwave latency > 2.5 standard 

deviations of the mean of the control group 21unllaterally 

absent N19 peak that remained abnormal on follow-up 

3)bilaterally absent N19 peaks 4)a normal SER recordlng that 

became abnormal at 2 and 6 months. Two patIents had normal 

SERs at 2 and 6 months but missed the neonatal SER and 

therefore could not be categorlzed as normal or abnormal. 

Fifteen out of 42 subjects (35.7%) had abnormal SERs. In 

5/15, the response abnormalities persisted ta 6 Months of 

age. In these patients, N19 was either persistently absent, 
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or significantly pcolonged in latency in the newborn period 

and no longer identifiable in infancy. Ten out of 15 had 

predominantly prolonged central conduction time (i.e N13-

N19) unilaterally or bilaterally, and on serial testing, 

there was improvement and sometimes normalization of the 

recordings. 

Only 4 out of 43 subjects (9.3%) tested had abnormal I

III and/or I-V interwave latencies on the ABR. Fourteen out 

of 43 had abnormal morphology scores, 4 had abnormal VII 

amplitude ratios and 4 had abnormal dispersal ratios. In 

this cohort, the incidence of ABR abnormalities was 

considerably reduced when compared to the results in the 
22 

first prospective study on the ABR as a predictor. 

When comparing test performance ~n subjects and 

controls, t tests revealed significant differences in 

central transmission time for the SER (p< .. 05) and ABR (37-39 

week subgroup = p<.OS). The wilcoxin Rank Sum 2 sample test 

(with continuity correction of 0.5) was used to compare aIl 

ordinal scale scores (i.e. neurologie exam, ENNAS deviant 

score) and ratios (i.e. dispersal and VII amplitude ratios) 

obtained between high risk and healthy newborns. The ABR 

morphology score (p<.005), and the dispersal ratio for one 

subgroup (40-41 weeks= p<.Ol ) were found to be 

significantly different. As might be expected, neurologie 

assessment of healthy and high risk infants in the newborn 

period and at 1 year of age were significantly discrepant 
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(p<.001 and p<.05 respeetively). For the ENNAS neonatal 

neurologie exam, 13/29 subjeets (44.8%) tested had abnormal 

deviant scores, whereas aIl controls lN=!7) had nor~al 

deviant scores between 0 ar-d 3. For the neurologie exam at 1 

year, aIl eontrols had normal examinations, whereas 36% of 

high risk newborns had abnormal flndings such as spastic 

quadriplegia (N=5), spastic diplE'gla (N=6), hemiplegia (N=2) 

and micror::ephaly (N=2). Al though there were no slgniflcant 

differcnces in the subscores of the Griffiths Developmental 

Seale, the mean scores were generally lower and the 

var iation or standard devi ations were conslderably grea ter 

in the high risk infants, particularly for motor and 

reasoning skills. 

Predi~tion of outCQme 

Chi square analysis (with continuity correctlon of 0.5) 

was used to analyze relationships between the neonatal tests 

(i.e. ENNAS, ABR, SER) and neurodevelopmental outcome at 1 

year of age. Sensitivity, speciflcity and predlctive power 

of the neonatal assessments were derived as well. 

i. ENNAS 

The neonatal neurologic assessment (ENNAS) was a poor 

predietor of neurologie status at 1 year of age. 

Fur·thermore, an abnormal ENNAS deviant score did not 

eorrelate with low scores on the Grifflths Developmental 

Scale as there were many false positives. However, a normal 

score on the neonatal exam had a good negatl ve predictl ve 
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power for eaeh of the developmental subseales as weIl as the 

eumulati ve developmental score (general quotient), rang1ng 

from 75-94%. In other words, of 16 high risk newborns wi th 

normal scores on the ENNAS, most (ranging from 12-15) 

inf ants obtained normal scores ln each of the areas of 

development tested in the Griffi ths Seale. There was no 

significant relationship between ~.he ENNAS and findings on 

the ABR and SER. 

il. SER 

There was a signifieant relationship (p<. 00 1 )between 

the SER and the neurologie exam at 1 year of age (Table 3) . 

Fort y patients had SER testing and a neurologie exam at l 

year of age. Eleven ' out of 14 high risk infants wi th 

abnormal SERs had an abnormal neurologie exam a t l year 

yielding a posi tive predictive power of 79%. The 3 "false 

positives" with abnormal SERs and normal 

all had a normal SER by 2 months of age. 

neurologie exams 

AlI 3 wi th normal 

neurologie outeorne were noted to have short attention spans 

by the examiners at l year, and 2/3 had abnormal scores in 

adaptive and reasoning skills. Twenty three out of 26 

patients with normal SERs had normal neurologie exams, 

yielding a nega"\:ive predictive power of 88%. AlI 3 "false 

nega tives" had mild spastie diplegia. Sellsi ti vi ty and 

specifiei ty were 79% and 88% respectively. 

SERs were further ranked as persistently abnormal 

(persistently fIat, or abnormal recordings that became f!at 

on follûw-up), abnormal but improving on follow-up, 0::
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normal. A 3X2 chi square table (Table 4) reveals a 

significant relatlonship (p<.OOl) betweE:n the degree of SER 

abnormality and neurologie outcome at 1 year. AlI four with 

persistently abnormal SERs had slgnificant neurologlc 

sequelae ( 3 wi th spastie quadriplegia and limi ted 

developmental mi lestones, and 1 hemipl~gic infant). There 

was 1 other padent wi th a fIat SER in the neonatal period 

and at 2 months of age. Thl s ehild was severely delayed 

with poor suck and swallow and spastie quadriparesis, and 

she subsequently died at 4 months of age. Seven out of 10 

infants wi th milder abno:cmali ties on the SER had neurologie 

def.ieits at 1 year. Neurologie abnormalities included 

mierocephaly and mild hypertonia (spastic quadriplegia, 

spastic diplegia or hemiplegia). The evolution of aIl SER 

abnormalities and the subsequent neurodevelopmental findings 

at 1 year are outlined for each patient in T~ble 5. 

The relationship between the SER and developmental 

scores at 1 year was less consistent. However, there was a 

significant correlation betwe~n a persistently abnormal SER 

and the loeomotor score (P<.005), as 3/4 had abnormal gross 

motor scores whereas the 4th had a borderline score 

Furthermore, a normal SER or one that was abnormal inl tlally 

but improved on follow-up was compatible wlth 

locomotor scores in 32/36 patients. 

normal 

The analysis reveals that a normal SER had a good 

negati ve predictive power for gross motor development (93%), 
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personal /social skills (96%), speech and hearing (89%) , 

fine motor coordination (96%), and for the overall 

developmental quotient or GQ (93%). Therefore a normal SER 

in infaney predicted no~mal overall developmental status at 

1 year of age. 

111. ABR 

The frequeney 

signifieantly (>50%) 

previous study on 

of ABR abnormali ties deereased 

ln this eohort when eompared to the 
22 

ABR. the predictive value of the 

Furthermore, 1 or 2 false positives made it difficult to 

demonstrate a signifieant relationship between the ABR 

findings and the outcome measures. Nonetheless, 

abnormalities ln I-III/I-V interwave lateney were assoeiated 

wlth neurologie deficits at 1 year of age. Three out of 

four with inereased brainstem conduction had abnormal 

neurologic exams. Three out of 4 had developmental deficits 

in several areas, and 2/4 were noted to have low attention 

spans. There were 3 more subjects wjth borderline brainstem 

conduction times, and aIl 3 had abnormal neurologie exams at 

1 year as weIl. Therefore, interwave abnormalities best 

predicted neurologie sequelae at 1 year of age. 

lV. muJti-modality evoked responses (ABR and SER) 

Evoked responses were first classified as normal if 

both tests were normal, or abnormal if the SER or ABR had 

any abnormal features (i.e. SER: increased latencies or fIat 

response, ABR: increased conduction time, or abnormal 
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l morphology, dispersal or VII amplitude ratio). Analysis 

revealed a relationship between evoked response findings and 

each of the developmental subscores. Normal evoked 

responses had a negative predictive power and sensitivity of 

100% for personal/social Skllls, speech and hearing, fine 

motor coordination, and the overall general 

quotient.Negative predictive power for locomotor development 

and adaptive and reasoning skills were 92% and 85% 

respectively. Therefore a normal ABR (i.e. conduction time 

and waveform amplitude and morphology) and SER were 

predictive of normal developmental scores ln aIl areas. A 

similar trend was seen when categorizing ABR abnormalities 

to include increased interwave latencies only. 

By classifying an ABR and SER as normal if waveforms 

were present and of normal latency (therefore not lncluding 

amplitude ratios or morphology of waveforms), multl-modallty 

evoked responses were found to be predictive of neurologlc 

status at l year of age (Table 6) with a positive predictive 

power and specificity of 75% and 85%, and a negative 

predictive power and sensitivity of 92% AND 86% respectively 

(p<.OOl). Therefore normal evoked responses (i.e ABR and 

SER) were associated with a normal neurologic outcome at 1 

year with little exception. Both infants with normal evoked 

responses and neurologie sequelae had mlld spastlc dlplegla. 

In fact, l of the 2 had a borderline I-V Interwave latency 

on the ABR. Abnormal multi-modality evoked responses 
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predicted neurologie impairment as weIl. 

DISCUSSION 

Animal models of hypoxic-isehemie insult have 

demonstrated that there are characteristic patterns of 

injury to specifie brainstem, cerebellar, thalamic and 

cortical structures. Human neuropathologie studies have 

shown that the coehlear nuelei, superior olives, and 

inferior colliculi (auditory pathway), and the gracile and 

cuneate nuclei, ventroposterior aspect of the thalamus, and 

parietal cortex (dorsal column- medial lemniscal pathway) 
13-16,24-25 

are selectively vulnerable regions. Evoked potentials 

performed on animaIs following periods of hypoxia or 

ischemia show that the ABR and SER components are altered 

significantly ln amplitude and latency by hypoxic ischemic 

events. The more rostral structures (i.e. generators of N19 

in the SER) were most vulnerable to ischemia. 

Abnormalities in the ABR and SER appear to reflect the 
17,26-28 

extent and evolution of the resultant lesion. 

The integrity of the maturing central nervous system may 

be compromised by a multitude of prenatal and perinatal 

circumstances. The subsequent neurodevelopmental outcome 

ln the individual child is often difficult to accurately 
25 

predict early in life. Evoked potential studies evaluate 

the functional integrity of the ascending neuraX1S, and may 

therefore prove ta be a useful prognostic tool. 
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Studies have shown that evoked 
29-30 

prognostic utility for comatose patients. 

responses have 

Evoked response 

abnormalities are common ln graduates of the neonatal 

intensive care unit, and these findings may reflect injury 
4,31-35 

to the maturing brain. 

There has been a growing interest in evoked responses 

as prognostic tools in high risk newborns. Hecox & Cone 

(6) investigated the prognostic importance of the ABR ln 

asphyxiated newborns and infants and found that aIl patients 

with abnormal ViI amplitude ratios died or were spastic 

quadriparetic as a result of the asphyxia. However a normal 

ABR did not ensure a normal outcome. stockard et al (36) 

reported that the prognostic power of the ABR increases if 

the test is done closer to discharge from the neonatal unit. 

Infant~ with absent or significanty depressed peaks were 

severely neurologically impaired on follow-up. Most 

patients with increased brainstem conduct1on time had 

neurologie sequelae as weIl. 

Visual evoked responses (VER) ln newborns are 

technically more difficult to perform and waveforrns are more 

variable and more difficult to interpret rellably. In one 

study, an abnormai VER that persisted for more than 2 weeks 
37 

was associated with an abnormai outcorne. Whyte et al 

(38) have shown that seriaI VERs in asphyxiated full term 

infants were predictive of clinical status at 6 months of 

age. 

There has been recent interest in the predictive value 
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of the SER in high risk newborns. Gorke examined 73 infants 

with a variety of neuromotor problems in infancy. AlI 19 

infants with significantly increased latencies or absent 

peaks demonstrated handicap after the first year. There 

were false negatives, however it should be noted that the 

control group included patients with minor risk factors and 

slightly abnormal SERs therefore the predictive value of 

subtle although significant abnormalities could not be 
39 

determined. 

Wlilis et al (40) studied 10 asphyxiated term newborns 

serially ln infancy using the SER. Patients were assessed 

blindly by a psychologist and neurologist at a mean age of 

20 months. Results showed excellent correlation between SER 

findings and outcome. AlI 6 patients with increased 

latencies of N19 or absent parietal peaks had neurologie 

sequelae, whereas the 4 patients with 2 or more normal SERs 

had a normal neurologie outcome. Further studies on a 

larger cohort are needed to confirm these findings. 

Thirty premature infants with abnormal cranial 

ultrasounds were assessed with SER by Klimach & Cooke (41) 

at a mean conceptional age of 35 weeks. Twenty-five out of 

30 were followed between 6-16 months of age: follow-up 

assessments were performed on half, and information was 

derived by questionnaire for 10 patients. AlI with normal 

SERs were normal so far ln spite of parenchymal lesions 

picked up on ultrasound. Four patients with abnormal SER 
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corresponding to the side of the parenchymal lesion had 

clinieal evidenee of hemiplegia. Those followed with 

bilateral SER abnormalities had developmental deficlts and 

6/7 had neurologic findings as weIl. In contrast wlth the 

prevlous 2 studies, the negative predictive power for 

cerebral paIsy or developmental delay was 100%, as there 

were no false negatives. 

follow-up assessment 

However, thls study had dIverse 

measures that were performed at 

variable ages. Furthermore, measures of outeome were not 

performed in a blind fashion. The advantage of this study 

was that SER testing was carried out in the newborn period. 

willis et al (42) reeently evaluated the predictive 

value of t~le SER ln 39 premature infants Wl th 

periventricular hemorrhage. As in thelr previous study on 

term newborns, they elected not to test infants ln the 

newborn period as waveforms are more difficult to 

interpret. Neurologie and developmental evaluations were 

performed ln a blind fashion at a mean age of 22 months 

corrected age. AlI 15 with abnormal SERs at least on one 

occasion had abnormal Bayley Motor Scores, and 14/15 had 

severe neurologie sequelae. However, a normal SER dld not 

ensure a normal outcome. SER abnormalities dId not 

lateralize with the side of the hemorrhage. 

Methodologieal problems in the studles reported to date 

include inadequate normative data, non-speciflc t~stlng ages 

or testing procedures, and no unbiased assessment of 

outcome. ~O,4~Studies by willlS et 
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al were weil designed and yielded important information 

regarding the predictive power of the SER. Fa1se negatives 

were a problem, however they may have been diminished if SER 

testing were carried out in the newborn period. Results of 

our study indicated that several high risk newborns had 

abnormal SERs initially that normalized by 2 months of age, 

and subsequently demonstrated mild to moderate 

neurodevelopmental handicap at 1 year of age. 

In a previouR study ln our laboratory, the 

ABR performed in the newborn period had a strong positive 

predictive power and high specificity for neuromotor status 

at l year corrected age. Therefore an abnorma1 ABR 

predicted neurologie abnormalities and gross motor delay at 

l year. However there were false negatives, as a normal ABR 

did not ensure a normal outcome. Therefore the ABR appears 

to be sensitive to one pattern of in jury involving the 

auditory relay nuclei as weIl as other structures ln the 
22 

nervous system. 

To Improve the sensitivity of evoked potentials as a 

prognostic tool for high rlsk newborns, the SER was 

performed together with the ABR so that brainstem as weIl as 

more rostral regions of the neuraxis could be evaluated 

simultaneously. The results of this study show that: 

1. An abnormal SER predicts neurologie impairment at l year 

corrected age. 
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2. The degree of SER abnormality reflects the degree of 

neurologic impairment. 

3. A normal SER predicts normal developmental scores at 1 

year. 

4. Abnormal brainstem conduction (ABR) correlates with 

neurologic sequelae. 

5. Normal multi-modality evoked responses (normal ABR and 

SER) are strongly associated with normal developmental 

scores with little exception. 

6. Normal central conduction time (ABR and SER) predicts 

normal neurologic outcome at 1 year of age. 

At present, it is difficult to accurately predlct 

before the first year the presence and extent of neurologic 

handicap in newborns at risk. The results of this study 

show that evoked responses are a useful adjunct to the 

clinical and neuroradiologic investigation of newborns at 

risk for neurodevelopmental sequelae. This study 

emphasizes the importance of seriaI evoked response testing 

~n infancy, as the maturational changes early in life appear 

to reflect the evolution and extent of brain in jury. False 

negatives, 

appear to 

modality 

which have been a problem for previous studies, 

be diminished significantIy by using muIti

responses and by testing in the newborn period as 

weIl as in infancy. 
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In summary, multi-modality evoked responses are 

excellent predictors of neuromotor status at J year of age 

ln high risk newborns. Further follow-up of these children 

to school-age would be of interest in determining the 

prognostic value of these tests on language, learning and 

behavioral performance. 
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Figure l 

Exper imenta l design. 

Table l 

Reeording parameters for evoked response testing 

Table 2 

Neurodevelopmental risk factors for aU newborns 

Table 3 

2 X 2 table of SER and neurologie status at one year 

Table 4 

3 X 2 table of the degree of SER abnormal i ty and neurologi c 
status at one year 

Table 5 

The evolution of aIl SER abnormalities and subsequent 
neurodeveloprnental findings. 

Table 6 

2 X 2 table of mul ti -modali ty evoked responses and 
neurologie status at cne year. 
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Recording Parameters 

Test Montage Amplification Filter Setting Sweep 
(Hz) (msec) 
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SER Fz-EP 100,000x 30-3000 50 

Fz-CII 
Fz-C'c 

~.,- ............... _ ......... c __ '<~ ......... _ ,... _ .... ~'" .~~ - . 

Vertical #Responsesl 
Scale Trial 

x16 1024 

x4 512 

........ ~.t"<~~ ....... .....,...~ 

-; 
:n 
(1J 
r rra . 
..... 



-.. ~. 

Neurodevelopmental Risk Factors 

Birth No Asphyxia Asphyxia Total 
Weight (g) Asphyxia (Preterm) (Full Term) 

AGA >1500 19* 5 28 52 

AGA <1501 1 6 0 7 

SGA 2 1 1 4 

Total 22 12 29 63 

--t 
*Control group 
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2x2 Table of SER and Neurological 
Status at 1 Vear 

Neurological SEA SER 
Examination Abnormal Normal Total 

Abnormal 11 3 14 

Normal 3 23 26 

Total 14 26 40 

p<.OO1 
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3x2 Table of Seriai SER and Neurological 
Status at 1 Vear 

SER SER SER 
Neurologieal Abnormal Abnormal Normal Total 
Examination Persistent Improving 

Abnormal 4 7 3 14 

Normal 0 3 23 26 

Total 4 10 26 40 

p<.OO1 
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-3ER Abnormalltles and Neurodevelopmental Qutcome 

SER (Parietal Potenlials) Qutcome 
------ ------~----- -----.--. ---~- - - - -- --

Patient Oevel. 
Risk Initial 2 Months 6 Months Neurologie Exam Scores Â 

Factors «2SD) 

1. Persistent/Worsening Responses 
--- - -------------

1 Asphyxia AbsentN19 -. Absent N19 SpaStlC quadnplegla Untestable 
(Full Term) bllaterally bilaterally 

-------------- - - - -- - - -
2 Asphyxia' AbsentN19 Absent N19 Deceased SpaStlc quadnplegla. --

(Full Term) bllaterally bllalerally No developmental mllestones. 
Dled at 4 months 
AspiratIOn pneumoma 

-- --
3 Asphyxia ÎN19. N13·N19 ÎN19,N13·N19 Absent N19 Spastlc quadnplegla Untestable 

(Full Term) bllaterally bllaterally bllaterally 
-- ---------- -----

4. Asphyxia AbsentN19 ?peaks, Î Absent N19 Double hemlplegla R»L Global 
(Premature) unrlaterally (R) latencles (R) unrlaterally (R) delay 
VLBW 

---------
5 Asphyxia Normal ?peaks, Î Absent N19 Rlght hemlplegla Normal 

(Full Term) latencles (R) unrlaterally (R) 

Il. Improving/Normalizing Responses 
~------ -------

6. Asphyxia - Absent N19 (R) ÎN19. N13·N19 Spastrc dlplegia >R E,GO 
(Premature) Not stable ÎN19,N13-N19 (R), 
SGA medlcally (l) Normal (l) 

7. Asphyxia ÎN19,N13·N19 Nonmal Normal Mlld spas~c dlplegla Normal 
(Premature) (R) (iN19·P22,R) 
VlBW 

-
S Asphyxia ÎN19, N13 N19 Normal Normal Normal E.GO 

(Premature) (L) HyperactIVe 
VlBW 

.-------------
9. Asphyxia ÎN19, N13·N19 Normal Normal Normal E 

(Premature) bllaterally Hyperacbve Hyperachve 
VlBW 

----- - --
ID Asphyxia ÎN19, N13·N19 Nonmal Normal Mlld spasbc dlplegla>R B.C.E 

(Premature) bllaterally HyperactIVe HyperactIVe 

-------------
11. Asphyxia AbsentN19 Normal Normal Mlld spasbc quadrrplegla. --

(Premature) brlaterally Macrocephaly shunted, 
Motor delay 

.- ------------ -- --- ---

12 Asphyxia ÎN19, N13·N19 Normal Normal Normal Normal 
(Full Term) (l) (N19 P22,l) Hyperac~ve 

-------- - --~ ---- --
13. Asphyxia ?peaks (R), i N13-N19 Normal Mlld rrght hemlplegla Normal 

(Full Term) Îlatencies bllaterally Leh 
bllaterally preference 

-- ---------- - - --- -

14. SGA ÎN19, N13 N19 ?peaks (R) Normal Mlcrocephaly A, B,C,E. 
(A) (iN19 P22, l) (ÎN19·P22, R) GO 

- -- ---------- - - --- ---

15 Asphyxia Absent(l) l·ncrmal L·ncrmal Mlcrocephaly. A 
(Full Term) ?peaks (R) ?peaks (R) R unco-op Deaf 

Â Developmental scores' A Locomotor. B PersonaVsoclal. C SpeecMlearrng. D' Eye hand co-ordlna!lon, 
E AdaptIVe & reasonrng skills, GO General quobent 

t Patient died ln Infancy. therelore was not Included ln ctJ square tables 
t Increased latencles 
? Oues!lonable, low amplitude peaks 
R Rlght, l len (medlan nerve snmulated) 

TABLE 5 
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2x2 Table of Multi-Modality Evoked Responses and 
Neurological Status at 1 Year 

Neurologieal 

Examination 

Abnormal 

Normal 

Total 

ASR and SER 

Abnormal* Normal 

12 

4 

16 

2 

22 

24 

Total 

14 

26 

40 

* Abnormal SER and/or increased brainstem conduction in ASR 
p<.001 
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SUMMARY 

Studies examlning the clinical utility of evoked 

responses ln pediatries have focused primarily on the ABR, 

particularly when considering the possible applications to 

newborns and young in~ants. There has been growing interest 

in exploring the ~otential value of utilizing SER as a 

diagnostic test for a number of clinical conditions. The 

DISCUSSION will summarize the literature on the maturational 

changes that characterize the SER in healthy newborns and 

children. Findings in high risk newborns will be described 

as weIl. The rationale for using multi-modality evoked 

responses as predictors of out come and the eurrent 

literature on auditory, visual and somatosensory evoked 

potentials as prognostic tests in high risk newborns are 

presented. The results of the studies that comprlse this 

thesis are reviewed in light of the existing literature. 
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SOMATOSENSORY EVOKED RESPONSES (SER) IN HEALTHY AND HIGH 

RI SK NEWBORNS 

i. ) SERs in children: developmental changes 

There have been several studies, particularly ln the 

mid-8Q , s, describing the maturational changes that are 

characteristic of somatosensory evoked responses (SER) in 

children. Generally the median nerve is stimulated (Bartel 

et al, 1987; Hashimoto et al, 1983; Lauffer & Wenzel, 1986: 

Luders, 1970; Nishimura et al, 1986; SI tzoglou & Fotiou, 

1985), however SER followlng e1ectrlcal stimulation of the 

posterior tibial nerve has been described in children as 

weIl (Cadilhac et al, 1985; Gllmore et al, 1985; Zhu et al, 

1986) . Cracco and Cracco (1982) reported on spInal SER 

recordings wi th surface electrodes placed along the splne. 

A variety of stlmu1ating and recordlng parameters are 

described ln the literature and waveform nomenclatures are 

inconsistent. For examp1e, the cortIcal potentia1 generated 

over the contralateral parietal scalp following median nerve 

stimulation is referred to as NI, N19 or N20. The posItive 

peak immediately following this negatl ve def lectlon lS 

label1ed as Pl, P22 or P25. Furthermore these studies 

vary widely ln the number of subjects tested (up to 90) 

and the age group studied. Several studies look at a range 

of ages beginning at a few days of life to mid-chi ldhood or 

adolescence (Bartel et al, 1987; Cadilhac et al, 1985 ; 

Gi Imore et al, 1985; Hashimoto et al, 1983; Lauf fer & 
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Wenzel, 1986; Nishirnura et al, 1986; si tzoglou & Fotiou, 

1985; Zhu et al, 1986), whereas earlier studies delineate 

primarily SER findings in adul ts and the elderly (Dorfman & 

Bosley, 1979; Hume et al, 1982; Luders, 1970). 

Despi te the lack of rnethodological standardization ln 

the litera ture on SERs ln chi ldren and adul ts , the 

conclusions are qui te similar. The peripheral potentials 

mature before c,:ntral potentials, and the upper extremi ty 

matures before the lower extremi ty. Therefore upper 

extremi ty recordings are more constant and reliable in 

young infants, and the potentials generated over the 

brachial plexus and cervical spine are more easily 

identifiable ln newborns than the parietal potentials 

(Cadilhac et al, 1985; Zhu et al, 1986). Absolute latencies 

of N19 (also referred to as N20, NI) decrease with 

increasing age until about 2-5 years, then the latencies 

increase wi th increasing body length (Bartel et al, 1987; 

Cadilhac et al, 1985; Hashimoto et al, 1983; Zhu et al, 

1986). From adolescence to adulthood there is little change 

~n absolute latencies of parietal potentials (Hume et al, 

1982). Central conduction time can be estimated by 

measur~ng the interwave latency between N13 (cervical 

potential) and N19 parietal potential) . Central 

conduction time decreases as a function of increasing age, 

particularly in early childhood (Bartel et al, 1987; 

si tzoglou & Fotiou, 1985) wi th adul t values obtained at 

about 8-10 years (Hashimoto et al, 1983; Lauffer & Wenzel, 
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1986; Tomita et al, 1986) and then Increases abruptly 

between the fifth and sixth decades whereupon it stabilizes 

(Dorfman & Bosley, 1979; Hume et al, 1982). Zhu et al 

(1986) found that the difference between the onset and peak 

latencies which is referred to as the ascending time uf the 

parietal potential consistently decreases wlth advanclng 

age. Therefore, there lS an inverse relationship between 

waveform duration and age (Cadllhac et al, 1985). 

Amplitude and morpho1ogy of the SER waveforms show less 

clearcut correlation with age, however the amplItude of 

parietal potentials generally follow a U-shaped curve with 

amplitudes decreasing between early (10-30) and mld

adulthood (40's) (Cadilhac et al, 1985; Hume et al, 1982; 

Luders, 1970). SER recordings following stimulation of the 

posterior tibial or peroneal nerve produce responses that 

are more variable ln morphology and latency, partlcularly ln 

the younger age groups (Cadi1hac et al, 1985), and the 

relationship between age and height are less weIl defined 

(Gilmore et al, 1985). 

In 

children 

summary, 

inc1ude 

the developmental changes 

progressive shortening 

ln 

of 

SERs ln 

central 

conduction time and en1argement of amplitude of potentials 

generated over parietal scalp. These maturational changes 

likely reflect myelination and increased synaptlc 

efficiency and synchrony of firing of the ascending 

somatosensory pathways (Lauffer & Wenzel, 1986, Sitzoglou & 

Fotiou, 1985; Tomita et al, 1986). SERs in children provide 
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a unlque opportunity to evaluate objectively both peripheral 

and central sensory pathways, and may be used as an index of 

cerebral maturation (Bartel et al, 1987; Nishimura et al, 

1986). 

ii.) SERs in newborn~ 

At present, there are few reported clinical studies of 

SERs ln neonates. Stimulating and recording parameters are 

highly variable (i.e. nerve stimulated, type of stimulus, 

rate and number of stlmulations, montage), therefore it is 

difficult to compare normative data between laboratories. 

Djfferent waveforms (both short and long latency) have been 

identified, using a variety of nomenclatures (Desmedt & 

Manil, 1970; Hrbek et al, 1973; Pratt et al, 1981; willis et 

al, 1984). SER recordings ln newborns are usually 

elicited following stimulation of the median nerve. The 

advantage of using an electrical stimulus is that threshold 

is readily and objectively determined by the production of 

a muscle twitch (willis et al, 1984). More recently, 

investigators have looked at SER following bilateral 

electrical stimulation of the posterior tibial nerve or the 

peroneal nerve (Cullity et al, 1976; Gilmore et al, 1987). 

Peripheral responses are readily identlflable however P55 

(the parletal potential from lower extremity stimulation) 

has variable presence dnd latency in the newborn (Gilmore et 

al, 1987). Mechanical stimulators such as a moving coil 

vibrator or tendon tapping have been of limited value ln 
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newborns as it lS difficult to identify parietal potentials, 

however this approach may have potential value ln the 

identification of peripheral nerve lesions (Hrbek et al, 

1969; Pratt et al, 1981). 

A peripheral potential lS important to obtain as its 

presence ensures that an adequate stimulus has been applied 

to the perlpheral nerve and it further demonstrates an 

intact pathway distal to root entry into the spinal cord 

(Klimach & Cooke, 1988a). The potentials generated at 

Erb's point (or popliteal fossa) and over the cervical 

vertebrae (or lumbar vertebrae) are readily identifiable and 

are reliably obtained in all newborns (Gilmore et al, 1987; 

Laureau et al, 1988). It is genera11y agreed that the 

parietal scalp contralateral to the stimulated nerve is the 

best scalp derivation however many other montages are used 

as weIl (wi llis et al, 1984 ). The parietal potential (NI, 

N19 or N20) in newborns is generally of very low amplitude 

and dispersed (Klimach & Cooke, 1988a; Laureau et al, 1988; 

willis et al, 1984) . It lS occaslona11y not detectable in 

healthy newborns (detected ln 50%: Blair 1971; 2/3: willls 

et al 1984; 85%: Laureau et al 1988; 90%: K11mach & Cooke 

1988a) . 

Severa1 of the ear1ier investigations on SERs ln 

newborns described the large slow negative response seen ln 

the long latency SER. The early cortical components appear 

to be more prominent in wakefulness or irregular s12ep 

whereas the later components are larger with regular sleep 
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(Hrbek et al, 1969) . Maturational changes of the 

somatosensory pathway in infancy have been described ln 

several studies following electrical stimulation of the 

median nerve primarily ( Blair, 1971; Cullity et al, 1976; 

Desmedt & Manil, 1970; Hrbek et al, 1968; Hrbek et al, 1973; 

Klimach & Cooke, 1988a; Laureau et al, 1988; Pratt et al, 

1981; willis et al, 1984). These studies show that with 

increasing age, absolute and interwave latencies decrease 

and amplitudes increase. 

In the first article presented ln this thesis, "a 

longitudinal study of short latency somatosensory evoked 

responses ln healthy newborns and infants" , an easy and 

reliable method of performing SERs ln infants was 

delineated. We studied 18 healthy full term newborns ln the 

first week of life, with gestational ages ranglng from 37 to 

42 weeks. Serial testlng at 2-3 months and 6-7 months of 

age was carried out to determine the maturational changes of 

the SER in infancy. Stimulating and recording techniques 

were similar to those described by willis et al (1984), as 

the responses were reliable and readily reproducible uS1ng 

this approach, Parietal potentials were clearly 

identifiable ln the majority (85%) of newborns which 

contrasted with find1ngs by Blair (1971) and willis et al 

(1984) where potentials were obtained in 50% and 2/3 of 

cases respectively. Our findings are comparable to those of 

Klimach & Cooke (1988a) who report that 90% of newborns had 

identifiable N19 peaks. 
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In our study, 

effects of state 

we attempted to control for the possible 

of consciousness on the parietal 

potentials. Newborns were tested when drowsy or asleep and 

infants were tested when awake. Infants who fell asleep 

during testing demonstrated a decrease in the amplitude of 

the N19 peak as weIl as a slight prolongation of the P22 

latency. These alteratlons in waveform morphology during 

sleep recordings reinforce previous reports by Hrbek et al 

(1969) and Desmedt & Manil (1970). 

Relative amplitudes or amplitude ratios between N13 and 

NI9 as weIl as dispersal ratios (height of the waveform 

divided by its base) were established to quantify 

morphological characteristics of the N19-P22 waveform. 

Dramatic changes 1n these ratios were noted between the 

neonatal period and 2 months of age, reflecting slgnlflcant 

maturational changes in the central nervous system ln early 

infancy. These rapid changes in the ratio values resulted 

from an increase ln amplitude of N19 as weIl as a markedly 

diminished duration and dispersal of the waveform. 

The peripheral Erb's point potential (EP) as weIl as 

NI3 (generated over CIl) were clearly identifIable in aIl 

newborns tested, and the latencies decreased marglnally ln 

infancy. In contrast, the parietal potential decreased 

significantly in latency and variablilty over the first 6 

months of life, and was more easily recognizable, being of 

larger amplitude and shorter duration. These findings likely 

reflect progressIve myelination and increased synaptic 
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efficiency predominantly ~n the central sensory pathway. 

These maturationa1 changes para11e1 the findings of 

histopathologic investigations of the immature nervous 

system (Gilles et al, 1983; Yakovlev & Lecours, 1967). 

In the second article: "the effect of gestational age 

on the short 1atency somatosensory evoked response performed 

at term" , we hoped to establish that normative data from 

healthy full term infants can be applied clinically to 

premature infants tested at term. The literature clearly 

demonstrates that latency measurements for the ABR decrease 

as a functlon of conceptional age (defined as gestational 

age plus postnatal age), and that developmental changes in 

conduction are independent of intrauterine or extrauterine 

environment (Fawer & Dubowitz, 1982; Krumholz et al, 1985' 

Salamy, 1984) . This has been chal1enged primarily by 

behaviora1 studies that contend that neurologie development 

may be accelerated by early exposure to the extrauterine 

environment (Amiel Tison, 1980; Gilmore et al, 1987; Gould 

et al. 1972). Therefore we tested 9 low risk premature 

infants at term (37-42 weeks conceptional age) with the 

SER and compared their flndings with those of healthy full 

term infants. The results clearly indicate that both ABR 

and SER latency measurements were similar for lnfants 

matched for conceptional age, whereas conduction tlme was 

signi f icantly discrepant for infants matched for 

chronological age. Furthermore, visual inspection of the 

SER parietal potential in premature and full term infants 
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demonstrates that infants of similar conceptional age have 

remarkably similar morphologie characteristics. Therefore 

the rate of myelinat10n appears to be independent of 

premature birth (i.e early extrauterine exposure). 

iii.) SERs in high risk newborns 

The SER js becorning increasingly recognized as a useful 

diagnostic tool in newborns. This noninvasive test examines 

the peripheral and central ascending pathways, and lS 

especially 

examination 

unreliable. 

useful in young children, where clinical 

of the sensory system lS difficult and often 

This technique allows you to objectively 

evaluate the conduction along ascending sensory pathways, 

and to follow developmental changes in the nervous system 

such as loss or recovery of funct10n (Gilmore, 1989; 

Rotteveel et al, 1982). Rotteveel et al (1982) reported a 

very high percentage of abnormal SERs in retarded 1nfants 

(0- 2 1/2 years) with a variety of neurologic disorders such 

as chromosomal aberrations, degenerative d1seases, and 

cerebral dysgenesis. Several other studies confirm the hlgh 

prevalence of SER abnormalities in young children wlth 

neurodegenerative disorders (Gilmore, 1989). There have 

been several reports of SER recordings ln newborns at high 

risk for neurologie sequelae as a result of pre or perlnatal 

in jury to the brain. Hrbek et al (1977) performed long 

latency SERs on 57 asphyxiated newborns, primarily ln the 

first week of life. The long latency components (Wh1Ch are 
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generally several hundred msec) were noted to be of low 

amplitude, absent or of increased latency in 65% of 

patients. Those with persistent abnormalities had clinical 

evidence of brain in jury . The methodology in this study was 

not clearly defined, therefore precise interpretation of the 

findings is difficult. More recent reports on SER findings 

in both normal and high risk populations focus predominantly 

on the more reliable short latency N20 (N19) component, as 

opposed to the subsequent longer latency components that 

these authors descLlbe. 

In one study, ABR and SER performed on 10 

asphyxiated babies at 3 months of age revealed normal or 

slightly prolonged ABRs, however no cortical responses were 

el ici ted in the SER. AlI infants had tone abnormalities, 

lnfantile spasms and neuroradiologic eVldence of severe 

leucomalacia and cortical atrophy (Lutschg et al, 1983a). 

willis et al (1987) recorded SERs ln 10 term infants 

with perina tal asphyxia at 2-6 months of age. 

Abnormalities included increased latencies and absent peaks 

of the parietal potential. Both improvement or perslstence 

of abnormallties were documented. Absent potentials were 

seen in half of the subjects. Those that normalized had 

mild to moderate developmental deficits on follow-up whereas 

persistently absent potentials were associated with a severe 

outcome. 

Ultrasounds are diagnostically useful ln identifying 

structural lesions whereas evoked potentials are used to 
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evaluate the functional integrity of neural pathways. 

Klimach & cooke (l988b) pre-selected a group of high risk 

newborns with abnormal cranlal ultrasound. Elght out of 30 

also had neonatal selzures. The mean gestational age of the 

group was 30.5 weeks (range 25-40) and the mean age at 

testing was 35.3 weeks coneeptlonal age (range 30-44). SERs 

following median nerve stimulatlon showed that N19 peak 

latencies were significantly different (p<.001) between 

infants with normal versus abnormal ultrasounds. Twen~y-one 

out of 30 infants with abnormal ultrasounds had increased 

latencies, and 2 had absent potentials unilaterally or 

bilaterally. of the 2 infants with absent peaks, 1 was 

hypotonie and 1 was neurologically normal in the newborn 

period. SERs were repeated in 13 patients, and 7 had 

normalization of recordings. One child had progresslve 

worsenlng of latencies and this child subsequently died in 

infancy. 

As part of a longitudinal study ln our laboratory, 

SERs were performed on high risk as weIl as healthy 

newborns. In article 3: "Somatosensory evokect response 

abnormalities in high-rlsk newborns" , 34 hi~h risk newborns 

were tested in the newborn period and again ln lnfancy wlth 

the SER. Findings were eompared to those of healthy term 

infants matched for conceptional age. Abnormalltles 

documented ln the high risk group included lncreased 

N19-P22) absolute (N19, P22) and interwave (N13-N19, 

latencies, and absent parietal potentials. SeriaI testing 
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revealed that norrnalization of prolonged conduction time was 

associated with mild neurologic handicap whereas 

persistently absent potentials were seen in children with 

severe neurological impairment in infancy. Unilateral 

abnorrnalities, or abnormalities that were more prevalent on 

one side than the other, eorrelated with subsequent 

lateralizat10n of neurologie defieits to the corresponding 

side. In this study, CT and ultrasound studies performed on 

these patients in the newborn period were scored in a blind 

fashion by a neuroradiologist. No significant relationship 

between the SER and radiologie investigations were noted. 

In summary, approximately 1/3 of patients had SER 

abnormalities, and the extent and evolution of the 

abnormality appeared to refleet subsequent neurologie 

sequelae in the first months of life (Majnerner et al, 1987). 

In conclusion, there have been a few recent studies on 

SERs ln hlgh risk neonates, notably on asphyxiated newborns. 

When exarnlning SER flndings in high rlsk newborns, results 

show a significant percentage of abnormalities in the 

parietal potential with normal peripheral potentials. 

Abnormalitles include increased lateneies (both absolute and 

1nterwave), and low amp11tude or absent peaks. 

Abnormalities may be unilateral or bilateral, and may 

persist or improve on follow-up testing in infaney. 

13 



EVOKED POTENTlALS AS PREDICTORS OF OUTCOME 

i.) The prognostic value of evoked potentials ln lCU 

populations 

Several recent reports on the utility of evoked 

potentials in predicting outcome of comatose patients have 

yielded promlslng findings. In a study by Frank et al 

(1985), the absence of the SER parietal potential wlth 

preservation of the ABR in 5 children wlth hypoxic insults 

correlated with 105s of cortical function and preservalton 

of brainstem function. The finding that an absent N19 peak 

ln the SER predicts chronic vegetatIve state or death was 

similarly reported by Zegers de Beyl & Brunko (1986) ln a 

group of 50 adults. The authors emphasize that this 

correlation does not appear to hold true for traumatic 

brain in jury, as absent peaks may normalize over time with 

concomitent recovery of cognitive skills. Therefore the 

predictive value is dependent on the pathophysiology of the 

coma. 

When comparlng the predictIve value of the ABR and SER, 

the SER appears to be more effective ln predlcting out come 

(De Meirleir & Taylor, 1987; Greenberg et al, 1982 ; Lutschg 

et al, 1983b). De Meirleir & Taylor (1987) performed SERs on 

73 comatose children upon admission to the lCU. Twenty 

seven patients died, and none had a normal SER. AlI 14 

children with a normal outcome had normal SERs or interwave 

abnormalities that resolved on seriaI testing. utility of 
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this test did not appear to vary 

previous study (De Meirleir & Taylor, 

for etiology. 

1986), the 

In a 

ABR was 

not found to be effective in predicting outcome, althought 

very abnormal recordings were associated with a poor 

prognosis. Greenberg et al (1982) reported that evoked 

potentials had 91% correct predictions with no false 

positives in 109 patlents (5-70 years) post severe head 

in jury. There was no significant difference between the 

predictive accuracy of the SER (analyzed short and long 

latency components) and multimodality evoked potentials, and 

the severity of the SER abnormality correlated with 

mortality. Evoked potentials were more predictive of 

outcome than CT, intracranial pressure, the Glascow Coma 

Seale, and the clinical exam in this cohort of patients. In 

a retrospective study on 43 comatose children with hypoxic

ischemlc InJury (6 months-15 years), a loss of ABR 

components was associated primarily with death or neurologic 

sequelae (Lutschg et al, 1983b). No patient that either 

died or suffered neurologie deficits had normal ABR and SER, 

and those with normal outcomes had normal evoked responses 

or responses that normalized over time, confirming the 

findings of De Meirleir & Taylor (1987). Slowing ofaxonal 

conduction as a result of cerebral edema was thought to 

contribute to an increased central conduction time of the 

SER (N13-N19) which improved over time. structural changes 

such as neuronal necrosis or secondary demyelination could 

conceivably cause either decreased amplitude of waveforms or 
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c p~olongation of central conduction time. The authors found 

the ASR to be more resistent to hypoxic insult than the SER 

(Lutschg et al, 1983b). 

In conclusion, evoked potentlals are use fuI prognostic 

tools for comatose patients, yielding valuable information 

regarding the topography and evolution of lesions. The 

central conduction time in the ABR and short latency SER are 

unaffected by barbiturates and therefore glve important 

supplementary information regarding brain function. In 

patients who are brain dead, the SER N20 peaks are absent 

bilaterally, however the Nl3 may still be present. The ABR 

1S either fIat or wave l alone may be 1dentified (Kaga et 

al, 1985; Lutschg et al, 1983b; Starr, 1976). The clin1cian 

must be cautious about the use of evoked potentials ln 

determining brain death, as the evoked response 

abnormalities mentioned above are associated but not 

exclusive to brain death. For example with the ASR, 

deafness, technical artifact or extensive brainstem lesions 

could contribute ta a fIat ABR or loss of waves II-V 

(ehiappa, 1983). 

ii.) Rationa1e for use ln the neonatal Ieu 

Periods of hypoxla, lschemia, increased 

intracranial pressure, alterations ln cerebral blood flow 

and blood pressure ln the immature brain may result ln 

permanent in jury to the nervous system. Animal models of 

hypoxic-ischemic insult have demonstrated that there are 
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characteristic patterns of in jury to specific brainstem, 

cerebellar, thalamic, and cortical structures. The 

character of the insult determines the extent and location 

of the subsequent in jury. Experimental and human 

neuropathologie studies have shown that the cochlear nuclei, 

superlor olives and inferior colliculi as weIl as the 

gracile and cuneate nuclei, ventroposteriolateral thalamus 

and parietal cortex are among regions that are selectively 

vulnerable to anoxic-ischemic insult in the maturing nervous 

system (Hall, 1964; Leech & Alvord, 1977; Myers, 1975; Ranck 

& Windle, 1959; Volpe, 1987). 

Evoked potentials are non-invasive electrophysiologic 

tests that measure the functional integrity of the ascending 

neuraxls. It lS feasible that damage to structures along 

the auditory and somatosensory pathways as a result of 

hypoxia and/or ischemia would be revealed by abnormal 

auditory brainstem and somatosensory evoked responses. This 

has been supported by evoked potential studies on animaIs 

prlor to and followlng hypoxla or ischemla. sohmer et al 

(1983) found that the ABR was resistent to change following 

hypoxia ln cats, and only became depressed in amplitude if 

the mean arterial pressure decreased. The relationship 

between SER and cerebral oxygen consumption and cerebral 

blood flow was examined in 10 dogs by McPherson et al 

(1986). The results of this study showed that the latencies 

of Nl9 and P22 increased with cerebral oxygen deprivation 

and there was a dramatic diminution of peak amplitudes. 

17 
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There was a normalization of SER as the oxygen became 

available aga~n and the brain was able to utilize the 

oxygen. The àuthors stipulate that the SER may be 

potentially useful in evaluating the efficacy of cerebral 

oxygen delivery in brain injured patients. 

Ischemia, induced by manipulation of cerebral perfusion 

pressure (decreasing mean arterial pressure or 
. . 
lncreas~ng 

intracranial pressure), will induce changes in amplitude and 

latency ln the ABR in cats (Sohmer et al, 1983) and SER 

(Nagao et al, 1~7q). Following unilateral OCclUSlon of the 

middle cerebral artery, severe ischemia in the region of the 

ectosylvian gyrus was assoclated with a loss of the SER 

cortical components in the experimental hemisphere, and a 

diminution of amplitudes and lncrease in latencies ln the 

control hemisphere. If the clip was removed from the artery 

after 2 hours, the waveforms failed to reappear, despite 

restoration of blood flow (coyer et al, 1986). In a similar 

study on 13 baboons, cortical SER potentials were noted to 

decrease ln amplitude during cerebral ischemia followlng 

occlusion of the ipsilateral middle cerebral artery. 

Central conduction time was found to increase with ischemia 

as weIl (Branston et al, 1984). In this experiment, depth 

electrodes were placed in the ventroposteriorlateral aspect 

of the thalamus, the medial lemniscus in the brain stem, and 

ln the cerebral cortex. This study revealed a differential 

ischemic sensitivity along the neuraX1S, with the rostral 

portion being more sensitive to local lschemla and systemic 
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hypotension, whereas the brainstem was most resilient. 

Increased intracranial pressure will also alter the 

amplitude and latency of ABR and SER components. The higher 

centers were found to be more susceptible to raised 

pressures than lower centers, reinforcing the findings of 

Branston et al (1984) (Matsuura et al, 1986; Nagao et al, 

1979) . 

The results of the above studies indicate that the 

ABR and SER are sensitive to hypoxic-ischernic insults, and 

the cortical structures appear to be particularly 

vulnerable. Therefore one cou Id hypothesize that newborns 

that have suffered hypoxic-ischemlc in jury may demonstrate 

abnormal evoked responses and these abnormalities may 

reflect the extent and location of the resultant lesion(s). 

Furthermore, repeat testing in infancy may elucidate the 

evolution of the lnJury to the brain. 

One must first establlsh that evoked response 

abnormalities are characteristic of newborns who may have 

suffered a hypoxic-ischemic in jury. Numerous studies of 

auditory brainstem and to a lesser extent, somatosensory and 

vlsual evoked potentials ln high risk newborns have 

exhibited a hlgh Incidence of abnormal responses. Abnormal 

absolute and Interwave latencies are commonly documented in 

high rlsk Infants, particularly those with apneic or 

respiratory distress syndrome, intraventricular hemorrhage, 

neurologie signs such as hypertonia or hypotonia, and 

infants of very low birthweight, and those with 
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hyperbi lirubinemia or asphyxia (Fawer et al, 1983; Gorney, 

Mochizuki et al, 1986; _~to, 1984; Kileny et al, 1980; 

1986; M..lrray, 1988; Stre1etz et al, 1986). For example, 

when examining the performance of high risk newborns on ABR 

testing, 89% of asphyxiated infants in one study had sOlne 

abnormality (threshold e1evations primarily), and the extent 

and evolution of the abnorma1i 'ty appeared to ref lect ei ther 

worsenlng or improving clinical course (Yasuhara et al, 

1986), Lutschg et al (1980) reported that 22 out of 40 

a sphyx i a ted neurologIe abnormail ties newborns wi th 

prolonged predominant1y 

neuropa thologic 

latencies on the ABR. 

had 

The 

died findings on the 8 pa tients who 

corre1ated wi th the extent and location of the abnormali ties 

of the ABR components. Infants that are small for 

gestational age also have an increased incIdence of 

prolonged central transmission time, when compared to an age 

matched control group wi th birthweights appropriate for 

gestational age (SaIntonge et al, 1986). Sixt y-one very low 

birthweight infants wi th intracranial hemorrhage were 

tested wi th the ABR by Semm1er et al ( 1986 ), and the 

severi ty of the hemorrhage was assoclated Wl th the degree of 

abnormality of waves III and V latency, and the authors 

contribute this to the proximi ty of the SI te of ventricular 

bleeding to the inferior colliculus. Simllarly, central 

conduction and morphological abnormali ties are common in 

SERs or visual evoked responses (VER) performed on this 

population (Hakamada et al, 1981; Hrbek et al, 1977; 
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Klimach & Cooke, 1988b; Majnemer et al, 1987; willis et al, 

1987) . 

Heal thy and high risk infants follow distinct 

developmental curves on seriaI ABR testing in infancy. For 

example, peak ampli tude trajectories progressively diverge 

during the latter part of the first year, as tbe amplitudes 

of the heal thy newborns increase progressi vely whereas the 

ampli tudes in the high risk group increase marginally and 

then pla teau (Salamy et al, 1980). Thi s study suggests that 

i t may be use fuI to perform seriaI evoked response testing 

~n high risk newborns. 

It is difficul t to compare the findings of these 

studies on evoked potentials in high risk newborns, as 

diverse definitions of "high risk" as well as different 

evoked response measures and technical parameters are used. 

Often an appropriate control group 15 not included. 

Nonetheless, abnormal evoked potentials are 

high risk newborns and thesE' abnormalities 

anoxic-ischemic in jury to the maturing brain. 

prevalent ~n 

may reflect 

There are few diagnostic tools that directly measure 

neurologi c function and ma turati on. CT scan and ul trasound 

reveal structural damage and provide sorne correlation wi th 

outcome (Adset t et al, 1985; Bokzynski et al, 1988; Cal vert 

et al, 1986; DeVries et al, 1985). There has been a grow~ng 

interest ln evaluating the util i ty of evoked potentials as 

diagnostic and prognostic tools in the NICU. This test may 

prove to be useful in 1 )moni toring development of the 
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central nervous system 2) the ear ly identification of those 

patients that need therapeutic intervention and in 

3)predicting outcome (Murray, 1988). Few longitudinal 

studies that examlne the prognostic importance of this 

electrophysiologic procedure have been reported thus far l.n 

the literature. 

iii. )ABR as a predictor 

Animal lesion and depth-electrode experiments, as weIl 

as human clinical and neuropathological correlations, have 

demonstrated that the ABR accurately localizes in jury to the 

auditory re1ay nuclei (Buchwald and Huang, 1975; Chiappa. 

1983; Hecox et al, 1981; Oh et al, 1981, Starr, 1975; Starr 

and Achor, 1975). This test does not distinguish etiological 

factors, but i t does provide va1uable information on the 

functional integrity of the brainstem that is difficu!t to 

obtain otherwise (Salamy, 1984; Starr, 1984). 

Hecox & Cone ( 1981) investigated the prognostic 

importance of the ABR after asphyxia in the perinatal period 

or in ear1y childhood (birth to 18 months of age) in 126 

infants. Twenty-one had abnormal V / l ampli tude ra tl.OS les s 

than 0.5, and aIl 21 had spastic quadriparesis or died as a 

resul t of the asphyxia. Therefore small wave V amplitudes 

relative 

exception. 

favorable 

ta wave l indicated a poor prognosls wi thout 

However, normal ratios > 0.5 did not guarantee a 

outcame. Clinical evidence of bralnstern 

dysfunction did not corre1ate wi th ABR abnormali tles . 

22 
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Furthermore, there was a poor correla tion between the 

sever 1 ty of neurological impairment on cl inical examination 

and outcome. 

Stockard et al (1983) attempted to correlate 

ABR f indings wi th cll.nical outcome for 74 infants 

variety of perinatal insul ts. They f ound no 

relationship between the ABR and severe brain 

although the prognostic power of the test increased 

was performed several weeks after the perinatal 

neonatal 

with a 

constant 

damage, 

if i t 

in jury. 

Thirteen of 14 infants wi th absent later waveforms (III to 

V) or with signiflcantly depressed wave Vamplitudes were 

severely neurologically impaired at follow-up. The ABRs of 

17 patients showed persistence of prolonged interwave 

latencies, and only four of the 17 were normal at 18 months 

to four years of age. 

Streletz and colleagues (1984) cornpared l to V 

interwave latencies of 41 high risk noenates with those of a 

low risk group of newborns from an intensive care unit with 

similar conceptional ages. prolonged interwave latencies 

correlated poorly wi th Bayley Scale scores at 18 to 24 

months of age. 

obtalned had 

nursery. 

In 

(Majnemer et 

Perhaps better correlations would have been 

they used a control group from a well-baby 

a prospective 

al, 1988 ), 

study from our 

the utility of the 

laboratory 

ABR as a 

prognostic tool was examined. Very low birthweight, small 

for gestatlom:.l age, and partlcularly asphyxiated neonates 
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demonstrated abnormalities in their neonatal ABRs, and at 

one year these abnormalities best predicted motor outcome. 

prolonged conduction time (1-111 and/or I-V) predicted 

gross motor delay, and aIl high risk Infants wlth Increased 

brainstem conduction had abnormal neurological findings at 

one year. Very dispersed waveforms and abnormal V/I 

amplitudes ratios also predicted neurologlcal impairment at 

one year. AlI these ABR characteristics showed very high 

specificity, ln that neonates with normal neurologlcal 

outcomes had normal neonatal ABRs. However, there were 

false negatives; approximately half the high risk infants 

with abnormal neurodevelopmental findings at one year had 

normal neonatal ABRs. It should be noted that the 

neurological manifestatIons of this group were primarily 

spastic diplegia or hemiplegia, suggesting underlying 

pathology involving the cerebral hemispheres. Animal and 

human neuropathological experlments have provlded eVldence 

for the existence of many patterns of anoxic-ischemic InJury 

to the central nervous system (Volpe, 1987). In Vlew of the 

findings of this study (Majnemer et al, 1988), the ABR 

appears to be sensitive to one pattern of injury Involving 

the auditory relay nuclei, as weIl as other cortIcal and 

subcortical structures. The 

vulnerable to this pattern of 

neonates delivered near term. 

patterns of anoxlc-ischemic 

hlgh risk group most 

Insult were asphyxIated 

However, there are other 

ln jury that may not 

significantly involve the auditory relay nuclei. For these 
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patients the ABR could be normal, al though their development 

may not be, which could explain our false negati ve resul ts. 

False negati ves need to be diminished to maximize the 

sensi t l vi ty of evoked response testing as a prognostlc tool 

in the NICU. Examination of other sensory pathways uSlng 

multi-modallty evoked potentials may enhance the predictive 

power of thls objectIve electrophysiologic test in neonates 

at risk for neurodevelopmental sequelae. 

IV. )VER as a predictor 

There have been a few reports on normal values for 

visual evoked potentlais (VEP or VER) in newborns. Because 

of the dlfflculty of vIsual fixation onto a pOInt in a 

pattern shift stimulus wi th this population, chin et al 

(1985) have used llght eml ttlng diode goggles to produce a 

VER in 40 neurologically normal neonates ranging from 23-42 

weeks gestational age. In older chlldren and adults, the 

strobe llght photostlmulators provlde greater varIation ln 

evoked response measures and appear to be less 

than pattern Shlft photostlmulators in detecting 

defects (Chiappa, 1983), and therefore are not 

used clinlcally Nonetheless, wlth the goggles, 

sensi tive 

conduction 

routinely 

VERs are 

obtainable and repl i cable in neonates greater than 23 weeks 

conceptlonal age and characteristically appear as a slow 

negative peak (X= 308 + 21 msec). This negative peak does 

not al ter significantly ln latency from 24 weeks until term, 

however a postlvie peak appearing at about 220 msec ± 22 is 
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c consi stently seen only in full term infants (> 36 weeks 

gestational age) (Chin et al, 1985). Basilar dendrltes ln 

the visual cortex mature early, before 32 weeks gestational 

age and the consistency of N2 (N300) latency may be 

reflecting this. conversely, apical dendr i tes mature 

dramatically in the last months of gestatlon, and this may 

be represented by the variable appearance of the P2 (P200 ) 

peak (Chin et al, 1985; Taylor et al, 1987). A comparison 

of VER findings ln cross-sectional versus longl tudinal data 

suggests that waveforms appear to emerge ear 11er ln the 

latter, suggestlng that the visual cortex matures earlier 

when exposed to the extrauter ine environment (Taylor et al, 

1987) . The authors concede that there lS a problem wi th 

waveform identiflcation as there are many more blfid peaks 

as the lnfant matures and therefore int€rpretatlon (i. e. 

waveform identification) lS more varIable. For example, 

what these authors refer to as a bifld P200 may be 

interpreted as earlier pOSl tive and negati ve peaks by 

others. Normatlve data ln the literature lS markedly 

variable and this lS likely due to differing methodoJog1es 

in evoked response testlng and interpretatlon. Furthermore, 

the state of arousal and the possible effects of medlcatlons 

are generally not contro lIed for ln studies tha 1. have 

established normative data for newborns. 

VERs in asphyxiated newborns have demonstrated a h1gh 

abnormali ty rate, and an evoked response risk score was 

found to correla te wi th the degree of asphyxia (Hrbek et al, 
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1977 ) . The investigators stress the importance of 

differentiating transient versus persistent abnormali ties. 

Persi stent ly abnormal VERs (> 2 weeks) were associated wi th 

an abnormal outcome ln a second study examlnlng the 

evolutlon of VERs ln infants wi th a variety of perinatal 

dlsorders. There were fal se nega ti ves (28.6%) and fal se 

pOSl ti ves (30%). Furthermore, the abnormali ties were not 

clear ly def ined, scor lng did not appear to be do ne ln a 

blind fashion, follow-up was not consistent, and the 

"control" group included high risk newborns that appeared to 

be developing normally (Hakamada et al, 1981). 

SeriaI VERs in 25 term infants wi th docurnented birth 

asphyxIa were found ta be predictive of outcome at 6 months 

of age. Eight out of 9 infants wi th normal or mildly 

abnormal VERs were neurodevelopmentally normal a t 6 months, 

whereas infants wi th prolonged absence of peaks (> 1 week) 

or abnorrnal waveforms either died (N=9) or were globally 

delayed (N=7) a t 3 -6 months of age (Whyte et al, 1986) . 

Al though thlS study lS proml s Ing regarding the prognosti c 

value of seriaI VERs ln asphyxiated newborns, outcome 

determinatlon at 6 months may be somewhat premature. 

Furtheremore, 1 t was not clear whether or not the examiner 

at 6 months was aware of the VER findings. Further 

prospecti ve studies, Wl th an age-ma tched contro l group, and 

blind evaluation of outcome are needed to determine the 

predictive validi ty of this electrophysiologic technique ln 

bath premature and full term high risk newborns. 
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v.) SER as a predictor 

Several studies have established that SER abnormallties 

are common in high risk newborns. Furthermore, persistent 

abnormalities appear to correlate with cllnical eVldence of 

brain lnJury (Hrbek et al, 1977; Lutschg et al, 1983a: 

Majnemer et al, 1987). In a study on SERs ln 43 children 

with localized motor deficits as a result of perInatal 

anoxic-ischemic InJury, the SER was more accurate than the 

EEG in localizing and lateralizing the leslon. The authors 

suggest that this test may be useful in the early diagnosis 

of brain damage (Laget et al, 1976). 

In light of the experlmental work that has demonstrated 

that structures along the somatosensory pathway are 

selectively vulnerable to hypOXlc-lschemlc insult (Moore, 

1986; Myers, 1975; Ranck & Wlndle, 1959), and that hypoxia 

and/or ischemia may cause alterations in the SER potentlals 

(Coyer et al, 1986; McPherson et al, 1986; Nagao et al, 

1979; Sohmer et al, 1983) , the SER may prove to be a 

valuable predictor of outcome in hlgh rlsk newborns. 

In the past 3 years, a few studies have reported on the 

predictive value of the SER Gorke (1986) investigated the 

prognostic value of the SER ln 73 Infants Wl th a variety of 

perinatal and postnatal problems and abnormal development 

when first assessed (1-10 months of age). Forty-seven 

infants with mlnor perinatal risk factors and normal 

development formed the control group. All 19 infants Wl th 

significantly increased (> 2 sigma variation) N1 (l.e. N19) 
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peak latencies or absent potentials demonstrated handicap 

after the first year of life (11-36 months, median: 13.5 

months). Impairments included psychomotor retardation 

(N=6l, cerebral paIsy (N=15), degenerative (N=4) and 

metabollc (N=3) dlseases of the central nervous system. 

Gorke concluded that the SER is valuable as an early 

indicator of severe motor impairment. There were false 

negatives, and this may reflect that areas other than the 

somatosensory pathway may be impaired. In Gorke's study, 

patients were assessed because of early evidence of 

neurologlc impairment. The experimental group included many 

infants with degenerative diseases, whose prognosis is 

h1gh1y predictable. The control group included infants 

w1th minor risk factors and slightly abnormal SERs ln 

infancy and normal neurologic development after the first 

year, implying that the contraIs were chosen 

retrospectively. A comparison between the normative data 

derived from this group and norms obtained in our laboratory 

are qUlte discrepant, as the upper limits of normal ln 

Gorke's study are abnormal values relative to our norms. 

Therefore subtle although signifIcant abnormalities could 

not be clearly evaluated in this study. 

willlS et al (1987) studled 10 asphyxiated term 

newborns at 2, 4 and 6 months of age with short latency SER. 

The authors e1ected not to test the children ln the newborn 

period as the response is more difficult to interpret. AlI 

10 had at 1east 1 SER and were followed ta a mean age of 20 
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months. Neurological and developmental evaluations were 

performed by a pediatric neurologist and a psychologist 

using the Bayley Scale of Infant Development. The examiners 

were unaware of the SER findings. Results showed excellent 

correlation between SER findings and outcome ln aIl 

patients. Abnormalities in the SER included absent peaks 

(N1/P1), or latencles > 3 standard deviations above the mean 

of the control group. Two or more normal SER (ln 4 out of 

10 patients) correlated with a normal neurologlc exam 

whereas unilateral or bilateral absence of parietal peaks or 

increased latencies (in 6 out of 10) were compatIble wlth 

abnormal neurologic outcome. Furthermore, examination of 

preliminary data reve~led that perslstently absent peaks 

were seen ln children who later manlfested wlth spastlc 

quadriparesis, whereas absent peaks that normallzed by 6 

months were documented in chlldren wlth mild to moderate 

tone abnormalities. Further studles were therefore needed 

to eva1uate whether or not the SER can distingulsh the level 

of disability. The SER appears to have substantlal 

prognostlc accuracy however this needed to be confirmed by a 

study on a larger cohort of high risk newborns. 

K1imach & Cooke (1988b) performed SER testlng on 30 

premature infants wlth abnormal cranlal ultrasounds at a 

mean conceptional age of 35 weeks Follow-up 

neurodevelopmental assessments were performed at the 

regional center (N=lSl, or Information was derived from a 

questionnaire for patients transferred back to district 
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hospitals (N:::IO). Twenty-five out of 30 patients were 

followed between 6-16 months (median: 10 months) of age, and 

3 were less than 6 months. One patient died and 1 was lest 

to follow-up. All wi th normal SERs were normal to date on 

follew-up. Sorne of these patients wi th normal SERs had 

quite abnormal ul trasounds; including bilateral or 

unilateral parenehymal lesions. There were 4 patients wi th 

unilateral SER abnormalities and eorresponding parenchymal 

lesiens with clinical evidence of hemiplegia. Two other 

patients had unila teral SER abnormali ties ( inereased 

lateneies); and 1 had lower extremi ty dystonia and the other 

was normal at 9 months. Nine patients had bilateral SER 

abnormali ties, follow-up information on 7/9 revealed 6 wi th 

neurologie abnormali ties and aIl 7 wi th developmental delay. 

The authors stipulate that the sensi ti vi ty and negati ve 

predictive power of the SER for cerebral palsy (cp) or what 

the authors labelled as developmental delay was 100%, with 

a specifieity and positive predictive power for CP of 87% 

and 83% respectively. There were no false negati ves, and 

few false positives when predicting CP, however there were 

more false posit1ves for developmental delay. However, a 

bilaterally abnormal SER was 100% predictive of 

developmental delay. The SER on discharge (i.e. close to 40 

weeks coneeptional age) was more predictive than those on 

ini tial testing. The immature nervous system may 

"reeover" from in jury , thus limiting the prognostic value of 

positive neonatal tests. This study shows that a normal SER 
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correlates with a good neurodevelopmental outcome whereas 

abnormal SERs correlate better with mo~or disturbances than 

more global developmental delay. A bilaterally abnorrnal SER 

best predicts an abnorrnal outcome. 

follow-up assessment measures, 

This study had diverse 

that were performed at 

variable ages. Furthermore assessrnent of outcome was not 

performed in a blind fashion. 

willis et al (1989) recently reported on the predictive 

value of SERs in 39 premature, VLBW infants with 

periventricular hemorrhage. SERs were performed only at 2, 

4 and 6 months corrected age, as neonatal test results are 

somewhat more djfficult to interpret. Follow-up testing was 

carried out by a neurologist and a psychologist who were 

bath blind 

performed at 

prernaturity. 

ta the evoked response results. 

a mean age of 22 rnonths, 

AlI 15 with abnormal SERs 

occas~ons had abnormal Bayley Motor Scores, 

Testing 

correct~ng 

on 1 or 

was 

for 

more 

and 14/15 had 

severe abnormalities on neurologic examination. Therefore 

this study provides further evidence that an abnormal SER 

implies future neuromotor dysfunction. There was no 

apparent relationship between the lateralization of the 

hemorrhage and SER or motor abnormalities. There were faise 

negatives in this study, however 3 normal SERs were 

associated with a favorable developmental outcome with a 

negative predictive power of 36%. 
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There are several methodological weaknesses in many of 

the studies reported to date. These would include: 

i)an Inapproprlate "reference" or control group: High risk 

newborns from a relatively lower risk category with only 

minimal evoked response abnormalities or developmental 

delays were included in the control group ln studies by 

Streletz et al (1984) and Gorke (1986). As a result, cut-

off values for absolute and interwave latencies were much 

higher when compared to normative data from our laboratory. 

ii) inconsistent fo110w-up: In sorne studies, there was a 

large age span for the age tested when determining outcome 

(Gorke, 1986: 11-36 months; Klimach & Cooke, 1988: 6-16 

months; Stockard et al. 1983:18 months-4 years). Different 

levels and types of handicap are evident at different ages, 

therefore a wide age range for measuring outcome would yie1d 

high1y variable resu1ts. Of further significance, fo11ow-up 

information was obtained by questionnaires or verbal 

reports for many of the children in the study by Klimach & 

Cooke (l988b), thereby . . 
Increaslng the variability and 

decreasing the reliability of the findjngs. 

iii) the absence of a "blind" eva1uation of outcome: Except 

for the studies by willis et al (1987,1989), the existing 

studies do not specify that unbiased. blind assesssments of 

outcorne were carried out on study patients. The neurologist 

and psychologist evaluating the high risk newborns were 

blind to the evoked response results in studies by willis 
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and collegues. However in no reported study are the 

examiners evaluating both healthy and high risk newborns in 

a blind fashion. 

iv) evaluation of a high risk population with a predictable 

outcome: Two studies (Gorke, 1986; Stockard et al, 1983) 

have included patients with genetic syndromes or 

degenerative diseases where evoked responses and ultimate 

outcome are likely to be abnormal. The predlctive value of 

evoked response testing may be magnified by the lnclusion 

of those children wi th a predictable prognoS1S. 

v) the absence of evoked response testing in the newborn 

period (approximately 40 weeks conceptional age): False 

negatives appear to be a signlficant problem ln studies 

where testing was carried out in infancy on1y (Gorke, 1986; 

Hecox & Cone, 1981; willis et al, 1987; willis et al, 1989). 

It is possible that many subjects with normal evoked 

responses ln infancy would have had abnormal responses 

ini tially, and subsequent morbidi ty. 

vi) poorly defined recording techn1ques (Hrbek et al, 1977) 

or the use of non-standard stimulatlng and record1ng 

parameters (Klimach & Cooke,1988bJ: This decreases the 

feasibility of other laboratories applying the reported 

findings for clinical purposes. 

In spite of these methodological problems ln the 

studies reported in the literature, the SER appears to be an 
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effective predictor of neuromotor sequelae in high risk 

neonates. 

In the 4th art icle: "The prognostic signifieance of 

mul ti -modali ty ev~ked response testing in high risk 

newborns" , 44 hiçrh r isk newborns and 14 heal thy neonates 

were tes~ed with multi-modality evoked responses ln the 

newborn pe :-iod. Ser~al testing was earried out at 2 and 6 

months eor:ecteo dg~. At l year of age, aIl patients and 

controis were evaluated in a blind fashion by a pediatric 

neurologist and clinical psyehologist. The results of this 

prospectlve study indicate that an abnormal SER or ABR 

correlated with neurologie impairment at l year of age. 

Furthermore, the degree of SER abnorrnality (l.e. persistent 

versus an improving picture on seriaI testing) refiected the 

extent of neurologie sequelae. Normal rnuItl-modallty evoked 

responses (ABR and SER) predlct normal developmental scores 

in aIl areas. Flnally, ABR and SER waveforms that are both 

ldentifiable and of normal Iateney have a strong positive 

and negative pred' ~tive power for neurologie status at l 

year of age. 

ThlS study elearly demonstrates that rnuiti-modality evoked 

responses are excellent predictors of neuromotor outcome ln 

high risk newborns. This study further emphasizes the 

lmportanee of testing patlents ln the newborn period to 

dirnlnish posslble false negative findings. SeriaI testing 

ln infaney is of great value in delineating the degree of 

subsequent neurornotor handicap. 

35 



f, 

REFERENCES 

Adsett DB, Fitz CR, Hill A: Hypoxic-ischemic cerebral in jury 
in the term newborn:Correlation of CT findings with 
neurological outcome. Dev Med Chlld Neurol, 27.155-160. 
1985. 

Amiel-Tison C: possible acceleration of 
maturation following hlgh-risk pregnancy 
Gyneco1, 138:303. 1980. 

neurologlcal 
Am J Obstet 

Bartel P. Conradie J. Robinson E. Prlnsloo J. Becker P: The 
relationship between median nerve somatosensory evoked 
potential latencies and age and growth parameters in young 
children. Electroencephalogr Clln Neurophysiol. 68'180-186. 
1987. 

Blair AW: Sensory examinatlon uSlng electrically Induced 
somatosensory potentlals. Dev Med Child Neurol. 13:447-455. 
1971. 

Bokzynski MEA. Nelson MN, Genaze D. Rosatl-Skertlch C. 
Matalon TAS, Vasan U, Naughton PM: Cranlal ultrasonography 
and the prediction of cerebral paIsy in lnfants weighlng 
<1200 grams at birth. Dev Med Chlld Neurol, 30.342-348, 
1988. 

Branston NM, Ladds A, Symon L. Wang AD: Comparlson of the 
effects of lschaemia on ear1y components of the 
somatosensory evoked potentia1 in brainstem, thalamus, and 
cerebral cortex. J Cereb Blood Flow Metab, 4:68-81, 1984. 

Buchwa1d JS. Huang C Far-field acoustlC response Orlglns ln 
the cat. Science, 189:382-384, 1975. 

cadilhac J, Zhu Y, Georgesco M, Echenne B, Rodlere M La 
maturation des potentiels evoques somestheslques cerebraux 
Rev Electroencephalogr Neurophyslo1 Chn, 15 1-11. 1985 

Calvert SA. Hosklns EM, Fong KW, Forsyth SC. Perlventrlcular 
leukomalacla:Ultrasonlc dlagnosls and neurological outcome 
Acta Paedlatr Scand, 75:489-496, 1986. 

Chiappa K (Ed ). Evoked potentials ln cllnlcal medicine 
New York, Raven Press, 1983. 

Chin KC. Taylor MJ, Menzies R, Whyte H: Development of 
visual evoked potentials in neonates. Arch Dis Child, 
60:1166-1168, 1985. 

• 



, , , 

Coyer PE, Lesnick JE, Michele JJ, Simeone FA: Failure of the 
somatosensory evoked potential following middle cerebral 
artery occlusion and high-grade ischemia in the cat- Effects 
of hemodilutlon. Stroke, 17.37-43, 1986. 

Cracco JB, Cracco R: spinal somatosensory evoked potentials. 
Maturatlonal and cllnlcal studles. Ann N Y Acad Sci, 
388: 526-537, 1982. 

Culllty p, Franks CI, Duckworth T, Brown BH: Somatosensory 
evoked cortIcal responses. DetectIon in normal infants. Dev 
Med Chlld Neurol, 18:11-18, 1976. 

DeMeIrlelr LJ, Taylor MJ. Evoked potentlals in comatose 
chlldren:Audltory bralnstem responses. Pedlatr Neurol, 2:31-
34, 1986. 

DeMelrlelr LJ, Taylor MJ: prognostic utility of SEPs ln 
coma tose children. Pediatr Neurol, 3.78-82, 1987. 

Desmedt JE, Manil J: Somatosensory evoked potentials of the 
normal human neonate in REM sleep, in slow wave sleep and in 
waklng. Electroencephalogr CLin Neurophysiol, 29: 113-126, 
1970. 

DeVrIes LS, Dubowitz V, Lary S, Whitelaw A, Dubowitz LMS, 
KaIser A, Sllverman M, wigglesworth JS: Predictive value of 
cranial ultrasound in the newborn babY'A reappraisal. 
Lancet, July 20, 137-140, 1985 

Dor fman LJ, Bos ley TM: Age-re1a ted 
and central nerve conduction ln man 
1979. 

changes ln peripheral 
Neurology, 29: 38-44, 

Fawer CL, DUbowitz MS: Auditory braln stem response ln 
neurologically normal preterm and full term newborn infants. 
Neuropediatrics, 13:200-206, 1982. 

Fawer CL, DuboWltz LMS, Levene MI, Dubowitz V: 
bralnstem responses ln neurologlcally ubnorma1 
Neuropedia trics, 14' 88 -92, 1983. 

Audltory 
Infants. 

Frank LM, Furgluele TL, Etheridge JE: Prediction of chronlc 
vegetatIve state ln children uSlng evoked potentials. 
Neuro1ogy. 35 931-4, 1985. 

GIlles FH. Shankle W, Dooling EC: Myelinated tracts: Growth 
patterns In Gllles FH. Levlton A, Dooling EC (eds): The 
developing human braln. Boston, Wright, 1983. 



Gilmore RL, Bass NH, Wright EA, Greathouse D, Stanback K, 
Norvell E: Developmental assessment of spInal cord and 
cortical evoked potentials after tlblal nerve stlmulatlon: 
Effects of age and stature on normatlve data durIng 
childhood. Electroencephalogr ClIn NeurophyslOI, 62: 241-
251, 1985. 

Gilmore R, Brock J, Hermansen MC, Baumann R: Development of 
lumbar spinal cord and cortical evoked potentlais after 
tibial nerve stimulation in the pre-term newborns,Effects 
of gestatlonal age and other factors Electroencephalogr 
Clin Neurophysiol, 68:28-39, 1987. 

Gllmore R' The use of somatosensory evoked potentlals ln 
infants and children. J ChIld Neurol, 4 3-19. 1989 

Gorke W: Somatosensory evoked cortIcal potentlais lndlcatlng 
impaired motor development in infancy Dev Med Chlld 
Neurol, 28:633-641, 1986. 

Gorney DS' The cllnlcal use of the bralnstem audItory evoked 
potentla1 ln neonata1 assessment. Am J EEG Technol, 26:199-
211, 1986, 

Gould JB, Gluck L, Kulovich MV The acceleration of 
neurological maturatlon ln hlgh stress pregnancy and lts 
relation to fetal lung maturIty Pedlatr Res, 6.335, 1972, 

Greenberg RP, Newlon PG, Becker DP. The somatosensory evoked 
potentia1 in patIents WIth severe head ln jury Outcome 
prediction and monitorIng of braln functlon. Ann N Y Acad 
Sei, 388: 683-688, 1982. 

Hakamada S, Watanabe K, Hara K, MIyazakl 5. The evolutlon of 
visual and auditory evoked potentlals ln lnfants with 
perinatal disorder. Braln Dev, 3,339-344, 1981. 

Hall JG: On the neuropathologlc changes ln the central 
nervous system following neonatal asphyxIa- Wlth speclal 
reference to the audltory system ln man Acta Otolaryngol 
(suppl 188):331-339, 1964. 

HashImoto T, Tayama M, 
Y, Morl A, Miyao M' 
potentlal ln chlldren 

Hlura K, Endo 5, Fukuda K, 
Short latency somatosensory 

Braln Dev, 5 390-6, 1983 

Taumura 
evoked 

Hecox KE, Cone B, Blaw ME: Bralnstem audltory evoked 
response ln the diagnosls of pedlatrIc neurologie dlseases 
Neurology, 31:832-840, 1981. 

Hecox KE, Cone B: Prognostlc 
auditory evoked response after 
31: 1429-1434, 1981. 

Importance 
asphyxla. 

of bralnstem 
Neurology, 

, 



L 

Hrbek A Hrbkov~ M, Lenard HG: 
responses in newborn infants. 
Neurophysl01, 25:443-448, 1968. 

Somato-sensory evoked 
Electroencephalogr Clin 

Hrbek A, Hrbkova M, Lenard HG: Somatosensory auditory and 
visual evoked responses in newborn infants during sleep and 
wakefulness. Electroencephalogr C11n Neurophysiol, 26:597-
603, 1969 

Hrbek A, Karlberg P, olsson T: Development of visual and 
50matosensory evoked responses ln preterm newborn infants. 
Electroencephalogr Clin Neurophysio1, 34:225-232, 1973. 

Hrbek A, Karlberg P, Kjellmer I, 015son T, Riha M: Clinlcal 
applicatIon of evoked e1ectroencephalographic responses in 
newborn Infants I:Perlnatal asphyxia. Dev Med Child Neurol, 
19.34-44,1977. 

Hume AL, Cant BR, Shaw NA, Cowan JC: Central somatosensory 
coductlon tlme from 10 to 79 years Electroencephalogr Clin 
NeurophyslOI, 54: 49-54, 1982. 

l ta H Audl tory bralnstem resonse ln NIeU Infants. 
Pedlatr otorhlnolaryngol, 8 155-162, 1984. 

Kaga K, TakamorI A, Mizutani T, Nagal T, Marsh 
audltory pathology of brain death as revealed by 
evoked potentlais Ann Neural, 18 360-364, 1985. 

KIleny P, Connelly C, Robertson C: 
responses ln per Inata l asphyxia. 
Otorhlno1aryngol, 2: 147-159, 1980. 

Audi tory 
Int J 

Int J 

RR: The 
aud1tory 

brainstem 
Pediatr 

K11mach VJ, cooke RWI: MaturatIon of the neonatal somato
sensory evoked response ln premature Infants. Dev Med Child 
Neural, 30.208-214, 1988a. 

Kllmach VJ, cooke RWI Short-latency cortical somatosensory 
evoked responses of preterm infants WI th ul trasound 
abnormallty of the brain. Dev Med ChIld Neurol, 30:215-221, 
1988b 

Krumhol z 
of the 
Infants. 
1985 

A, FelIx JK, Goldstein PJ, McKenzie E. Maturation 
brainstem audltory evoked potentlal in premature 

Electroencephalogr ClIn Neurophysiol, 62.124-134, 

Laget P, Salbreux R, Ra1mbault J, D'Allest AM, Marlanl J: 
Re1atlonshlp between changes in somesthetic evoked responses 
and e1ectroencephalographic findings in the child with 
hemlp1egla. Dev Med Chi1d Neurol, 18: 620-631, 1976. 



-
Lauffer H, Wenzel D: Maturation of central somatosensory 
conduction time in infancy and childhood. NeuropediatrlcS, 
17:72-74, 1986. 

Laureau E, Majnemer A, Rosenblatt B, Riley P: A lonaltudlnal 
study of short latency somatosensory evoked respbnses ln 
healthy newborns and infants. Electroencephalogr Clin 
NeurophysI0l, 71:100-108, 1988 

Leech RW, Alvord Jr EC' Anoxic-ischemic encephalopathy ln 
the human neonatal perlod- The slgnlflcance of braln stem 
involvement. Arch Neurol, 34'109-113, 1977 

Luders H: The effects of aging on the 
somatosensory cortlcal evoked potentlal. 
Clin Neurophyslol 29:450-460, 1970. 

waveform of the 
Electroencephalogr 

Lutschg J, Bina M, Matsumlya Y, Lombroso CT: BraIn 
auditory evoked potentlals (BAEPs) ln asphYXlated 

stem 
and 

Clln neurologlcally abnormal newborns Electroencephalogr 
Neurophysl01, 49'27P, 1980. 

Lutschg J, Hanggeli C, Huber P: The evolutlon of cerebral 
hemispherlc lesions due to pre-or perlnatal asphyxla 
(cllnlcal and neuroradlologl cal correla tlon) . Hel v paedla t 
Acta, 38.245-254, 1983a. 

Lutschg J, Pfennlnger J, Ludin HP, Vassel la F: BraIn-stem 
auditory evoked potentlals and early somatosensory evoked 
potentials ln neurolntenslvely treated comatose chlldren Am 
J Di s ch Il d, 137. 421 - 6, 1983 b . 

Majnemer A, Rosenblatt B, Rlley P, Laureau E, O'Gorman AM: 
Somatosensory evoked respvnse abnormallties ln high-risk 
newborns pediatr Neurol, 3:350-355, 1987 

Majnemer A, Rosenblatt B, Riley p' Prognostlc slgnlflcance 
of the audltory bralnstem evoked response ln high-rlsk 
neonates. Dev Med Chlld Neurol, 30:43-52, 1988. 

Matsuura S, Kuno M, Nakamura T. 
auditory evoked responses of the 
102: 12-19, 1986 

Intracranial pressure and 
cat. Acta Otolaryngo1, 

McPherson RW, Zeger S, Traystman RJ: 
somatosensory evoked potentials and 
consumptlon durlng hypoxlc hypoxia ln dogs 
36, 1986. 

Relatlonshlp of 
cerebral oxygen 

Stroke, 17 30-

Mochizukl y, Ohkubo H, Yoshida A, Tatara T: Audltory braln 
stem responses (ABR) in deve10pmentally retarded infants and 
children. BraIn Dev, 8:246-56, 1986. 



Moore JC: Neonatal neuropathology. 
6: 55-90, 1986 

P & OT ln Pediatries, 

Murray AD: Newborn auditory brainstem evoked responses 
(ABRs): Prenatal and contemporary correlates. child Dev, 
59:571-588, 1988. 

Myers RE' Four patterns of perlnatal braln damage and thelr 
condl tions of occurrence ln prlmates. Adv Neurol, 10: 223-
234, 1975 

Nagao S, Roccaforte P, Moody RA: Acute intracraniai 
hypertenslon and auditory brain-stem responses. J Neurosurg, 
51.669-676, 1979. 

Nlshlmura S, Tomlta y, Tanaka T, Kasagl S, Takashlma S, 
Takeshita K: Developmental change of short latency 
somatosensory evoked potentlal waves between P3 and N1 
components ln children. Brain Dev, 8:6-9, 1986. 

Oh SJ, Kuba T, Soyer A, Choi IS, Bonlkowski FP, Vitek J: 
Lateralization of brainstem lesions by brainstem auditory 
evoked potentials. Neurology, 31:14-18, 1981 

Pratt H, Amlie RN, Starr A: Short latency mechanically 
evoked perlpheral nerve and somatosensory potentials ln 
newborn infants. Pediatr Res, 15'295-298, 1981. 

Ranck JB, Wlndle WF: BraIn damage ln the monkey Macaca 
mulatta, by asphyxia neonatorum Exp Neurol, 1:130-154, 
1959. 

Roblnson RK, Rlchey ET, Kase CS, Mohr JP: Somatosensory 
evoked potentlals ln pure sens ory stroke and related 
conditions. Stroke, 16'818-823, 1985. 

Rotteveel JJ, Colon 
bralnstem audltory 
diagnostlc work-up of 
(edl: Event-related 
Elsevler Blomedlcal, 

EJ, Hombergen G: Somatosensory and 
evoked potentla1s in the clinical 
mental retardation. In Rothenberger A 
potentlais in chIldren. New York, 
219-227, 1982. 

SaIntonge J, Lavole A, Lachapelle J, Cote R: Brain maturity 
in regard to the audItory bralnstem response ln small-for
date neonates BraIn Dev, 8.1-5, 1986. 

Sa1amy A, Mendelson T, Tooley WH, Chaplin ER: Dlfferentiai 
development of bralnstem potentials ln healthy and hlgh-risk 
Infants SCIence, 210:553-555, 1980. 

sa1amy A' Maturatlon of the audltory bralnstem response from 
birth through early Chlldhood. J Clln Neurophysl01, 1:293-
329, 1984 



Semmler CJ, Lasky RE, Maravilla A, Dowllng S, Rosenfeld CR' 
Brainstem auditory evoked potentials in very-low-birth
weight neonates wlth intracranlai hemorrhage. Early Hum 
Devel, 14:9-17, 1986. 

sitzoglou c, FotlOU F A study of the maturatIon of the 
somatosensory pathway by evoked potentlals Neuropedlatrlcs, 
16:205-208, 1985 

Sohmer H, Gafnl M, Goitein K, Falnmesser P. Audltory nerve
braln stem evoked potentlals ln cats durIng manIpulatIon of 
the cerebral perfUSIon pressure. Electroencephalogr clin 
Neurophysiol, 55 198-202, 1983. 

Starr A, Achor LJ: 
neurologlcal disease. 

Auditory bralnstem responses 
Arch Neurol, 32'761-768, 1975 

Starr A: Audltory brain-stem responses ln braln death. 
BraIn, 99'543-554, 1976 

Starr A: Auditory brainstem potentials:Comments on thelr use 
durlng lnfant deve1opment. J ClIn NeurophyslOl, 1:331-334, 
1984. 

Stockard JE, stockard JJ, Coen RW. Audltory braln stem 
response varlablilty in Infants. Ear Hear, 4:11-23, 1983 

Streletz LJ, Kaga M, GrazianI LJ, Stanley C, Desal HJ, 
Branca PA, Jassell SP: The prognostlc value of the neonatal 
BAEP for assessment of hearIng and neurodevelopment 
Eastern Associatlon of Electroencephalographers Inc., EAEEG 
Ski Meeting, Abstract, March 2, 1984 

Streletz LJ, Graziani LJ, Brance PA, Desal HJ, TraVIS SF, 
Mikaelian DO: Bralnstem auditory evoked potentlals ln full 
term and preterm newborns wIth hyperblllrublnemla and 
hypoxemia. Neuropediatrlcs, 17:66-71, 1986. 

Taylor MJ, Menzies R, MacMlllan LJ, Whyte HE: VEPs ln 
normal full-term and premature neonates.Longltudlnal versus 
cross-sectional data Electroencephalogr ClIn NeurophyslOl, 
68:20-27,1987. 

Tomita y, NIshlmura S, Tanaka T Short Latency SEPs ln 
infants and chlldren:Developmental changes and maturatlona1 
index of SEPs. Electroencephalogr Clln NeurophyslOl, 65:335-
343, 1986. 

volpe JJ (edl: Neurology of the newborn. Toronto, W B 
Saunders Co" 1987. 

Whyte HE: Taylor MJ, MenZles R, Chln KC, MacMillan LJ' 
Prognostlc utility of vjsual evoked potentlals ln term 
asphYXlated neonates Pedlatr Neurol, 2'220-3, 1986. 

• 



1 , 

l 

WllllS J, Seales D, Frazier E: Short latency somatosensory 
evoked potentials in infants. Electroencephalogr Clin 
Neurophysiol, 59:366-373, 1984. 

Wlliis J, Duncan C, Bell R: Short-latency somatosensory 
evoked potentlals in perinatal asphyxia. Pediatr Neurol, 
3:203-207, 1987. 

WllllS J, Duncan MC, Bell R, Pappas F, Moniz M: 
Somatosensory evoked potentials predlct neuromotor outcome 
after perlventricular hemorrhage. Dev Med Child 
Neurol,31:435-439, 1989. 

Yakovlev PI, Lecours AR: The myelogenetic cycles of regional 
maturation of the brain. In Minkowski A (ed.): Regional 
deve10pment of the brain in early life. Philadelphia, 
F.A Davis, p.3-70, 1967. 

Yasuhara A, Klnoshita Y, Hori A, Iwase S, Kobayashi Y: 
Audltory brainstem response in neonates with asphyxia and 
lntracran1al haemorrhage. Eur J Pediatr, 145:347-350, 1986. 

Zegers de Beyl D, Brunko E: Prediction of chronic vegetative 
state w1th somatosensory evoked potentlals Neurology, 
36:134, 1986. 

Zhu Y, Georgesco M, Cad11hac 
potentials to posterlor tibial 
ch11dren Brain Dev, 8:10-16, 1986. 

J: Somatosensory evoked 
nerve stimulation ln 



Study Rationale 

Prenatal or perinatal brain in jury or maldevelopment 

seen ln asphyxiated, small for gestational age or very 

premature infants continues to be of paramount coneern to 

clinicians, despite improvements ln obstetrical care, 

resuscitation procedures and neonatal intensive care 

Although prevention lS the primary goal, early 

identification of those who have suffered an insult to the 

maturing brain is important, so that effective remediation 

may be initiated expediently (Amiel-Tison & Ellison, 1986). 

Animal models of anoxie-lschemlc brain damage as well 

as neuropathologie, clinical and neuroradlologle 

observations lndlcate that a wlde spectrum of brain damage 

can occur (Hill & Volpe, 1981; Myers, 1975; Volpe, 1987) 

These patterns of injury vary in degree and extent, and are 

related to the nature of the insult and the level of 

maturation of the braln. Volpe has cluster.ed these patterns 

into 5 major identifiable neuropathologie varletles 

selective neuronal neerosis, status marmoratus, parasaglttal 

cerebral in jury , periventrieular leueomalacla and 

focal/multifocal isehemic brain neerOS1S. These patterns 

are unique wi th respect to the nature of the lnsul t, the 

topography of the lesion, and the evolutlon and pathogenesis 

of the in jury (Volpe, 1987). 

Presently, there are no elinieal or laboratory 

assessments that accurately evaluate the type or severity of 

brain in jury , or precisely determine the prognosls, 
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particularly when mild to moderate deficits exisl CMajnemer 

et al, 1 988 ; Vol pe , 1987 ) . Evoked response lS a non-

invasive, objective electrophysiologic test that be of value 

in identifying the extent ·)f damage to the maturing nervous 

system (Chiappa, 1983). In a previous study at the 

Evoked Potentials Laboratoryat the Montreal Children's 

Hospital (Majnemer et al, 1988; Majnemer, MSc thesis, 1985), 

the prognostic significance of the ABR was examined ln high 

risk newborns. ABR testing was carried out in the newborn 

period and repeated agaln ln infancy. Neurodevelopmental 

outcome at 1 year corrected age was measured by 2 blind 

evaluators, a neurologist and a psychologist. The results 

of this study showed that increased brainstem conduction 

time predicted gross motor delay as weIl as neurologie 

impalrment with a strong positive predictive power and 

specificlty. False negatives were a problem however, as a 

normal ABR did not ensure a normal outcome. It is 

concelvable that the ABR was sensitive to one pattern of 

lnJury, such as selective neuronal necrosis following 

anoxla, which involves selective damage to the auditory 

relay nuclei as weIl as other important cortical and 

subcortical structures (Myers, 1975) . However other 

patterns of in jury exist, that may not significantly involve 

the brainstem structures. In particular, the ABR was a poor 

predictor of OULcome in premature infants. This lS likely 

due to the fact that a common pattern of InJury ln very 

premature infants would involve the subependymal germinal 
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( matrix or intraventricular/periventricular region. The 

particular vulnerability of this region may be attributed 

to the fragile vascular bed and concommitant large portion 

of cerebral circulation perfuslng the ventricular reglon. 

An initial bleed as a result of cerebral blood flow changes 

(due to hypoxia, hypercapnea, or acidosis) may rupture into 

the adjacent ependymal layer. Ischemlc necrosis of 

periventricular tissue due to impaired circulation (l.e 

hypotension during apnea) may cause further destruction of 

the adjacent white matter (Volpe, 1989). The ABR evaluates 

the integrity of brainstem structures only, therefore 

evidence of periventricular leucomalacla would not be 

elucidated by ABR testing. 

Therefore a second prospectlve study was inltiated, 

with the alm of evaluatlng a wider distribution of the 

ascending neuraxis using mUlti-modality evoked responses. 

Using both ABR and SER, caudal and rostral structures could 

be evaluated simultaneously. The results of thlS second 

study demonstrate that the SER in particular correlates 

strongly with the degree of neuromotor handicap at 1 year of 

age. Furthermore, a normal ABR and SER are compatible wlth 

a favorable neurodeveloprnental outcome. Abnormallties in 

the SER were more prevalent and this may be partially due to 

the fa ct that the SER evaluates a greater extent of Lhe 

nervous system; notably thalamo-cortical and cortical 

projections. These higher centers are particularly 

vulnerable to in jury in high rlsk newborns. Secondly, very 
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abnormal ABRs (i . e . absent peaks) are often not compatible 

wi th lite, however absent peaks in the SER are compatible 

with surv1val but. with significan-c. morbidity (Frank et al, 

1985) . This study has shown that a sensory evaluation can 

be used to predi ct neurornotor defici ts at 1 year corrected 

age. ThIS IS probably due to the close prox1mity of the 

sensory and motor pa thways and cortical structures. 

Presl!mably the superimposed sensory defici t would further 

compromise motor function due to the deficiency in sensory 

feedback. 

OrlgInal con_tributions of this study 

Important original contributions of this study inc1ude: 

i) the establishment of normative data for SER in newborns 

and infants: Normative data for the ABR has been described 

by several laboratories ln the literature (Jacobson et al, 

1982; Krumhol:z: et al, 1985; S tarr et al, 1977), however few 

labora tories have attempted to perform SERs in young infants 

for research or clinical purposes. Therefore to begin with 

ln this study, appropriate stimulating and recording 

parameters as weIl as testlng procedures were delineated to 

mlnllTIl ze arti fact and maXlml ze the reproduclbili ty and 

reliablllty of the SER recordings. Longi tudinal testing of 

the same heal thy newborns was carried out on 3 or 4 

occaSIons over the first 7 months of life. Maturational 

changes in waveform identifiabi1ity, absolute and interwave 
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latency, degree of dispersal and relative ampli tude of 

waveforms 

changes 

effects 

were statistically analyzed and described. 

that accompanied al tering sleep states, and 

of 2 commonly used fil ter settings on the SER 

summarized as weIl. 

The 

the 

were 

ii) the examination of the effects of gestational age at 

birth on the SER: The literature has demonstrated that ABR 

latencies decrease as a function of conceptional age 

(defined as gestational age plus postnatal age), not 

chronological age. Therefore, these studies support the 

view that myelinatlon continues at a fixed rate irrespective 

of intrauterine versus early extrauterine exposure. This 

principle has been assumed for SER latencles but has not 

been validated. As part of this prospective study, SER 

findings in low risk, healthy premature J.nfants tested at 

term were compared to those of heal thy full term newborns. 

Infants were matched for conceptional age. Both absolute 

and interwave latencies as weIl as waveform morphology were 

indistingui shable in infants of the same conceptJ.onal age. 

iii) seriaI evoked response evalua tJ.on of both heal thy and 

high ri sk newborns, beginning in the newborn per lod In no 

other reported longitudinal study using evoked poten tlals , 

is a reference group belng evaluated simul taneously Wl th the 

study group. In this manner, normatlve data is denved from 

a group being evaluated uSlng the ldentical testing 

procedures and examiners as the high r J. sk group. 
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Furthermore, evaluators of developmental outeome are blind 

to the evoked response results as weIl as to the medical 

h1story (i .e. healthy versus high risk) of eaeh child. 

Testing in the newborn perlod appears to be cri tica1 ln 

decreas1ng the number of false negatlve findings. Testing 

in the NICU while the high risk newborn is medically 

unstable lS not advisable due to the techn1cal difficulties 

eneountered wi th this enVlronment. However testing the 

neonate when medica1ly stable, closer to discharge, appears 

to increase the prognostlc value of thl s test (Hakamada et 

al, 1981 ; Stockard et al, 1983). SeriaI eval ua tion in 

infancy is crucial as the evolution of any abnormall ties can 

be examined carefully. ThlS study has demonstrated that 

this 1S lnvaluable ln different1ating the severity of 

subsequent di sabili ty . Interpreting a s lngle evoked 

response test would inevitably deerease the prognostic power 

of this test. 

iv) the use of multi-modality evoked re:,ponses: A wider 

distribution of the nervous system may be objectively 

evaluated uSlng multi-modality evoked responses. Important 

caudal and rostral structures are examined simul taneously 

using both ABR and SER. 

v) A comparlson between a standardized, neonatal neurologie 

assessment (Einste1n=ENNAS) and mul ti -modali ty evoked 

response testing was made. Chi square analys i s revealed no 

significant relationship between the ENNAS deviant score and 
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neonatal evoked response findings. Furthermore, in contrast 

to evoked response testing, the ENNAS was a poor predlctor 

of neurologic outcome. A normal ENNAS was associated Wl th 

normal developmental scores ln most children. There have 

been very few studies that have compared evoked response 

findings Wl th neurobehavioral assessments ln hlgh risk 

newborns. In one study, the l -v lnterval of the ABR had low 

but reliable correlations with 4/11 variables ln the 

Brazel ton Scale (Murray, 1988). In a second study by 

Eldredge & Salamy (1988), abnormal1 ties in the Neurologlcal 

and Adaptive Capaclty Score (NACS)were relatlvely common ln 

15 high rlsk newborns whereas only 1/15 had an abnormal ABR. 

The authors conclude that the NACS is sensltive to mild but 

diffuse disturbances whereas the ABR reflects anoxic 1nsul t 

to brainstem struct.ures. Spec1fic 1 tems or clusters of items 

on the ENNAS together Wl th the ABR and SER may have a 

greater predlcti ve value, however further research ln thl s 

area l s needed. 

Relevance 

Researchers and CllnlClanS agree that it lS difflcult 

to accurately predict neurodevelopmental outcome ln hlgh 

risk newborns before the flrst year, al though extremes of 

outcome can be predicted wi th reasonable assurance. For 

example, isoelectric or burst supression EEGs, signlficant 

structural lesions on CT such as a porencephal1c cyst, or 

extens ive hypodense areas on ul tra sound are l inked wi th 
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severe neurologie dysfunction. However, mild to moderate 

are not easily predicted. developmental 

Furthermore, 

deficits 

transient versus permanent developmental 

disturbances cannot be readlly dlfferentlated (Amlel-Tison & 

Ell ison, 1986 ; Illingsworth, 1987) . Therefore more 

effective prognostic tests for gradua tes of the NICU are 

needed. Accurate prediction offers the family a more 

realistlc Vlew of thelr Chlld's prognosis. Those 

ldentified or "diagnosed" early to be at high risk for 

developmental problems would be followed closely and treated 

optimally. Formal therapeutic InterventIon programs may 

begin early, so as ta reduce the seeondary effects of 

neurologlc handicap, as well as to maximize the functional 

potential of the child (Rosetti, 1986) . The abili ty of 

therapeutic interventions to enhance or improve outcome has 

not been adequately proven ln the literature. Therefore the 

efflcacy of treatment programs or a comparison between 2 

therapeutic approaches may be more effectlvely evaluated if 

study patients are first grouped by relative rlsk for 

handicap A specific early intervention program may prove 

to be more successful for infants at risk for only mild to 

moderate developmental deficits, however this finding may be 

masked by includlng infants from all 

categories. 

possIble outcome 

The results of thlS prospectIve study, which examines 

the prognostic value of multi-modality evoked responses ln 

high risk newborns, has demonstrated that the ABR and SER 
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are accurate predictors of neuromotor outcome at 1 year 

corrected age. Serlal testing in lnfancy lS of partlcular 

value for the SER as the evolution of the response reflects 

the extent of neurologic handicap Multi-modal1ty testing 

ln the newborn perl0d has yielded a high sensit1vity and 

speclficity for neurologic handlcap at 1 year of age The 

low false posltlves are particularly slgn1flcant, as few 

patients were falsely labelled. A normal ABR and SER were 

associated with normal developmental scores in aIl areas of 

development. 

This study clearly illustrates that multl-modallty 

evoked response testlng is a useful adjunct to the cl1nlcal 

examination and neuroradl01ogic investigat10n of the hlgh 

risk newbor~, thus lmprov1ng the clin1cian's perspectIve of 

a Chlld's prognosis (see append1x A for example of 2 

cases) . 

Evoked response ~esting cannot stand alone as a 

predictive test, however this study has clearly demonstrated 

that it lS an important part of the neurologlc 

investigation of the high risk newborn. A combinatlon of 

assessment measures, such as EEG, evoked response, cerebral 

lmaglng and the neurologic exam would llkely yleld more 

precise prediction of outcome. This study emphaslzes the 

importance of newborn testing followed by serial testing ln 

infancy, so that the presence and extent of neurologlc 

disability may be more accurately predlcted. 
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APPENDIX A: 2 case histories that demonstrate the importance 

of evoked response testing in providing valuable prognostic 

lnformatlon to the clinician. 

Baby KF· 

Thi s lnfan t suf f ered severe birth asphyxia requir ing 

resuscitatlon and cardiac massage. The inltial EEG showed 

a burst suppres sion pattern however subsequent recordings 

improved and normalized, and the child's clinical 

presentatlon improved rapidlyas weIl. CT showed only 

minlmal anOX1C changes. The SER demonstrated absent N19 

peaks bllaterally and this abnormality persisted to 6 months 

of age. In the ABR, there was an lncrease ln I-1II 

interwave latency This Chlld, now three years of age, has 

severe spastic quadriparesis and l imi ted motor development. 

Baby JE 

This neonate had severe perinatal asphyxla Wl th 

meconlum aspiration and a pH of 6.65. EEG showed a burst 

suppresslon pattern and eplleptlform actlvity. Follow-up 

recordings over the first months of life remalned abnorrnal 

wi th shal p actl Vl ty and sorne depresslon. CT demonstra ted 

hypOX1C changes and the child was very hypotonlc and 

lethargic on discharge. This lnfant had a normal ABR and 

SER and subsequently had normal developmental scores and a 

normal neurologie examination at 1 year of age. 
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