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Abstract t 

Objective:Objective: To assess the interobserver reliability of the neurological optimality score. 
StudyStudy design: The neurological optimality score of 21 full term healthy, neurologi-

callyy normal newborn infants was determined by two well-trained observers. 
Results:Results: The interclass correlation coefficient was 0.31. Kappa for optimality (score 

off 58 or higher) was 0.19. A systematic difference of 1.3 points between the two 
observerss was present. 

Conclusions:Conclusions: The interobserver variability of the neurological optimality score of 
thee newborn infant is substantial. Especially the subtle judgement of elicited responses 
ass optimal or not-optimal proved to be critical in this concordance study. 

AA difference of at least two points in the score is considered as a valid endpoint for 
comparativee studies. If two or more observers are involved in the neurological exami-
nationn of the newborn infant in a study to assess influences on perinatal morbidity, fre-
quentt re-instruction sessions are recommended. 
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Introduction n 

Thee neurological examination of the newborn infant, as described by Prechtl1, provides 
aa detailed assessment of the integrity of the infant's nervous system. It is a rigidly stan-
dardizedd clinical procedure, which allows easy repetition to render reproducible results. . 
Thee complete neurological Prechtl-examination requires approximately 250 different 
itemss to be scored according to well-defined criteria. At the end of the neurological 
Prechtl-examinationn a final neurological diagnosis can be reached. Clear-cut criteria for 
neurologicall syndromes as the apathy syndrome, the hemisyndromes or the hyperex-
itabilityy state are available. A somewhat more subjective clinical judgement is allowed 
alongsidee the strict neurological diagnosis from the complete neurological Prechtl-
examination,, classifying the child neurologically as "normal", "suspect" or "abnormal". 
Thee direct relation between the neurological condition of the infant in the first week 
afterr birth, the neurological diagnosis and the clinical judgement on the one hand and 
thee subsequent neuromotor development on the other hand is not well established.2,3*4 

Spontaneouss recovery and uneventful further normal development occur frequently. 
Thuss the ability to predict infant development from the neurological Prechtl-examina-
tionn is not perfect. 

Inn modern obstetrics results of care are measured in terms of perinatal morbidity. 
Formall scoring systems for handicaps, impairments and disabilities in later adult live 
aree used to classify the late sequelae of perinatal events. The only valuable design to 
acquiree this information is an extensive long-term follow-up of a child's development in 
neuromotorr and cognitive function. The drawback is, that the results of yesterday's 
standardd of perinatal care become available after a long time. Hence, the rapid intro-
ductionn of new treatment modalities in obstetrics and neonatology can not be judged 
byy the gold standard of long term outcome. Moreover, unrelated interval events (as 
traumaa or disease) may hamper interpretation of the results. To overcome these prob-
lems,, Prechtl postulated the "optimality concept".5 A newborn in a neurologically opti-
mall condition in the first week after birth has the best imaginable starting position for 
laterr development. An optimal neurological condition after birth, in this way, is consid-
eredd to be the best proxy for long-term outcome. Apart from the definition of 'normal' 
responsee in the full neurological examination, Prechtl also defined the"optimar 
responsee for a subset of 60 items.. The summation of the number of optimal responses 
yieldss the neurological optimality score, which has been validated against long term 
outcome.. An 'optimal' neurological condition provides the best prospects for an 
uneventfull later development, whereas non-optimality is associated more frequently 
withh later development of handicap, impairment or disability.6 It is obvious that neuro-
logicall non-optimality is not the same as neurologically impaired, disabled or handi-
capped,, but a proxy measure which is rapidly after birth available allowing for assess-
mentt of perinatal treatment policy.7 

Thee use of this neurological optimality score for the evaluation of the introduction 
off new perinatal technologies assumes that it is a reproducible measure. Where the 



it t 
neurologicall examination of the newborn is strictly standardized and a definite neuro-
logicall diagnosis and clinical judgement are well established to be reproducible, for the 
neurologicall optimality score no formal study of inter-rater variability has been reported 
sofar.. In this paper we explore the interobserver reliability of the neurological optimal-
ityy score. 

Patientss and methods 

Fromm a cohort of participants in a randomized controlled trial of domiciliary antenatal 
fetall monitoring versus clinical observation in high-risk pregnancies, we obtained 
informedd consent from 21 parents to have their newborn infant neurologically examined 
twice.. Twenty-one newborn infants were thus examined by two examiners (WMM and 
HS-deH)) at separate times in the appropriate timeframe between 3 and 10 days post-
partum,, at corrected full term age. Both examiners received training in the neurological 
examinationn of the newborn at the department of Developmental Neurology at the Uni-
versityy of Groningen by Prof. B.C. Touwen. For each neurological examination an 
appointmentt was made at the infants home, at the outpatient pediatric clinic or at the 
neonatologyy ward, depending on the place where the infant was. The examinations 
tookk place at least 6 hours apart, in similar conditions (e.g. time after feeding). The 
sequencee of examiner 1 and 2 was randomly determined. A full neurological examina-
tionn was performed and scored on the standard proforma sheet. A neurological diag-
nosiss was made up and a clinical judgment was entered at the end of each examination. 
Thee optimality score was derived at a later stage from the records of the full neurologi-
call examination. The result of the examination of the first examiner was not available 
forr the second examiner. The parents were instructed not to disclose any result of the 
firstt examination to the second examiner. Both examiners were instructed not to ask for 
thee result of the first examination. The study was approved by the medical ethical com-
mitteee of the hospital. 

Statisticall comparisons were made using the packages Epi Info (version 5) and 
SPSSS using Pearson's product moment correlation coefficient, interclass correlation 
coefficient,, kappa-statistics and a graphical method as appropriate. 

Kappaa is a statistical measure to represent agreement beyond chance: it ranges 
fromm 0 to 1, where a value of 1 indicates perfect agreement and a value of 0 that the 
agreementt is no better than chance. For clinical measures in general a kappa of 0.7 or 
higherr is considered indicating excellent agreement, between 0.3 and 0.7 as fair, and 
beloww 0.3 as poor. 
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Results s 

Thee clinical characteristics of the 21 newborns are given in Table 1. It proved that both 
examinerss classified all children neurologically normal. No definite neurological syn-
dromee diagnosis was made in any of these children. Also the clinical judgement of both 
examinerss for all 21 children was normal. None of the children was judged to be "abnor-
mal"" or "suspect". 

Thee neurological optimally score for these 21 newborn infants ranged between 53 
andd 60 for examiner A and between 55 and 60 for examiner B (Table 2). Neurological 
optimalityy scores of 58 and higher are considered to represent an optimal neurological 
condition.. Examiner A rated 8 and examiner B rated 13 infants as optimal. 

Characteristicc Median Range 

Birthweightt (g) 3160 2230-4150 
Gestationall age at delivery (days) 279 258 - 302 
Agee at examination 1 (days) 6 4 - 49 
Agee at examination 2 (days) 8 5 -50 
%% Caucasian 38 
Infantss with definite neurological syndrome o 
Infantss with clinical judgment "suspect" or "abnormal" o 

Tablee 1. Clinical characteristics of the 21 newborn infants 

Observerr B 
numberr of infants 

1 1 
2 2 
5 5 
3 3 
5 5 

3 3 

2 2 

Totall 21 21 

** A Neurological Optimality Score of 58 or higher is considered to be optimal. 

Tablee 2. Frequency distribution of Prechtl Neurological Optimality Score of two 
observerss (n=2i newborn infants) 

Neurological l 
optimalityy score* 

60 0 

59 9 
58 8 

57 7 
56 6 

55 5 
54 4 
53 3 

Observerr A 
numberr of infants 

5 5 
4 4 
4 4 
2 2 

5 5 
1 1 

--
--
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Scoress of two examiners 

52 2 
1 1 

53 3 
1 1 

54 4 
1 1 

55 5 
11 1 

566 57 

EXAMi i 

1 1 
58 8 

1 1 
59 9 

1 1 
60 0 61 1 

Legend: Legend: 

EXAMM 1: neurological optimality score given by examiner 1 

EXAMM 2: neurological optimality score given by examiner 2 

OO : 1 newborn infant 

(pp : 2 newborn infants 

j&& : 3 newborn infants 

-$-- : 4 newborn infants 

Figuree 1. Scatterplot of the neurological optimality score as given by two observers for 
211 healthy, neurologically normal newborn infants. For each infant the 
optimalityy score of examiner 2 is given for the optimality score of examiner 1. 
Pearson'ss product moment correlation is 0.40. The Interclass Correlation 
Coefficientt is 0.31. 

Figuree 1 displays the individual scores for each newborn infant of both examiners. 
Thee Pearson's correlation coefficient was 0.40. The interclass correlation coefficient 

wass 0.31. The kappa for optimality (scores of 58 and higher) was 0.19. 
Too investigate further the nature of the difference between thee observations of the 

twoo examiners, we plotted the differences between the two scores against the mean 

72 2 
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Legend: Legend: 
MN:: mean of the neurological optimality score of the two examiners for each infant 

DIFF:: difference between the optimality score of the two examiners for each infant 

OO : 1 newborn infant 

Cf)) : 2 newborn infants 

®® : 3 newborn infants 

- $ - :: 4 newborn infants 

Figuree 2. Difference per mean plot of the optimality score of two examiners for 21 
healthy,, neurologically normal newborn infants. For each newborn infant the 
differencee between the scores of the two examiners is given for the mean of 
thee scores of the two examiners. 

valuee of the scores (Figure 2). It shows that observer A on average scored 1.333 points 
higherr than observer B (S.D. 1.9) . In five cases the difference was 4 points: for one 
infantt both scores were non-optimal (53 and 57 respectively), for four other infants one 
examinerr scored optimal (score of 60), whereas the other examiner classified the child-
renn as not optimal (score of 56). Review of the original examination sheets revealed no 
systematicc explanation for these differences. 



Off all 60 items of the neurological optimality score we found 26 variables that were 
scoredd as optimal by both examiners. These were items, generally based on observa-
tion,, that were related to optimality of stability of states, position in rest and in supine 
andd posture-variables. For 15 other items of the neurological optimality score examiner 
AA scored all infants as optimal, where Examiner B scored 1 to 6 children as not optimal. 
Thesee items were all responses that were elicited e.g.: sucking response, Bauer and 
Galantt response. The amplitude of the Moro response was in 6 cases found not optimal 
byy this examiner. Examiner B scored for another 7 items all children optimal, where 
examinerr A scored 1 to 3 children as not optimal. These items were e.g.: tremor fre-
quencyy of the Moro response and surprisingly, head circumference. For twelve items the 
infantss were scored differently by both examiners, all but one of them reflexes e.g.: 
kneee tendon reflex, rooting and stepping. Kappa values for theses individual items 
rangedd from 0.08 for the optimality of the threshold for the Moro response, to 0.125 for 
thee optimality of the lip reflex and to 0.5 for the glabella reflex, and 0.5 for the acousti-
call blink. 

Discussion n 

Thee interobserver variability of the neurological optimality score in this series of 21 neu-
rologicallyy normal newborns proved to be of a level somewhat higher than in general 
mightt be expected for a rigidly standardized clinical examination. A kappa for optimal-
ityy of 0.19 and an interclass correlation coefficient of 0.31 is rather disappointing. How-
ever,, four important factors should be taken into account. Firstly, the neurological opti-
malityy score is a global derivative of the full neurological Prechtl-examination, which 
consistss of formal scoring of about 250 variables and a continuous rather than a 
dichotomouss total score. Secondly, our sample of 21 apparently neurologically normal 
newbornn infants covers only the small upper part of the scale with consequent loss of 
discriminativee power and an increased role of random error. Despite the small sample 
sizee of this study we do not expect the results to be much different in larger sample of 
similarr children. The results, surely, may be expected to be better if this study was per-
formedd in a group covering the full range of possible optimality scores, i.e. also con-
tainingg some neurologically not normal children. Thirdly, this add-on study tested 
agreementt under practical field conditions. Finally, differences to some extent could be 
explained:: the more manipulations are required, the lower the agreement. In adults a 
similarr low agreement on reflexes has been reported.8 The subjective decision of an 
examinerr to classify a certain elicited response, as firm or less firm remains the weak 
cornerr stone of any clinical neurological examination. 

Thesee results do have implications for the use of the neurological optimality score 
ass an instrument to assess effects of changes in policy in obstetrics and neonatology. 

Forr evaluative studies on changes in obstetric or neonatal treatment policy we 
claimm a difference of at least two points in the optimality score to be taken as a clinically 
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relevantt outcome benefit. The interrater variability in our study showed a systematic 
deviationn between two examiners of 1.3 points. When a smaller difference is observed, 
itt might be explained by the variability in the endpoint assessment itself. Appointing 
onlyy one examiner to assess all children could circumvent this problem. Then, intra-
observerr reliability must be high enough to justify this approach. We were not able to 
studyy this additionally in this context. 

Iff two or more observers are involved in the neurological examination, with sub-
jectss judged by only one of them, as for example in large field studies, interobserver 
variancee should be checked for frequently by re-instruction sessions. Use of a video-
observation99 of the neurological behavior of the newborn child may prove of more value 
ass all observational items were rather consistent, whereas the more subtle judgment of 
ann elicited response, as a tendon reflex, proved to be the most delicate in terms of 
agreement.. Therefore, we suggest that in small studies the results of two or more exam-
inerss for all children should be taken into account or, although less easy to quantify, 
onlyy the results of the full Prechtl examination. 
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