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tN THE RECENT PAST, neonatal central nervous 
system depression produced by narcotics, tran- 
quillizers and anaesthetic agents has been mea- 
sured by depression in the Apgar score. Depres- 
sion of the Apgar score by drugs in the presence 
of the intense sensory stimulation of birth means 
that the dose was too large, the baby unduly 
sensitive or the dose was given too close to deliv- 
ery. The limitations of the score were recognized 
by Apgar who stated that ". . .  it is no substitute 
for a careful physical examination or serial ob- 
servation over the first few hours of life". 2 Fol- 
lowing the work of Prechtl and Beintema, 3 

Brazelt0n, 4 and Scanl0n, t a large number of 
neurobehavioral tests have been devised for the 
neonate which can be repeated throughout the 
neonatal period. 

Meperidine administered to the mother has 
been shown to depress the Apgar score and the 
effect is time and dose related2 Respiratory func- 
tion is also depressed. The oxygen saturation is 
lowered in the first 20 minutes of life following the 
intravenous administration ufmeperidine 100 mg 
to the mother within 60 to 90 minutes of delivery. 7 
There is a significant increase in carbon dioxide 
retention and respiratory acidosis in babies 
whose mothers have received meperidine 100 mg 
within three and a half hours of delivery. 8 Ther- 
moregulation is also depressed following large 
doses. 9 

In view of the effect of meperidine on the Apgar 
score and the respiratory and thermal regulatory 
function in a minority of infants, it was felt of 
importance to study the effects of meperidine on 
neonatal neurobehaviour in normal term babies 
delivered from healthy women after a normal 
labour and showing no clinical evidence of re- 
spiratory depression or a reduced Apgar score. 
To make such an evaluation the Early Neonatal 
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Neurobehaviour Scale (E.N.N.S.) tests de- 
scribed by Scanlon, e t  a l .  K were administered to 
920 neonates on the first and second days of life. 

METHOD 

The 920 neonates were delivered under four 
different anaesthetic techniques. Table I lists the 
percentage of mothers in each group who were 
treated with oxytocin or were delivered by for- 
ceps. Table II further describes the mothers and 
babies in terms of drugs received, length of 
labour, age, weight and height of the mother and 

weight of the baby. 
The first group consisted of 280 babies whose 

mothers received epidural anaesthesia with a 
mean dose ofchloroprocaine 510 (__.225) mg given 
over 2.3 (--1.1) hours. One hundred and 
seventy-seven of the mothers did not receive 
meperidine, while 81 received 50 mg and 22 re- 
ceived 75 to 150 rag. The second group consisted 
of 180 babies whose mothers had induction of 
anaesthesia with a mean dose of ketamine 0.7 
mg/kg intravenously, followed by 6 litres/min of 
each of nitrous oxide and oxygen until delivery. 
Forty-five of these mothers did not receive 
meperidine, 88 received 50 mg intravenously 
within four hours of birth and 47 received 75 to 
150 rag. The third group consisted of 180 babies 
whose mothers were induced with a mean dose of 
thiopentone 3.2 (---0. I) mg followed by 6 litres per 
minute each of nitrous oxide and oxygen until 
delivery. Fifty-two of these mothers did not re- 
ceive meperidine, 72 received 50 mg intrave- 
nously within four hours of delivery and 56 re- 
ceived 75 to 150 rag. The induction to delivery 
interval was 3.9 (~1.1) minutes for the thiopen- 
tone and 3.8 (-1.2)  minutes for the ketamine 
group. The fourth group consisted of 280 babies 
whose mothers had a pudendal block with 
lidocaine 200 to 400 rag. One hundred and fifteen 
of the mothers did not receive meperidine, 117 
received 50 mg and 48 between 175 to 150 rag. All 
the mothers receiving meperidine also received 
promethazine (Table IlL 

An assessment of neurobehaviour was made 
on the 920 neonates on the first and second day of 
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life, during the hour befo]-e feeding, by one inves- 
tigator unaware of the anaesthetic management, 
method of delivery or perinatal risk factors. Test- 
ing was done in a quiet constant temperature 
environment,  with the baby awake or in a light 
sleep. To obtain similar groups for comparison 
only babies fi'om spontaneous or low forceps de- 
liveries resulting in a normal baby of over 2500 
grams in weight with an Apgar score of at least 8 
at one minute and 10 at five minutes were tested. 
On the first day of testing the babies were be- 
tween 4 and 24 hours of age when examined (a 
mean of 9.2 hours for the thiopentone group, 8.6 
for the ketamine, 8.2 for the epidural and 8.7 for 
the pudendal block groups). The second exami- 
nation was performed 24 hours later. 

The neurobehavioural scale used was that of 
Scanlon, et al.' whose paper should be consulted 
for details. It consists of a description of the 
baby 's  state of activity followed by 13 assess- 
ments, including four decrement responses per- 
formed in a set sequence selected to rouse the 
baby to m~xirnal activity. The slate is described 
as deep sleep, light (R.E.M.) sleep, drowsy, little 
activity, bright and alert, and intense crying. 
Apart fiom the habituation (decrement) tests, 
scoring is on a four-point ranking (ordinal) scale. 
The response was recorded as 1 for absence, 2 for 
weak or delayed, 3 when intermediate and 4 when 
strong o r  full. Pin-prick response measures the 
withdrawal reaction to a blunt pin applied to the 
sole of the foot. Tone [s judged by pulling the 
infant gently to a sitting position, by arm recoil on 
gently extending the forearm, by suspending the 
baby horizontally with the hand under the abdo- 
men and by a general impression of body tone. 
Rooting is graded by the vigour of the response to 
gently strokes at the corner of the mouth. Sucking 
is scored from no response to long periods of 
vigourous sucking to the distal joint of the index 
finger. The Moro response is assessed by the 
extent of the embracing reaction following a 
twenty-five-degree head-drop in the supine posi- 
tion. Decrement response to light, pin-prick, 
Moro response and the sound of a bell is the 
number of stimuli up to 12 that have to be applied 
before the infant first decreases its response. To 
judge placing, the baby is suspended in an upright 
position and the dorsum of the foot allowed to 
touch the protruding edge of the bassinet. Scoring 
is based upon ~.he degree of flexion and extension 
of the stimulated leg until the placement of the 
foot on the edge is obtained. Alertness is judged 
from dull or absent response to response to all 

stimuli. The overall score forces the examiner to 
judge the infant 's overall performance. 

RESULTS 

The "Ear ly  Neonatal Neurobehavioural 
Scale" is a four-point ordinal (ranking) scale and 
statistical significance is assessed by a non- 
parametric test, chi-square. To obtain sufficient 
numbers in the cells of the contingency table, 
scores were divided into " h i g h "  and "low'" 
scores and the results of tests following me- 
peridine 75 to 150 mg were combined. 

Comparison of the neonatal neurobebaviourat 
scores showed marked differences between 
groups of patients when these were compared for 
the anaesthetic and the amount of meperidine 
,administered. No significant differences were 
found in regard to the age of the patient, the 
duration of labour or the use of forceps or oxyto- 
cin. 

D~Cferences between meperidine dose groups 
The percentage of high scores for overall re- 

sponse, tone, rooting, sucking, Moro response, 
placing, alertness and decremental scores to 
light, sound and pinprick were progressively 
lower with each increment of the dose of 
meperidine on both the first- and second-day 
examinations regardless of the anaesthetic used. 
For most tests, statistical significance was 
reached with the probability ranging from p < 
0.05 to p < 0.001 (Figures I, 2, 3 and 4). 

Difference between anaesthetic groups when 
rneperidine had not been used 

General and regional anaesthesia 
The combined epidural and pudendal groups 

showed a greater percentage of high scores than 
the two general anaesthesia groups on both day 
one and day two for overall assessment (p < 
0.001), rooting (p < 0,01), sucking (p < 0.001), 
Moro response (p < 0.001), placing ( p < 0.01), 
alertness (p < 0.001) and total decrement score 
(p < 0.01). On day two the score for tone was also 
significantly higher after regional anaesthesia (p 
< 0.01). 

Epidural and Pudendal Block 
On day one a greater percentage of high scores 

were found with chloroprocaine epidural block as 
compared to lidocaine pudendal block (p < 
0.001). Otherwise, there were no significant dif- 
ferences. 
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can never be precise and the assessment  will vary 
from observer  to observer .  In such a situation, 
the assessor  should be " b l i n d "  to the perinata] 
risk factors,  preferably " n a i v e "  to the purpose of  
the trial and only one evaluator should be used, to 
eliminate differences be tween observers ,  In this 
trial the smallest detectable difference from nor- 
mal was given a one-point difference either up- 
ward or downwards .  

The effect of  drugs may be cons idered  against 
the background of  ttie physiological capabilities 
o f  the neonates  at birth. At birth all the sensory 
sys tems are functional, al though there are differ- 
ences  in the threshold to response  as compared  to 
the adult. Memory  and learning ability are shown 
by habituation, classical Pavlovian conditioning 
and operant  conditioning. A neonate should 
therefore be considered a responsive human cap- 
able of  receiving sensory in-put, reacting to it and 
learning from the experience.  Any drug altering 
this active,  sensitive mental activity has a poten- 
tial for disrupting normal neonatal activity and 
parent-child relationships. Neonatal  neuro- 
behavioural tests administered by a s tandardized 

FIGURE I. Percentage of high neurobehavioural 
scores in neonates whose mothers received no 
meperidine (n = 177), meperldine 50mgand meperidine 
75 to 150 mg within four hours of delivery and who also 
had chloroprocaine epidural anaesthesia. 

Ketamine-Nitrous Oxide and Thiopentone- 
Nitrous Oxide 

The percentage of  high scores  was greater fol- 
lowing ketamine-nitrous oxide on day one for 
overall score  (p < 0.05), total habituation score 
(p < 0.05), and alertness (p < 0.05). The only 
significant difference on day two was for rooting 
(p < 0.05). 

DISCUSSION 

Since a neurobehavioural  assessment  is eval- 
uated on a ranking (ordinal) scale which is equiv- 
alent to classifying the response  as superior,  bet- 
ter than average,  average,  worse  than average,  
etc. ,  two points regarding the analysis o f  results 
deserve  emphasis .  The first is that parametric  
statistical manipulat ions such as means  and stan- 
dard deviat ions on numbers  used merely as 
short-hand symbols  for a descript ion are not ap- 
propriate forms of  statistical analysis.  Results  
should preferably be analyzed in te rms of fre- 
quency of  a given response  and not the mean 
score  o f  the response ,  t6 The second point is that 
the definition o f  normal,  bet ter  than normal,  e tc . ,  

FIGURE 2. Percentage of high neurobehavioural 
scores in neonates whose mothers received no 
meperidine (n = 45) meperidine 50 mg (n = 88) and 
meperidine 75 to 150 mg (n = 47) and who also had 
general anaesthesia induced with ketamine. 
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which correlates well with impairment of waking 
states, arousal activity and muscle ton& 
BrackbilP 6 has shown that at 46 to 56 hours of age 
the neonates take twice as long to habituate to 
noise when their mothers have been exposed to 
meperidine. Using the Brazelton neonatal 
neurobchavioural scale Brackbill has also found 
that the total score, interest in the tester 's  voice, 
defense to airblock, consolability, cuddliness and 
number of states entered were all depressed. 

It is not yet possible as a result of neuro- 
behavioural testing to make any dogmatic rec- 
ommendations for changes in the present in- 
trapartum medication used by obstetricians and 
the anaesthetists. It would seem advisable to 
avoid drugs in doses which modify tone and suck- 
ing. Although the effect may not be crucial to the 
normal neonate, a reduced response may become 
an absent response in the drug-sensitive or may 
tip the balance of survival in the high risk baby 
Work has not yet been done on the effects of 
drugs on learning and memory, particularly clas- 
sical and operant conditioning. However, in the 
first few days of life important new relationships 

FI6r0RE 3. Percentage of high neurobehavioural 
scores in neonates whose mothers received no 
meperidine (n = 52), meperidine 50 mg (n = 72) and 
meperidine 75 to 151) mg (n = 56) and who also had 
general anaesthesia induced with thiopentone. 

technique are very sensitive to the effects of both 
narcotics and anaesthetic agents. Quimby ~ de- 
scribed them as being ". . .  as sensitive as elec- 
tromicroscopy for detecting damage from expo- 
sure to a trace level of toxicant' '. 

Administration of meperidine to the mother 
has been shown to depress neurobehaviour in the 
neonate for up to four days of age. Erode 12 dem- 
onstrated that the duration of wakefulness follow- 
ing the administration of meperidine 50 to 75 mg 
to the mother was less than half that of unexposed 
neonates in the first eight hours of life. For the 
first two hours non-R.E.M, sleep was increased 
by 400 per cent and in the subsequent eight hours 
by 50 percent.  Attentiveness and visual scanning 
were evaluated on the second to fourth days of 
life by Stechler/3 He found that the mean scan- 
ning time of paper marked with simple designs 
was twice as Iong for babies unmedicated with 
narcotics or tranquillizers. Rosen and his col- 
leagues have demonstrated modifications of the 
foetal electroencephalogram within two minutes 
of the administration of meperidine to the 
mother, l '  The effects on the neonatal electro- 
encephalogram persist for at least four days, ~s 

FIGUnE 4. Percentage of high neurobehavioural 
scores in neonates whose mothers received no 
meperidine (n = 115) meperidine 50 mg (n = 117) and 
meperidine 75 to 150 mg (n = 48) and who also had an 
r block with lidocaine. 
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are being established and the effect of drugs on 
the interacting triad of mother, father and baby is 
being evaluated. A study ~7 of perinatal child be- 
h~lviour at 6 to 48 hours after delivery found a 
positive corn'elatlon between medication and 
maternal vocalization and rocking, but a negative 
correlation to paternal vocalization and rocking. 
This would suggest that the mother struggles to 
make the baby respond while the father is 
" turned off"  by a drowsy baby. 

Results so fan" would support the anaesthetist 's  
preference for regional over general anaesthesia. 
Of the regional techniques, epidural anaesthesia 
gives more pain relief for each mg of local 
anaesthetic than other regional techniques, with 
the exception of spinal anaesthesia. Foetal expo- 
sure is reduced by the use of chloroprocaine, 
which is rapidly metabolized and bupivacaine, 
which is bound to maternal plasma proteins. 
Limiting the dose of meperidine to the smallest 
dose needed to control pain in the individual pa- 
tient is preferable to the routine use of a standar- 
dized dose every few hours, a method which is 
still being used in some obstetrical units. A mini- 
mal dose of thiopentone is now widely used. 
Ketamine may have advantages as an inducing 
agent but more work is needed comparing mini- 
mal doses of ketamine with minimal doses of 
thiopentone. 

SUMMARY 

The Early Neonatal N e u r o b e h a v i o u r a l  Scale 
(E.N.N.S.)  tests, first described by Scanlon, e t  
al .  ~ were administered to 920 neonates on the first 
and second days of life. Meperidine was not given 
to 389 mothers, 50 mg was given to 358 mothers 
and 75 to 150 mg to 173 mothers within four hours 
of delivery. The delivery was conducted under 
chloroprocaine epidural anaesthesia in 280, 
ketamine-nitrous oxide general anaesthesia in 
180, thiopentone-nitrous oxide general anaes- 
thesi~b in 180 and lidocaine pudendal block in 280. 
All babies were over 2500 grams in weight with an 
Apgar score of at least 8 at one minute and 10 at 
five minutes. All were delivered from healthy 
women 18 to 35 years of age following a normal 
labour. The evaluator was unaware of the 
anaesthetic management, the method of delivery 
or the perinatal risk factors. There was no sig- 
nificant difference between the mothers and 
babies in the three meperidine dosage groups for 
maternal parity, maternal age, birth weighf, 
number  of forceps deliveries or duration of 
labour. 

Administration of meperidine was associated 
with a broad spectrum depression of most items 
on the E.N.N.S. on both the first and second days 
of life. The depression was greatest with  the 
highest dose of meperidine. The depression pro- 
duced by anaesthetic agents and meperidine were 
additive and the highest scores on this scale were 
obtained in those babies delivered under chloro- 
procaine epidural anaesthesia without mepe- 
ridine. 

RIESUM~ 

Ces dernib.res ann6es, la d6pression produite 
par les nancotiques, les neuroleptiques et les 
agents anesth6siques sur la syst~me nerveux cen- 
tral du nouveau-n6 n 'a  6t6 mesur6e que pa, Fin- 
dice d'Apgar.  Cette baisse du r6sultat de I'Apgar 
caus6e par des m6dicaments malgr6 la stimula- 
tion intense de la naissance signifiait que la dose 
6tait trop forte, le b6b6 susceptible de Ia~;on 
exag6r~e ou que la dose 6tait administr6e trop 
pros de l 'accouchement. Les limites inh6rentes ~t 
l ' indice d 'Apgar ont 6..t6 reconnues pat" Apgar 
elle-m6me qui 6crivait que I'indice ne pouvait se 
substituer 5. un examen physique minutieux ou ~a 
I 'observation r6p6t6e Iors des premieres heurs de 
la vie. Avec les travaux de Preehtl et Beintema, 
Brazelton, et Scanlon, sont apparus ptusieurs test 
du neuro-comportement du nouveau-n6, tests qui 
peuvent ~tre r~p6t~s pendant la p~iode n6onatale. 

Les auteurs ont 6vain6 le neuro-comporte- 
merit pr6coce de 920 nouveaux-n~s en utilisant 
l '6chelle 6tablie par Scanlon et ses collaborateurs 

la premiere et h la deuxi~me journ6e de la vie. 
Un groupe de 389 m~res n 'avait  pas re~:u de 
m6p6ridine, alors que 358 en avaient re~:u 50 rag, 
173 de 75 mg ~ 110 mg dans ]es quatre heures 
pr6c~dant raccouchement .  L 'accouchement  fut 
effectu6 sous anesth6sie p6ridurale ?a la chip- 
procaine darts 280 eas, sous k6tamine associ6e au 
protoxyde d'azote darts 180 et sous bloc honteux 
darts 280 cas. T o u s l e s  b6b6s pesaient plus de 
2500 g e t  avaient un Apgar d'au moins huit ~. la 
premiX:re minute et de dix h la cinqui~:me minute. 
Toutes les m~res 6talent en bonne sant6, 6taient 
~g6es de 18 ~ 35 ans et connurent un accouche- 
ment normal. L'6valuateur ne connaissait ni 
I 'anesth6sie utilis6e, ni le  mode d 'accouchement,  
ni les facteurs de risque de la p6riode p6ri-natale. 
I1 n'y cut aucune diff6rence significative pour les 
trois groupes d6termin6s par la dose de m6p- 
6ridine en ee qui concerne la parit6, I'~ge de la 
m~re, le poids du b666 b. la naissance et l'inei- 
dence d'applications de forceps ou la dur6e du 
travail. 
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Un aba i s semen t  genrra l  de t o u s l e s  pa ram~t res  
du tes t  de Scanlon  fut associ6 b. I ' adminis t ra t ion 
de mrp r r i d ine  pour  t o u s l e s  b r b r s  au premier  et 
au deuxi~:rnejour de vie. Ce t  abM ssemen t  fur plus  
marqu6  pour  la dose  la plus 61evre de  mrpr r id ine .  
I1 fur not6 que I 'addition d ' a g e n t s  a n e s t h r s i q u e s  
]a mrp r r i d ine  aggravai t  ce t te  d rp r e s s i on  et que  
les mei l leurs  r r su l ta t s  su r  1'rchelle de  Scanlon  
6talent ob tenus  Iors d ' a n e s t h r s i e  p~ridurale "~ la 
ch loproca ine  sans  mrpr r id ine .  
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