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Neurodevelopmental Outcome at Seven Years in Term, Acidotic Newborns

Abstract:

Di vi neyl, R Pi nnanmaneni 1, JFA NUrphyZ, B Lynchz, H Rushez, C Madi ganz, M Gearyl, A Foran'
,Rotunda Hospital, Parnell St, Dublin 1
Children s University Hospital, Tenple St, Dublin 1

Abstract

The objective was to follow up a cohort of acidotic full-terminfants with or w thout hypoxic ischem c encephal opat hy
(H'E) and determine if at 7 years they displayed any neurodevel opnental delays. Children (n=44) were divided according
to those with mld (n=25) or severe (n=19) acidosis and were then further subdivided into those with or without H E.
Participants were assessed using the Wechsler Intelligence Scale for Children (WSC-1VUK) and Achenbach Child

Behavi our Checklist (CBCL). No differences in WSC | VUK scores in children without H E irrespective of the cord pH

val ues were found. Children with H E grade | scored significantly higher in perceptual reasoning than those with grade
Il (p<0.01). CBCL scores reveal ed no differences between groups. Findings suggest evidence of inpairnent at

school -age that correlates with the degree of encephal opathy. Acidosis wthout the presence of clinical encephal opathy
was associated with normal outcone.

I ntroduction

H E ocgurs in 1-3/1000 live births and can result in significant neurologic norbidity and nortality in the term
infant™ " There is a spectrumof severity ranging fromSarnat grade | to grade IIl. Gade | refers to nild HE, grade
Il moderate HE and grade |11 severe HIE. Research has traditionally focused on devel opmental consequences at
relatively young ages™ . Studies suggests nornmal cognitive and behavioyral devel opnent in nild grade I H E groups’,
moderate grade Il H E display incgggsed hyperactivity and | ower scores , Whereas the severest grade |II H E group
show poorest cognitive attainnment " ™". There remains continued uncertainty about thg relationship between acidosis at
birth, the devel opment of H E fol lowing perinatal asphyxia and |ong-termoutcomes™ . Qe study found that once the
unbilical cord pHis <7.2, it can lead to neurodevel opmenta) dysfunction at 1-2 years that can continue to school
age, with deficits particularly seen in verbal functioning”. Contrary findings, however, found that | ower cord pH
(<7.0) did not result in any significant deficits in cognitive or behavioural functioning when conpared with sinilar
aged controls™. Gven these inconsistencies, this study ainmed to exam ne the effect of both acidosis and H E on
cognitive and behavioural outcomes. It is hypothesised that the nore significant the |l evel of acidosis at birth, the
greater the inplication for negative cognitive inpact on developnment. It is also hypothesised that all children with
H E will have | ess positive cognitive outcones, and that within the H E group those with severe acidosis will do worse
than those with mld acidosis.

Met hods

A cohort of terminfants (n=64; >37 weeks gestation) were recruited who net one of the following criteria: energency
section, instrunental delivery, presence of meconium stained liquor or low pH (=7.25) fromfetal blood sanpling taken
during labour. Al infants who nmet the inclusion criteria had arterial cord pH values taken after delivery. Infants

with a cord pH value = 7.0 and all infants who had clinical signs of encephal opathy irrespective of cord pH val ues
were recruited. All infants were exam ned clinically and were deenmed to be either nornal or have varying degrees of
encephal opat hy. The degree of encephal opathy was classified during the first week of life as mld, noderate or severe
(stages I, Il or 11l according to Sarnat and Sarnat (1976)). The remmining infants were then subdivided based on cord

pH val ue. Exposure to severe acidosis was quantified as a cord pH value = 7.0 (n=25). The non-exposed were those
infants with an arterial cord pH value of 7.0 - 7.25 (n=606). For each infant with a pH value = 7.0 and who had no
signs of encephal opathy, the next three consecutive infants who nmet the study criteria, were clinically normal and had
a pH value of 7.0-7.25 were taken as controls (n=32). As spontaneous vagi nal delivery and el ective Caesarean section
were considered low risk deliveries, those infants were excluded. During the study period there were 5,800 term
deliveries, of which 631 were acidotic (arterial cord pHvalue = 7.25). O these 631 infants, 25 were severely
acidotic with a cord pH value = 7.0 and 606 were nmldly acidotic with a cord pH value at birth of 7.01 - 7.25. W
prospectively recruited all infants with a cord pH value = 7.0 who net the study criteria and all infants who had
clinical signs of encephal opathy irrespective of cord pH values. Fromthis population, it was found that as the cord
pH dropped below 7.0 the rate of encephal opathy increased 16 fold (see Table 1). 61 children were eligible for
followup; 22 with HE and 42 controls. 44 conpleted follow up giving us a total follow up rate of 72% There were 22
children with HYE, of which 3 had died and 3 were not contactable | eaving an available 16. O this, 3 declined
consent, giving a followup rate of 13/16 (81% in the available H E group. There were 42 in the control group; 7 were
not contactable and 4 refused, giving a followup rate of 31/35 (89% in the avail able control group.

Fol | ow-up cognitive and behavi oural assessment was carried out on this group of infants at age 7 years 6 nonths (n =
44) by one psychol ogi st (MD). Two highly experienced psychol ogi sts (CM and HR) supervised the training and ensured the
standard of assessments. The assessor was blinded to cord pH values. After all assessnments were conplete, children
wer e divided according to those with HE (n = 13) and without HHE (n = 31). These were further subdivided after
assessnment into those with HE with severe acidosis (n=8), or with mld acidosis (n=5), and those without HE, with

ei ther severe (n=11) or mild (n=20) acidosis. In addition, H E children irrespective of cord pH were conpared based on
Sarnat grading: HE I (n=5), HIEIl (n=5) and HHE Ill (n=3). All children were assegsed in the hospital. Cognitive
ability was neasured using the Wechsler Intelligence Scale for Children-4th Edition (WSCIV). This clinical

i nstrunment provides scores that represent intellectual functioning across a nunber of indices, including the verbal
conprehension (VCl), working nenmory (WM ), perceptual reasoning (PRI) and processing speed (PSI) and the full scale 1Q
(FSIQ with each index having a nean conposite score of 100 and a standard devi ation of 15.

Behavi our al devel opnent was neasured using the Achenbach Child Behavi our Checklist 6 18 years (CBCL) ¥ whi ch was
conpl eted by the parent on the day of the assessnent. All scores were categorised into conpetence, internalising and
externalising behaviours and the T-scores for each of these areas were conputed. Statistical analysis of the data was
carried out using SPSS (v17). Due to a violation of the assunption of normality in the study sanple, non-paranetric
tests including Mann-Witney U tests and Kruskal Wallis were used. Statistical significance was reached when p < 0.05.
Et hi cal approval was obtained fromthe Children s University Hospital, Tenple Street ethics commttee and full

consent obtained fromall parents.

Resul ts
Denogr aphi ¢ I nformation

Denographi c details of all children were obtained. Few differences were noted between the groups (Table 2).

W SC- |V Conposite Scores

Mann- Wi tney U tests were used to anal yse conposite score data on each of the five WSC-1V indices. Mean scores of the
severe acidotic group (+/- HE) were lower than the nmildly acidotic group (+/- H E), however this was not
statistically significant (p values>0.05; Table 3). Examination of the nmean scores of the severe acidotic group with
H E reveal ed an overall pattern of |ower scores across all five WSC-1V indexes when conpared to severely acidotic
children without HHE. However, this was not statistically significant (p values>0.05; Table 3).

Conpari son between children with or without HE
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The effect of H E alone, irrespective of cord pH, revealed no statistical significance in any of the WSC- 1V conposite
scores (p>0.05; see Table 3).

H E Sarnat Score Conparisons

W SC- 1V conposite scores were assessed within the H E group; this revealed a pattern of |ower scores only for the HE
Il group on all indexes. Significant differences between the groups were only revealed in the perceptual reasoning
index, wth H E grade |1l children (Mean: 76.33 SD: 15.7) scoring significantly |lower than those with H E grade |
(Mean: 112.75, SD. 5.5; p<0.01).

Achenbach Child Behavi our Checklist Scores

Behavi oural problens were assessed using the CBCL. Mann-Whitney U tests conparing T-scores on the conpetence,
internalising and externalising scales reveal ed no significant differences between the children with or without
clinical HE, with either severe or mld acidosis on any of the scales. There was also no differences noted in the
severely acidotic children with or without HHE (p val ues>0.05; Table 4).

Conpari son between children with or without H E

CBCL behavi oural conparisons were made between children based on the presence or absence of H E. Significant
di fferences between the groups on the internalising T-score only were found (p=0.014), however neither groups score
reached clinical significance.

HI E Sarnat Score Conparisons

CBCL scores were further assessed to determine if the grade of encephal opathy lead to any | ong term behavi oural
probl ens. For this, each of the H E Sarnat groups (l-111) T-scores were assessed. Results reveal ed no differences
bet ween groups in any score.

Di scussi on

Acidotic infants, irrespective of the severity of acidosis, wi thout any clinical signs of encephal opathy did not
display long-termcognitive or behavioural inpairnment at age 7.5 years, with both the mild and severe agjdotic groups
scoring within the average range on all indices. A simlar finding has been reported by Wldschut et al™, i.e. no
correl ati on between cognitive outcones and cord pH when assessing children at 4 years. Qthers al so suggest that |ow
cord pH,dges not |ead to Long-term neurol ogical problems and that only very |ow pH scores have |ater undesirable
effects™"". Yudkin et al ™, also report that acidotic infants w thout encephal opathy had no significant cognitive

del ays when conpared to normal controls at 5 years. Acidotic infants with encephal opathy at birth were al so assessed
for followup. In this group, infants with severe acidosis had consistently | ower scores on all WSC- 1V indexes in
conparison to the mld acidotic group; however, these differences did not reach statistical significance. This could
be gue to the | ow nunbers observed in each group, as a sinilar significant pattern of |ower scores were reported by
Toh™, who had a study popul ation of 35. Specifically, Toh™ found, through retrospective assessmgpt, that infants with
H E who were al so acidotic at birth were nore likely to have disability at 18 nonths. Takenouchi ™ al so found that the
paral l el occurrence of H E and acidosis led to |ater abnormal devel opnental outconmes during infancy, suggesting that
acidosis is a critical factor to consider when | ooking at the long-termoutconme of infants, particularly when it is
coupled with the presence of HE.

Interestingly, descriptive statistics initially indicate higher nean scores on the WSC 1V for children with H E who
had mild acidosis in conparison to mildly acidotic children without H E. Further anal yses, however, indicate no
significant differences between these groups (data not shown). Further conparisons made between children with or

wi thout HI E indicated no differences on cognitive or behavioural scores. Further subgroup anal ysis of encephal opathic
children reveal ed cognitive inpairments in the nost severe H E group in the area of perceptual reasoning. This finding
may signify a spectrum of cognitive inpairment at school age which correlates with the degree of encephal opathy at
birth. Due to | ow nunbers in these subgroups, however, it is difficult to accurately interpret the findings. Earlier
research has, however, provided evidence of a similar spectrumof difficulty with normal cognitive devel opment evi dent
in mld and noderatel y,encephal opathic groups at school age 8-9, whereas those severely affected displaying nost
significant inpairment .

Overal | the encephal opathic group also displayed a relative area of weakness in working menory scores when conpared to
verbal reasoning outcomes. Marlow et al similarly noted a |ower score in the area of nmenory in children with HE This
di screpancy may al so be due to attentional deficits; an area often conpromi sed in neurol ogically damaged patients.

Wi | e behavioural assessnment with the CBCL did not reveal attentional disorders within this group, it has been
previously reported that children with H E display attention and hyperactivity difficulties™™. Overall, our findings
suggest evidence of cognitive inpairnent at school-age that correlates with the degree of encephal opathy. Acidosis

wi t hout the presence of clinical encephal opathy was associated with nornal outcone.
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