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Pitfalls in using neonatal
brain NAA to predict
infant development

Peter Lally and colleagues' assessed
the relationships between N-acetyl-
aspartate (NAA) concentration and
cognition, language, and motor scores
on the Bayley Scales of Infant and
Toddler Development, third edition
(Bayley-lll). They present convent-
ional MRI and MR spectroscopy data
from 223 infants, 190 of whom
were followed up after mild (n=37),
moderate (n=163), or severe (n=23)
neonatal encephalopathy treated
with therapeutic hypothermia. Infants
were assessed at age 18-24 months.
Moderate or severe disability are
defined in the Article as composite
cognitive and language scores of
less than 70 (severe disability) and
70-84 (moderate disability) and any
of the following: blindness, hearing
impairment, or Gross Motor Function
Classification System level of at least 2.
The primary outcome was the associ-
ation between MR biomarkers and an
adverse neurodevelopmental outcome,
defined as death or moderate or severe
disability.

The study’s main conclusion is based
on the 82 infants in whom thalamic
concentration of NAA was measured
within 14 days after birth, which the
authors maintain “can accurately pre-
dict neurodevelopment 2 years after

Bailey-Ill
cognitive or
language score
<85 >85
Thalamic
N-acetylaspartate
concentration, mmol/kg
<55 11 1
>5.5 14 56

Bailey-ll cognitive or language scores <85 indicate
adverse neurodevelopmental outcomes and
scores =85 indicate normal neurodevelopment.

Table: Number of infants categorised by
thalamic N-acetylaspartate concentration
and Bayley-Ill scores
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neonatal encephalopathy” and “can
be applied to increase the power of
neuroprotection trials while reducing
their duration”.*” However, | argue that
these conclusions are far too strong,
and that the authors’ presentation
of the relevant statistics is misleading.

In 70 infants, NAA concentration is
greater than 5-5 mmol/kg, and their
Bayley-Ill scores are between the lower
levels of 50-70 and upper levels of
120-150. There is no indication that
Bayley-lll increases with increasing NAA
concentration in the plots presented
in the Article. Linear regressions give
slight increases in the motor and
cognitive score plots and a slight
decrease in the language score plot,
but the standard deviations of residuals
are large. It appears impossible, on
the basis of NAA concentration alone,
to discriminate between neonates
who will have poor Bayley-Ill scores
and who might perhaps have cerebral
palsy 2 years later, and neonates who
will have good Bayley-lll scores at
2 years.

| have done my own calculations
(table) using the data for the 82 indi-
viduals in the Article.' The authors
claim that 12 of the 82 infants had
adverse outcomes 2 years later. From
their figures, and using their definition
of adverse outcome, | can identify at
least 25 infants with adverse outcomes,
14 of them among the 70 infants
with NAA concentration greater
than 5:-5 mmol/kg. Only 12 infants
had NAA concentrations of less than
5-5 mmol/kg. 11 of these had very poor
Bayley-Ill scores, ten of which had the
lowest score achievable for the test.
One infant with NAA concentration
of about 4-8 mmol/kg had very high
(144) Bayley-Ill cognitive scores and
scores greater than 100 in the other
two domains. Thus, at least 20% of the
infants with an NAA concentration
greater than 5.5 mmol/kg had mod-
erate or severe disability 2 years later.

These numbers definitely do not
support the statistical statements in
the Article of "area under the curve
[AUC] of 0-99 [95% Cl 0-94-1-00];

sensitivity 100% [74-100]; specificity
97% [90-100]; n=82". Thus, thalamic
NAA concentration acquired soon
after birth in infants with neonatal
encephalopathy is not a sufficient
predictor of neurodevelopment out-
come 2 years later. My conclusion is
that neurodevelopmental follow-up at
age 2 years or later will continue to
be necessary to provide a measure of
outcome in neonatal trials.
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Authors' reply

We thank Lars Wallge for his sub-
group analysis of the Bayley Scales
of Infant and Toddler Development,
third edition (Bayley-Ill) score scatter
plot in our study'. Unfortunately,
there are errors in his digitalisation,
data analysis, and interpretation due
to a misunderstanding of the primary
outcome of our study.

In the MARBLE study, we defined ad-
verse outcome as death or moderate or
severe disability at age 18-24 months.?
We defined severe disability as any of
the following: Bayley-Ill composite
cognitive and language scores less than
70, Gross Motor Function Classification
System (GMFCS) levels 3-5, hearing
impairment requiring hearing aids,
or blindness. We defined moderate
disability as composite cognitive and
language scores of 70-84, and any of
the following: GMFCS level 2, hearing
impairment without the need for
amplification, or a persistent seizure
disorder. This is a widely accepted
definition and has been used in all
major cooling trials.> We provided
the data for N-acetylaspartate (NAA)
concentration in our 2019 Article.!
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