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Acylcarnitine profile in neonatal hypoxic-ischemic
encephalopathy
The value of butyrylcarnitine as a prognostic marker
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Abstract
Optimal prognostic markers evaluating early neuroprotective interventions in neonatal hypoxic-ischemic encephalopathy (HIE) are
lacking. This study was designed to assess the prognostic value of acylcarnitines in neonatal HIE.
An observational cohort study was conducted over 10 years in 67 HIE. Variables analyzed included sex, blood cord pH, Apgar

score, hypothermia treatment (yes/no), neuron-specific enolase (NSE) levels, and clinical outcome (neurological examination, brain
magnetic resonance imaging [MRI], and electroencephalogram) before discharge and at 6 months. Acylcarnitine profiles were
analyzed by tandem-mass spectrometry on dried-blood spots collected on day 3 for newborn screening. A cohort of healthy
newborns was used as control group.
HIE patients had significantly increased C4, C5, C5:1, C6, C6-OH, C8 levels (all P< .01) and decreased long-chain acylcarnitine

levels (P< .03). Hypothermia treatment was associated with a decrease in C4 levels (p=0.005) and an increase in most long-chain
acylcarnitine levels (P< .01). A significant association was found between C4 levels and NSE on day 1 of hypothermia treatment
(P= .002) and abnormal brain magnetic resonance imaging (MRI) at discharge (P= .037). In the hypothermia group, C4 levels
decreased in patients with favorable outcomes but remained high in those who progressed unfavorably.
C4 appears to be a good prognostic marker in HIE, as blood levels correlated with NSE levels and abnormal MRI findings.

Furthermore, hypothermia did not lead to decreased levels in patients with adverse outcomes.

Abbreviations: ACP = acylcarnitine profile, C4 = butyrylcarnitine, EEG = electroencephalography, HIE = hypoxic–ischemic
encephalopathy, IMD = inherited metabolic diseases, MRI =magnetic resonance imaging, NSE = neuron-specific enolase, SCAD =
short-chain acyl-CoA dehydrogenase.
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1. Introduction

Acylcarnitines are analyzed primary to detect inborn errors of
metabolism in the neonatal screening. Impaired acylcarnitines
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profile not only may be a consequence of inherited metabolic
diseases (IMD), but also might be the reflection of different
pathologies such as sepsis, malnutrition, type I and II diabetes,
obesity, and intrauterine growth restriction.[1–6] This versatility is
due to the fact that the free hydroxyl group of LC—a semi-
essential nutrient for the newborn[7–9]—can react with a wide
range of molecules resulting in a broad spectrum of molecule
structures, and in its capability to transfer esterified metabo-
lites.[10]

Fatty acid beta-oxidation takes place in the mitochondria and
there are at least 31 enzymes or carriers that participate in it.
Short-chain acyl-CoA dehydrogenase (SCAD) is the most
vulnerable enzyme, which catalyzes the first step in the
mitochondrial b-oxidation of fatty acids. Elevated butyrylcarni-
tine is the result of the dysfunction of this enzyme.[11]

Acylcarnitines have been attributed a multifactorial neuro-
protective role in relation to their contribution to lipid synthesis,
neuronal membrane modification and stabilization, protein and
gene expression modulation, mitochondrial function optimiza-
tion, increased antitoxic activity, and increased cholinergic
neurotransmitters levels.[12–14]

Hypoxic-ischemic encephalopathy (HIE) affects between 1 and
6 of every 1000 newborns in developed countries. HIE is the
leading cause of death and severe neurological morbidity in
newborn infants worldwide and is responsible for 20% of all
cerebral palsy cases in children.[15] The hypoxic insult that
characterizes HIE triggers a complex response that leads to
energy failure, disruption of cellular homeostasis, morphologic
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changes in microglial cells, and mitochondrial failure.
Therapeutic hypothermia is the only treatment to date that has
been proven tominimize HIE damage, but up to 40%of neonates
treated still die or develop severe neurological impairment.[16–18]

The prognostic value of clinical biomarkers such as S100B
protein in serum and urine and neuron-specific enolase (NSE) in
serum and cerebrospinal fluid is not yet clear,[19,20] although a
recent study by our group found that urinary S100B levels
measured in the first days of life predicted neonatal death and
short-term prognosis in asphyxiated newborns treated with
hypothermia.[21]

Knowledge of how hypoxia-ischemia affects ACP is limit-
ed,[22–24] but evidence of alterations in different ischemic tissues
such as the myocardium[25] underlines the need for a better
understanding of how these metabolic pathways respond to
hypoxic insult. The main aim of the current study was to
characterize postnatal ACP in infants with HIE compared with a
control group and to correlate results with clinical outcomes. As a
secondary aim, we evaluated the influence of therapeutic
hypothermia on postnatal ACP in HIE.
2. Methods

2.1. Study design and population

We conducted a retrospective observational cohort study of
infants with early HIE from two tertiary care university hospitals
in Galicia (northwest Spain) between February 2006 and January
2016. This 10-year period was divided into two subperiods to
distinguish between patients born before and after the establish-
ment of therapeutic hypothermia treatment (availability of the
equipment) in the neonatal units of our hospitals: 2006–2010
(pre-hypothermia period) and 2011–2016 (hypothermia period).
We considered the HIE patients included in the pre-hypothermia
subperiod as control group for the post-hypothermia ones. The
neonatal population attended by the two hospitals is 7000births/
year. The study was approved by the Santiago Research Ethics
Committee (2017/098).
Early HIE was considered in neonates in poor condition at

birth (5-minute Apgar score <5 and/or need for prolonged
major resuscitation, arterial cord blood pH �7, and neonatal
encephalopathy) and presence of sentinel events of fetal distress
such as altered monitoring, placental abruption, and instru-
mental delivery. Neonatal encephalopathy was evaluated using
the Sarnat Grading Scale[26] based on a neurological examina-
tion performed within 6h of birth and before initiation of
hypothermia.
Inclusion and exclusion criteria: All patients with early HIE

admitted to the neonatal unit during the study period were
candidates for inclusion. Exclusion criteria were gestational age
<37 weeks; birth <2500g and diagnosis of an IMD.
The following variables were collected for each patient: birth

weight, sex, 5-minute Apgar score, birth pH (determined in blood
cord), therapeutic hypothermia (yes/no), and results of clinical
neurological exam, electroencephalography (EEG), and brain
magnetic resonance imaging (MRI) before discharge. The ACP
was determined by analyzing dried-blood spots collected for
newborn metabolic screening on the third day of life. In patients
treated with hypothermia, the rewarming period should have
been started or finished before the samples have been taken. This
procedure should be repeated at 12–15 days of life, according to
the recommendation for newborn screening in critically ill infants
in our protocol. NSE levels (normal range, 0–12.5ng/mL) were
2

measured on the 3 days of hypothermia treatment in the 27
patients who received this treatment. All patients received both
parenteral nutrition and trophic enteral feeding with human milk
(donated and/or own) from the first 24h of life. The neonates
were divided into two groups according to short-term outcome,
which was classified as favorable (normal neurological evalua-
tion before discharge) or unfavorable (death or abnormal
neurological evaluation before discharge). A follow-up clinical
neurological exam was carried out in all patients still alive at 6
months of age.
The control group consisted of healthy term neonates who met

the following conditions: absence of maternal disease, natural
vaginal delivery, collection of samples for metabolic screening at
day 3 of life, birth weight between the 10 and 90th percentiles for
gestational age, maternal breastfeeding, and absence of hypogly-
cemia.
2.2. Methods

Therapeutic hypothermia was administered using the Tecotherm
Neo (Inspiration Healthcare Ltd, Leicestershire, UK) total body
cooling and warming device for systemic hypothermia. The
newborns received whole-body cooling to an esophageal
temperature of 33.5 °C for 72h. After 72h, they were slowly
rewarmed to 36.5 °C in increments of 0.5°C per hour.
ACP were analyzed by electrospray ionization tandem mass

spectrometry on a triple quadrupole analyzer (ESI-MS/MS API
2000, Applied Biosystems Sciex, Toronto) coupled to a high-
performance liquid chromatography system (Series 200, Perkin-
Elmer) following a recognized methodology.[27] The following
acylcarnitines were included in the analysis, with the reference
range for neonatal period (in mmol/L) expressed in parentheses:
short-chain acylcarnitines: acetyl- (C2, 5–51mmol/L), propionyl-
(C3, <4.71mmol/L), butyryl- (C4, <0.95mmol/L), 3-OH-
butyryl- (C4-OH, <0.60mmol/L), isovaleryl- (C5, <0.96mmol/
L), and tiglylcarnitine (C5:1, <0.22mmol/L); medium-chain
acylcarnitines: hexanoyl- (C6, <0.32mmol/L), malonyl- (C3DC,
<0.18mmol/L), octanoyl- (C8, <0.26mmol/L), methylmalonyl-
(C4DC, <0.57mmol/L), decanoyl- (C10, <0.33mmol/L), dece-
noyl- (C10:1,<0.22mmol/L), dodecanoyl- (C12,<0.87mmol/L);
long-chain acylcarnitines: myristoyl- (C14, <0.52mmol/L),
myristoleyl- (C14:1, <0.47mmol/L), hydroxymyristoyl- (C14-
OH, <0.11mmol/L), 3-methyl-glutaryl (<0.26mmol/L), palmi-
toyl- (C16, 2–6mmol/L), hexadecenoyl- (C16:1, <0.39mmol/L),
3-hydroxi-hexadecanoyl- (C16-OH, <0.15mmol/L), 3-hydrox-
ypalmitoleyl- (C16:1-OH, <0.12mmol/L), stearoyl- (C18, 1–2m
mol/L), oleyl- (C18:1, <2.94mmol/L), linoleyl- (C18:2, <0.60m
mol/L), hydroxyoleyl- (C18:1-OH, <0.09mmol/L) and 3-hy-
droxy-linoleyl-carnitine (C18:2-OH, <0.66mmol/L). Neonatal
carnitine deficiency was defined as a free to total carnitine ratio of
less than 0.54.[10]

For the NSE analysis, serum samples were collected in the first
6h of life and on the second and third days; they were centrifuged
at 3000rpm for at least 5minutes and transferred to standard and
control test tubes after diluting with 1mL distilled water. The
dilutions were kept stable at�20°C and were analyzed within 18
hours of collection. NSE levels were determined using a Human
NSE ELISA kit (DiaMetra S.r.l., cat. #: DKO073, Z.I. Paciano,
Italy) and results are expressed as ng/mL.[21]

Clinical neurological evaluation was performed using the
Dubowitz neurological examination of the full-term newborn.[28]

Brain MRI was performed using a 1.5 Tesla Scanner (Siemens
Sonata). An abnormal MRI was defined as any of the following
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three patterns of hypoxic–ischemic lesions: periventricular
leukomalacia, basal ganglia and/or thalamus lesions, and
multicystic encephalopathy accompanied by injury to the basal
ganglia, thalamus, and/or cerebral cortex.[29]

EEG was performed using the Neuro-DMS software program
(Nihon Kohden). An abnormal EEG was defined as any of the
following patterns of electrical alteration: generalized slowing,
periodic patterns (e.g., burst suppression), background suppres-
sion, electrocerebral inactivity, and less common patterns (alpha
coma, beta coma, spindle coma, triphasic waves).[30]

With regard to the data analysis, Z-scores were used to
compare acylcarnitine values with reference values from the
metabolic laboratory in Santiago de Compostela. The Mann–
Whitney U test was used to compare quantitative and qualitative
variables included associations between MRI results and
biomarkers, and the Wilcoxon test was used for two-level
quantitative variables. Correlations between normally distrib-
uted paired variables were assessed using the Pearson correla-
tion test. Categorical variables were compared using the Chi-
square test.
The P-values obtained were adjusted with the Benjamini–

Hochberg procedure and statistical significance was established
at P< .05. The data were analyzed with the statistical software
SPSS v20.
3. Results

Sixty-seven term neonates with HIE (42 males, 62.7%) were
included in this study, with a similar distribution of severity
between the two groups: pre-hypothermia and hypothermia.
They had a mean gestational age of 39±0.8 weeks and a mean
birth weight of 3200±300g. Forty-seven of the neonates (70%)
received therapeutic hypothermia, as they were born on the post-
hypothermia subperiod. Of these, 29 (61.7%) had an unfavor-
able short-term outcome, including two deaths due to limitation
Figure 1. Flow diagram of patients evaluated on the

3

of therapeutic effort. At the 6-month follow-up visit, 18 patients
still had an abnormal clinical neurological exam. Of the 20
patients not treated with hypothermia (pre-hypothermia subpe-
riod), 15 (75%) had an unfavorable outcome, including one
death following limitation of therapeutic effort. Eight of these
had an abnormal clinical neurological exam at the 6-month
follow-up (supplementary information, http://links.lww.com/
MD/C922). NSE levels were high on the 3 days of hypothermia
treatment: 90.7±42.6ng/mL on day 1, 80.2±48.1ng/mL on day
2, and 85.7±65.5ng/mL on day 3. There was a significant
correlation between levels on day 2 and unfavorable short- and
long-term outcomes (P= .029). A second dried-blood spot
analysis was performed at 12–15 days of life in 44 neonates
(34 of whom were in the hypothermia treatment group).
Complete information about patients is shown on Additional
Information, Table, and Figure 1.
The healthy control group consisted of 827 newborns (58%

male) with a mean gestational age of 39±0.7 weeks and a mean
birth weight of 3225±250g. There were no significant differ-
ences between HIE patients and controls in terms of sex or
weight.
Although no significant differences were observed between

patients with and without HIE for free carnitine levels (30.5±
11.7mmol/L vs 27.2±11.6mmol/L; P= .3 or for the free
carnitine/total carnitine ratio (0.780±0.268mmol/L vs 0.55±
0.1mmol/L; P= .08), the ratio was indicative of neonatal carnitine
deficiency in 80% of HIE patients. The following acylcarnitines
were significantly lower in HIE patients than in controls: C2, C4-
OH, C12:1, C14, C14:1, C14:2, C16, C16:1, C18, C18:1, and
C18-OH (all P< .05). Significantly higher levels, however, were
observed for C4 (P< .001), C5, C5:1, C6, C6-OH, C8, and C12
(all P< .05) (Table 1). All the patients recruited underwent brain
MRI and 28 of them showed abnormal MRI findings at
discharge. We observed a marked difference in ACP between
patients with favorable and adverse outcomes, in addition to a
study period. IMD: inherited metabolic diseases.
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Table 1

Acylcarnitines profile in HIE compared to the control groupa.

HIE (mean±SD) Control group (mean±SD) P

C2 9.91±4.44 12.24±4.68 .000
C4 0.44±0.23 0.32±0.14 .000
C4-OH 0.28±0.15 0.33±0.17 .005
C5 0.53±0.33 0.18±0.08 .000
C5:1 0.15±0.48 0.03±0.04 .04
C6 0.11±0.09 0.057±0.05 .000
C6-OH 0.08±0.05 0.058±0.04 .001
C8 0.19±0.15 0.12±0.06 .023
C12 0.12±0.06 0.18±0.1 .000
C12:1 0.08±0.04 0.11±0.05 .000
C14 0.2±0.09 0.31±0.12 .000
C14:1 0.09±0.05 0.15±0.07 .000
C14:2 0.06±0.03 0.101±0.12 .000
C16 2.04±0.92 3.4±1.21 .000
C16:1 0.15±0.07 0.19±0.09 .000
C18 1.07±0.4 1.7±0.58 .000
C18:1 1.19±0.46 1.96±0.64 .000
C18-OH 0.03±0.02 0.04±0.039 .028

Additional Information. Clinical features of HIE patients. AR= abnormal result, CNE= clinical neurologic examination, EEG= electroencephalography, F= female, M=male, MRI=magnetic resonance imaging,
NR=normal result. The shading patients correspond to those with an unfavorable outcome, defined as lack of alterations in EEG, MRI and CNE at discharge and in CNE at 6 months of life. C4=butyrylcarnitine,
FC= free carnitine, TC= total carnitine. All these results were obtained at third day of life. In HIE patients under hypothermia, samples were obtained during/after the rewarming period (also at third day).
a In both cases, samples were obtained at third day of life; in case patients have been treated with hypothermia, the rewarming period should have been started or finished before the samples have been taken.
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significant association between C4 levels and abnormal brain
MRI at discharge (P= .037).
On comparing patients who received therapeutic hypothermia

(post-hypothermia) and those who did not (pre-hypothermia),
the former had a persistent elevation in C4 (P= .019) and C6-OH
(P= .005) and a more marked deficit of C18 (P= .012). The post-
hypothermia group also had significantly higher levels of the
following medium- and long-chain acylcarnitines: C8:1, C10,
C10:1, C10:2, C12:1, C14:1-OH, C14:OH, and C16:OH (all
P< .05) (Table 2).
In addition, those patients in the post-hypothermia group

who responded unfavorably had significantly higher levels of
C6-OH, C8, C8:1, C10:2, C10:1, C10, C14:1-OH, C14-OH,
Table 2

Acylcarnitines profile in HIE patientsa.

Carnitine and short-
chain acylcarnitines

Hypothermia
mean (mmol/L) No/Yes P

Medium-chain
acylcarnitines me

Free carnitine 25.9 27.82 ns C6 0.18
Total carnitine 48.02 48.28 ns C6-OH 0.09
C2 11.84 9.09 ns C8:1 0.05
C3:1 0.01 0.07 ns C8 0.12
C3 0.01 0.05 ns C3DC 0.08
C4 0.48 0.35 .005 C10:2 0.04
C4-OH 0.35 0.31 ns C10:1 0.05
C5:1 0.19 0.2 ns C10 0.08
C5 0.06 0.51 ns C4DC 0.09
C5-OH 0.16 0.17 ns DC5 0.12

C12:1 0.03
C12 0.01

ns=not significant.
a Comparison between treatment or not with hypothermia. In both cases, samples were obtained at third da
started or finished before the samples have been taken.
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C16-OH, C18, and C18-OH (all P< .05) than those who
responded favorably. This latter group of patients had
significantly higher levels of C3:1, C4OH, C3DC, DC5,
MeGlut, and C18:1-OH (all P< .01) and significantly lower
levels of C4 (P= .04) (Table 3).
There was a positive correlation between C4 andNSE levels on

the first day of hypothermia treatment (Pearson correlation=
0.57; P= .002). Specifically, C4 levels increased with increasing
NSE levels (Fig. 2), highlighting the role of C4 as a marker of
neuronal insult.
Finally, the second analysis of dried-blood spots performed at

12–15 days of life showed that C4 levels had decreased in post-
hypothermia group (0.29±0.1mmol/L) but remained the same in
Hypothermia
an (mmol/L) No/Yes P

Long-chain
acylcarnitines

Hypothermia mean
(mmol/L) No/Yes P

0.11 ns 3Me Glutaryl 0.11 0.08 ns
0.99 .005 C14:2 0.04 0.06 ns
0.22 .008 C14:1 0.05 0.01 ns
0.17 ns C14 0.09 0.11 ns
0.10 ns C14:1-OH 0.06 0.17 .001
0.16 .004 C14-OH 0.02 0.14 .003
0.17 .012 C16:1 0.12 0.15 ns
0.16 .001 C16 0.13 0.19 ns
0.05 ns C16:1-OH 0.03 0.06 ns
0.11 ns C16-OH 0.06 0.25 .004
0.09 .001 C18:2 0.03 0.05 ns
0.13 ns C18:1 1.13 0.93 ns

C18 1.14 1.35 .012
C18:2-OH 0.21 0.26 ns
C18:1-OH 0.08 0.11 ns
C18-OH 0.02 0.04 ns

y of life; in case patients have been treated with hypothermia, the rewarming period should have been
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Table 3

Acylcarnytine profile in patients under therapeutic hypothermia comparing favorable/unfavorable outcomea.

Favorable outcome (mean±SD) mmol/L Unfavorable outcome (mean±SD)mmol/L P

C3:1 0.086±0.08 0.011±0.01 .001
C4OH 0.31±0.18 0.187±0.1 .01
C3DC 0.105±0.06 0.045±0.03 .005
DC5 0.09±0.04 0.048±0.03 .004
MeGlut 0.08±0.04 0.05±0.04 .002
C18:1-OH 0.11±0.09 0.04±0.02 .001
C4 0.35±0.01 0.53±0.02 .04
C6-OH 0.05±0.03 0.09±0.06 .031
C8 0.07±0.05 0.19±0.09 .001
C8:1 0.11±0.08 0.25±0.1 .011
C10 0.09±0.05 0.16±0.08 .012
C10:1 0.08±0.04 0.13±0.07 .023
C10:2 0.03±0.02 0.07±0.04 .009
C14-OH 0.02±0.01 0.04±0.02 .032
C14:1-OH 0.03±0.01 0.07±0.05 .004
C16-OH 0.04±0.02 0.05±0.01 .048
C18 0.8±0.3 1.12±0.4 .003
C18-OH 0.02±0.01 0.04±0.02 .003

a Samples were obtained at third day of life, during or just after the rewarming period.
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the pre-hypothermia group (0.48±0.1mmol/L). The difference
between the two groups was significant (P= .031).
4. Discussion

In this study, we have evaluated alterations to ACP in neonates
with perinatal asphyxia, investigated the possible effect of
therapeutic hypothermia on these patterns, and analyzed the
potential prognostic role of individual acylcarnitines in HIE.
Previous studies that have assessed carnitine or acylcarnitine
profiles using blood samples collected from patients with HIE in
the perinatal period (days 1–7 of life) have confirmed decreased
Figure 2. Positive correlation between Butyrylcarnitine and NSE determina-
tions in patients under hypothermia treatment. The figure refers to
Butyrylcarnitine samples taken at third day of life and NSE samples determined
on 27 patients on the first day of therapeutic hypothermia. We found a
significant positive correlation (Pearson Correlation=0.57; P= .002) between
Butyrylcarnitine and NSE, which means that at a higher level of NSE, a higher
increase in Butyrylcarnitine levels, which would highlight this metabolite as a
marker of neuronal insult, since NSE is considered one of the best prognostic
biomarkers for HIE. The red circle marks the patients with good outcome.

5

total and free carnitine levels, increased acylcarnitine levels,
and an increased acylcarnitine:total carnitine ratio.[25] Findings
from animal models suggest that these alterations could be linked
to a decrease in carnitine-palmitoyl transferase I and II and a
concomitant increase in the acylcarnitine:free carnitine ratio.[33]

Although our results showed acylcarnitine deficiency in 80% of
patients with HIE, the free carnitine levels observed were
comparable to those seen in the control population. We did,
however, observe a significant increase in short- andmedium-chain
acylcarnitines (C4, C5, C5:1, C6, C6-OH, and C8) and,
contrasting with findings by Walsh et al,[22] a significant decrease
in the levels of C2, C4-OH, and most long-chain acylcarnitines.
Walsh et al studied themetabolomicprofile of umbilical cordblood
from 100 newborns with HIE and found alterations in 29
metabolites from three groups: amino acids, acylcarnitines, and
glycerophospholipids. In the case of acylcarnitines, they found
increased levels of C2, C4, C4-OH, C6, C12, C14, C14:1, C14:2,
C16, C16:1, C18, C18:1, and C18:2. One important difference
with our study is that Walsh et al analyzed umbilical cord blood
drawn at birth, while we analyzed dried-blood spots taken at 3
days of life and, in 70% of cases, during hypothermia treatment.
Those differences could reflect an evolution on the ACP profile
changes with time, after the hypoxic insult has occurred, and as a
consequenceof resuscitationprocedures, treatments, nutrition, etc.
Detailed analysis of ACP showed that compared with controls,

HIE patients had significantly lower levels of C2 (P< .001) and
long-chain acylcarnitines (P< .01). Decreases in C2 levels are
important as this metabolite is known to exert a neuroprotective
effect on the developing brain,[34] providing both carnitine for the
transport of fatty acids across mitochondrial membranes and
acetyl-CoA that can be incorporated into lipids for myelination
and cell growth, oxidized in the tricarboxylic acid cycle to
produce energy,[35] used as a precursor for acetylcholine,[36] or
incorporated into the carbon skeleton of g-aminobutyric acid and
glutamate neurotransmitters.[35] Models of hypoxic brain
damage have highlighted several potential therapeutic effects
of acetylcarnitine, such as reduced oxidative stress, improved
energy status, preserved structural integrity, prevention of cell
death, decreased hypoxic lesion size, and improved morphologi-
cal and functional outcomes.[37–39]

http://www.md-journal.com
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One of the principles underlying the use of therapeutic
hypothermia is that the reduction of metabolic rate prevents a
rapid decline in ATP levels, improving thus the chances of organ
preservation andpatient survival andprognosis.[40,41] Inour series,
acylcarnitine alterations were largely not reversed by therapeutic
hypothermia. The treatment, however, did lead to two significant
changes: a decrease in C4 levels and, in agreement with findings
from animal studies,[42] a decrease in certain medium- and long-
chain acylcarnitines (particularly those with 10 and 14 carbon
atoms). C4 levels were significant lower in patients who received
therapeutic hypothermia and had a favorable rather than an
unfavorable outcome. In addition, levels decreased even further
after treatment, as shown by the test results at 12–15 days of life.
Our aim in studying ACP in HIE was not so much to find an

early marker of damage, as proposed by Walsh et al,[22] but
rather to find a marker that would support other prognostic tools
(e.g., EEG, cerebral MRI, NSE). Acylcarnitine markers would
have an additional advantage in that because they are already
included in many newborn screening programs, they would not
entail an extra cost. The most consistent prognostic marker
identified in our study was C4, as it was significantly higher in
patients withHIE comparedwith healthy controls (P< .001), and
correlated positively with other markers of severe disease or poor
prognosis. In addition, its levels fell significantly after therapeutic
hypothermia (post-hypothermia group) in patients who had
favorable outcomes compared with those who did not (P= .04).
One of the best predictors of medium- to long-term disability in

post-hypothermia patients is an abnormal early brain MRI. NSE
also has potential as a biochemical marker, as shown recently by
our group on observing significantly lower levels in HIE patients
who received therapeutic hypothermia.[21] Based on the findings
of the current study, C4 is another potentially interesting
biomarker, as higher levels in the early postnatal period were
positively correlated with NSE levels (Fig. 2) and with an
abnormal MRI scan at discharge.
In our opinion, C4 could be considered as a biochemical

marker of severe hypoxic-ischemic insult, and its decrease during
treatment with hypothermia could be a marker of good response
to this treatment and favorable prognosis.
Our study has some limitations, including its relatively small

sample size and its retrospective design, which prevented us from
controlling for intercurrent variables (drugs, diet, etc.) and the
duration of the follow-up period, too short to obtain conclusions
about the long-term prognosis. The ACPs identified in this series
of patients with HIE are, however, consistent with reports in the
literature. Of particular note is the significant increase observed in
C4 levels and the correlations with abnormal MRI findings and
NSE levels. Our findings highlight the importance of studying the
potential of these metabolites as predictors of disease severity,
disease course, and response to treatment.
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