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Brain-specific proteins have been used to detect cerebral
injury after birth asphyxia. Previous investigations suggest that
serum protein S-100�, brain-specific creatine kinase (CK-BB),
and neuron-specific enolase (NSE) are capable of identifying
patients with a risk of developing hypoxic-ischemic encephalop-
athy. Whether detection of elevated serum concentrations of
these proteins reflects long-term neurodevelopmental impairment
remains to be investigated. We examined serum protein S-100�,
NSE, and CK-BB at 2, 6, 12, and 24 h after birth in 29
asphyxiated infants and 20 control infants. Neurodevelopmental
follow-up examinations were performed at 20 mo of age using
the German revision of the Griffiths scales for developmental

assessment. Elevated concentrations of serum protein S-100�,
NSE, and CK-BB within 24 h after asphyxia did not correlate
with long-term neurodevelopmental delay. We conclude that
serum protein S-100�, NSE, and CK-BB, sampled on the first
day of life, is of limited value in predicting severe brain damage
after birth asphyxia. (Pediatr Res 54: 270–275, 2003)

Abbreviations
HIE, hypoxic-ischemic encephalopathy
NSE, neuron-specific enolase
CK-BB, brain-specific creatine kinase (E.C. 2.7.3.2.)
DQ, developmental quotient

Perinatal asphyxia continues to be a major cause of neonatal
morbidity, mortality, and neurodevelopmental disabilities (1).
The early prediction of outcome is necessary to identify infants
with a higher risk for brain damage for neuroprotective inter-
ventions aiming to limit the extent of brain injury (2). In an
attempt to determine the cerebral injury and to predict the
neurologic outcome, various investigations have been used as
an adjunct to the clinical examination (3). During the last
decade, biochemical indicators of brain damage have been
investigated after asphyxia (4–9). A recently published study
demonstrated that elevation of serum protein S-100� and
CK-BB activity are reliable indicators of HIE after birth as-
phyxia (10). Protein S-100 is a dimeric acidic calcium-binding
protein constituting a major component of the cytosol of
various cell types. Protein S-100B (�� subunits) and S-100A1
(��) are predominantly present in astrocytes and Schwann
cells (11). NSE, a dimeric isoenzyme of the glycolytic enzyme
enolase, is found in the cytoplasm of neurons and cells with

neuroendocrine differentiation (12). CK-BB is found in both
neurons and astrocytes.

The relationship between serum CK-BB and NSE and neu-
rodevelopmental outcome after asphyxia has been studied (4–
7), but there are few data concerning measurements of these
biochemical markers within 24 h after birth and neurodevel-
opmental outcome. The relationship between neurodevelop-
mental outcome and serum protein S-100� after birth asphyxia
has not yet been assessed.

We examined the same population as in our previous study
(10) in a neurodevelopmental follow-up study. Our objectives
were to investigate whether serum protein S-100�, NSE, and
CK-BB after birth asphyxia predict long-term neurodevelop-
mental impairment.

METHODS

With ethics committee approval and written parental con-
sent, we prospectively studied 29 asphyxiated patients and 20
control infants born from June 1998 to December 1999. Fol-
low-up examinations were performed at 20 mo of age until
September 2001.
Asphyxia group. Twenty-nine full-term newborn infants

(gestational age, 37–42 wk) who fulfilled the following criteria
were included in the study: arterial blood cord pH value �7.0,
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or arterial blood cord pH between 7.01 and 7.1 and also an
Apgar score after 5 min of �7. The asphyxia group was
subdivided to two groups: 1) normal outcome and 2) retarda-
tion or death.
Control group. Twenty full-term infants who fulfilled all of

the following criteria were included in the control group: no
maternal illness; arterial blood cord pH �7.2; after 5 min, an
Apgar score of �7; and an uneventful course during the first
3 d of life. Exclusion criteria for both groups were congenital
anomalies, tumors, maternal drug addiction, severe infections,
and congenital metabolic disorders. Clinical data are given in
Table 1.
Study design. Blood samples were collected 2, 6, 12, and

24 h after birth. HIE was diagnosed according to the classifi-
cation of Sarnat and Sarnat (13). Standardized neurodevelop-
mental examinations were performed at 20 mo of age accord-
ing to the German revision of the Griffiths Developmental
Scales (14, 15). Neurodevelopmental examiners were blinded
to the category of the child and the findings at birth and in the
neonatal period.
Analysis of protein S-100, NSE, and CK-BB. Protein

S-100� was measured manually with a sandwich-type immu-
noluminometric assay kit (BYK Sangtec, Dietzenbach, Ger-
many) that used MAb and a LB952 luminometer (Berthold
Technologies, Bad Wildbad, Germany). The assay uses three
MAb to detect the � chains in the �� (S-100B) and ��
(S-100A1) dimers.

NSE was measured on a Cobas Core II immunoanalyzer
with the NSE EIA II kit (Roche Molecular Biochemicals,
Mannheim, Germany), a one-step sandwich-type enzyme im-
munoassay that used two specific monoclonal mouse antibod-
ies. The manufacturers claim low detection limits of 0.02 �g/L
for protein S-100 and 0.1 �g/L for NSE. Free Hb, as parameter
of hemolysis, was quantified by bichromatic photometric mea-
surement on a Hitachi 911 (Hitachi, Yokohama, Japan) or a
Modular PP analyzer (Roche Molecular Biochemicals). Crea-
tine kinase was determined at 25°C according to the optimized
German standard method on Dax 72 (Bayer Corporation,
Munich, Germany) or Modular PP (Roche Molecular Bio-
chemicals) random assessment clinical analyzers. To quantify
CK-BB, creatine kinase isoenzymes were fractionated electro-
phoretically on agarose gels, visualized by in-gel substrate
reaction for fluorometric scanning using Helena (Greiner Bio-
chemica, Flacht, Germany) gel kits and rapid electrophoresis

system. The area under the CK-BB curve was used to calculate
its concentration.
Neurodevelopmental examinations. The German revision

of the Griffiths Developmental Scales, based on examinations
on German infants and the first 2 y of life, was used to assess
the children’s development (14, 15). Five skill areas (locomo-
tor, personal-social, hearing and speech, eye and hand coordi-
nation, and intellectual performance) were tested at 20 mo of
age. The general DQ was derived by relating the average
subscale scores to the infants age. Mild retardation is defined as
a DQ being 1–2 SD (91.8—97.8) below mean, severe retar-
dation as �2 SD (�91.8) below mean (15). Maternal education
was evaluated concerning influence on DQ. It was classified to
two groups: short (no school education or �10 y) and inter-
mediate/advanced (a minimum of 10 y/college or university
entry grade). Walking unaided at 2 y was used as additional
parameter for the development of cerebral palsy according to
the classification of Palisano et al. (16).
Statistical analysis. Results were expressed as median with

quartiles. Group comparisons were performed with the Mann-
Whitney U test and the �2 test. Positive predictive value,
negative predictive value, sensitivity, specificity, and likeli-
hood ratio of biochemical markers for neurodevelopmental
retardation was assessed by receiver-operating characteristics
(ROC) curve test by evaluating the optimal cutoff values. All
calculations and tests were performed by means of the SPSS
for Windows 7.0 (SPSS Inc., Chicago, IL, U.S.A.). A p value
� 0.05 was considered to be significant.

RESULTS

Neurodevelopmental examinations were performed in 25 of
29 infants with asphyxia and all control infants. Of 29 new-
borns with asphyxia, seven did not develop HIE but 22 did.
Fifteen newborns had mild, four moderate, and three severe
HIE. One infant died within 12 h because of multiorgan failure,
the other died at d 26 of grade 4 intraventricular hemorrhage
and renal and cardiac dysfunction. Two infants were lost to
follow-up examinations. The respective clinical data of the
perinatal period of the two infants lost to follow-up (one
developed moderate, the other mild HIE) were as follows:
5-min Apgar scores of 3 and 6, arterial cord blood pH of 6.90
and 6.98, base deficit of 11 in both cases, protein S-100 value
of 8.7 and 2.3 �g/L, and CK-BB activity of 48 and 8 U/L at

Table 1. Characteristics of infants with asphyxia and control infants (median/quartiles)

Characteristics
Control group,

n � 20

Infants with asphyxia

p Value
Normal outcome, n

� 16
Retardation/death, n

� 11

Birth weight (g) 3318 (2962–3886) 3535 (3070–3845) 3155 (2625–3590) NS*
Gestational age (wk) 40 (38–40) 40 (39–41) 39 (38–40) NS*
Sex (M/F) 6/14 9/7 6/5 NS*
Apgar score (1 min) 8 (7–9) 3 (1–5) 4 (2–7) NS†
Apgar score (5 min) 9 (8–10) 6 (4–8) 6 (5–8) NS†
Arterial cord blood pH 7.25 (7.22–7.28) 6.97 (6.86–7.02) 6.88 (6.75–6.99) NS†
Arterial cord blood base deficit 5 (3–6) 13 (11–17) 17 (13–21) NS†

* p Values are for comparison between control infants (n � 20) and infants with asphyxia (n � 27).
† p Values are for comparison between infants with normal outcome and infants with retardation or death.
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2 h. Birth weight, gestational age, and sex were similar among
asphyxiated and control infants. Both asphyxia groups did not
differ in Apgar scores at 1 and 5 min, arterial blood cord pH,
and base deficit (Table 1).
Developmental quotient. There was no significant differ-

ence in DQ between asphyxiated and control infants. Psy-
chomotor retardation was present in nine asphyxiated (four
mild, five severe) and three control infants (two mild, one
severe) without significant intergroup differences. Compar-
ison of the five skill areas between the asphyxia and control
group is given in Table 2. Developmental delay in the three
control infants was particularly present in the skill area of
hearing and speech, while locomotor development was nor-
mal. There was no significant difference in maternal educa-
tion between asphyxiated and control infants (asphyxia
group: 36% short, 64% intermediate/advanced education;
control group: 37% short, 63% intermediate/advanced edu-
cation). Maternal education in all three retarded control
infants was classified as short.

Clinical characteristics, degree of HIE, and values of
protein S-100� and CK-BB 2 h after birth of the infants with
psychomotor retardation and death are given in Table 3.
Three infants were unable to walk unaided at 2 y of age
(Table 3). All three retarded controls did not suffer from
other diseases like metabolic disorders or perinatal infec-
tions, which were ruled out by normal laboratory examina-
tions and ultrasound examinations. Their neurologic exam-
inations were inconspicuous.
Biochemical markers. At every time interval there was a

significant difference in serum protein S-100� and CK-BB
activities between the control and asphyxia group, but we
found neither a significant difference in protein S-100� levels
nor in serum CK-BB activities between asphyxiated infants
with normal and retarded development (Table 4).

NSE levels were neither significant between control infants
and the asphyxia group nor significant between both asphyxia
groups (Table 4). NSE levels were increased by hemolysis, but
no significant difference in hemolysis was detectable in the
different groups. The predictive capacities of serum CK-BB
activity, serum NSE, and cord blood base deficit for neurode-
velopmental retardation are shown in Table 5. Confidence
limits of predicting neurodevelopmental retardation by brain-
specific proteins showed a broad distribution.

ROC curve analysis for serum protein S-100�, Apgar scores,
and arterial cord blood pH showed an AUC of less 0.60 and
therefore we did not calculate their predictive values.

DISCUSSION

As expected, we detected more infants with neurodevelop-
mental retardation in the asphyxia group than in the control
group, but the difference failed to be significant, which might
be due to the small proportion of retarded cases. Our hospital
serves as a referral center for high-risk pregnancies, with
delivery numbers of 3500–3700 per year. During the 18-mo
study period, there were 29 asphyxiated infants meeting the
strict entry criteria, most of whom developed no or only mild
HIE. This low number is not restricted to our hospital but
rather reflects a global trend (17, 18): the incidence of asphyxia
has steadily declined in most developed countries to such a
degree that severe asphyxia now qualifies for orphan disease
status. This success of modern perinatal care may have com-
plex roots, and it poses an enormous obstacle to researchers in
the field. However, we feel that it is important to also report on
low numbers, rather than not to report on asphyxiated infants at
all.

We observed a high incidence of psychomotor retardation in
the control group. With regard to exclusion of metabolic
disorders and congenital anomalies, a possible explanation
might be low maternal education as an influencing factor for
the delay in neurodevelopment. Our study group had a higher
portion of short maternal education compared with a former
study in Berlin, where preconceptional factors associated with
low birthweight deliveries were analyzed (19). We know that
maternal education positively relates to children’s intelligence
quotient (20) and the retardation of the three infants particular
in the skill area of hearing and speech might be due to this
socioeconomic factor.

Cord blood pH, arterial cord blood deficit, and Apgar scores
were not predictive for neurodevelopmental retardation after
birth asphyxia in our study population. There is an ongoing
discussion on prediction of asphyxial sequelae. Fetal heart rate
patterns, need of resuscitation, umbilical arterial blood gas
analysis, and Apgar scores showed variable predictive values
(21–25), most likely due to the nonhomogeneity of the studied
populations. Toh (23) reported a positive predictive value of
100% for either death or major neurologic disability using a
combination of a 5-min Apgar score �4 and arterial blood base
deficit of more than 20 mM within 2 h after birth. Unlike our
study, this study selected only infants with moderate and
severe HIE. Presence of moderate or severe HIE has a high
sensitivity (96%) in predicting death or severe handicap com-
pared with Apgar scores (21). In our study population, all
infants with severe HIE and half of the infants with moderate
HIE suffered from retardation. As the HIE staging is performed
at 24 h (13), its value in selecting infants for intervention is
low.

In a previous study we demonstrated that a combination of
serum protein S-100� (cutoff value, 8.5 �g/L) and CK-BB
activity (cutoff value, 18.8 U/L) 2 h after birth had the highest
positive predictive value (83%) and specificity (95%) for mod-
erate and severe HIE (10). However, until now, no study has
examined the predictive value of serum protein S-100� for
neurodevelopmental retardation after asphyxia. Maschmann et
al. (26) discussed elevated protein S-100� values as a marker

Table 2. Comparison of neurodevelopmental outcome of term
infants with asphyxia (n � 25) with term control infants (n � 20)

Development at 20 mo
Control group,

normal/retardation
Asphyxia group,

normal/retardation
p

Value

Skill areas
Locomotor 19/1 21/4 NS
Personal social 16/4 17/8 NS
Hearing and speech 14/6 13/12 NS
Eye–hand coordination 16/4 12/13 0.027
Intellectual performance 17/3 12/13 0.01
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of central nervous damage after birth asphyxia, serum sam-
pling was random, and the neurologic survey not standardized.
In cerebrospinal fluid, brain-specific proteins correlated well
with long-term prognosis, especially with death, as in our
study, but infants with and without neurological handicaps did
not have significantly different values (27). Our results did not
show a strong relationship between the serum protein S-100�
concentration within 24 h after asphyxia and neurodevelop-

mental outcome, although both infants who died from asphyxia
had extremely high serum protein S-100� levels. Reliable
prognostic markers must have higher specificity and positive
predictive values. They are clinically relevant if they help to
discriminate between infants with normal outcome and those
with psychomotor retardation (28). Protein S-100� release
after birth asphyxia resembles the transient increase after car-
diac operations, which also did not correlate with cerebral

Table 3. Clinical data of infants with psychomotor retardation and death and biochemical parameters

Patient
no. Sex

Arterial cord
blood pH

Apgar score,
5 min

Base deficit
mmol/L

S-100� �g/L
(2 h)

CK-BB U/L
(2 h) HIE/death DQ

Walking unaided
at 2 y

1 M 6.75 1 30 50.7 83 Death Dead —
2 M 6.73 5 22 31.9 45 3/death Dead —
3 F 6.60 5 21 17 45 3 40 No
4 F 6.88 5 15 2.4 19 3 40 No
5 F 6.98 3 17 3.2 19 2 77 No
6 M 6.98 9 11 1.6 15 1 78 Yes
7 M 7.08 6 8 3.6 24 0 88 Yes
8 M 6.80 7 20 3.7 30 1 93 Yes
9 M 6.99 8 15 1.2 38 2 95 Yes

10 M 7.01 6 13 5.3 13 1 95 Yes
11 F 6.85 9 20 1.7 15 0 96 Yes
12 M 7.25 7 8 1.2 9 0 86 Yes
13 M 7.28 10 4 1.8 10 0 94 Yes
14 F 7.25 8 5 1.3 5 0 96 Yes

DQ, psychomotor developmental quotient (severe retardation �91.8, mild retardation 91.8–97.8); HIE, hypoxic-ischemic encephalopathy.
Patients 1–11: asphyxia group; patients 12–14: control infants.

Table 4. Serial measurements of serum protein-S100�, NSE, and CK-BB after birth asphyxia

Biochemical markers
(median/quartiles) Control group

Infants with asphyxia

p Value* p Value#
Normal outcome

(n � 16)
Retardation/death

(n � 11)

Protein S-100 (�g/L)
at 2 h 1.6 (1.4–2.5) 3.3 (2.2–8.4) 3.6 (1.7–17) �0.0001 NS
at 6 h 1.6 (1.2–2.3) 2.5 (1.5–4.6) 3.8 (1.9–27.6) 0.001 NS
at 12 h 1.2 (1.1–1.5) 1.8 (1.5–2.9) 1.6 (1.3–2.4) 0.001 NS
at 24 h 1.0 (0.9–1.4) 1.5 (0.9–2.6) 1.9 (1.2–5.0) 0.04 NS

NSE (�g/L)
at 2 h 30.3 (24.8–47.6) 32.5 (19.9–53.8) 55.1 (32.5–89.0) NS NS
at 6 h 37.1 (19.0–48.8) 36.7 (30.1–54.9) 48.7 (33.7–95.8) NS NS
at 12 h 28.7 (19.8–39.4) 38.5 (24.3–48.8) 47.8 (30.1–64.9) NS NS
at 24 h 24.3 (17.2–39.5) 36.3 (17.6–51.8) 39.1 (34.0–55.4) NS NS

CK-BB (U/L)
at 2 h 10.0 (6.0–13.0) 17.5 (13.0–22.0) 22.7 (15.0–38.3) �0.0001 NS
at 6 h 7.0 (4.3–8.8) 11.2 (6.0–19.0) 18.0 (10.3–31.0) 0.002 NS
at 12 h 5.0 (4.0–6.8) 10.4 (6.0–17.4) 16.3 (13.0–21.0) �0.0001 NS
at 24 h 5.0 (3.0–6.8) 6.5 (3.3–9.8) 8.0 (4.3–17.5) 0.028 NS

* p Values are for comparison between all asphyxiated infants and controls. # p Values are for comparison between asphyxiated infants with normal outcome
and infants with retardation or death.

Table 5. Values for predicting neurodevelopmental retardation after asphyxia

Parameter Cut-off value
PPV
(%)

NPV
(%)

Sens
(%)

Spec
(%)

Likelihood
ratio AUC 95% Confidence limits

CK-BB
at 2 h 19 U/L 60 71 71 60 1.77 0.654 0.438–0.879
at 6 h 12.5 U/L 53 75 73 56 1.58 0.665 0.455–0.875

NSE
at 2 h 44 �g/L 60 69 60 69 1.93 0.712 0.493–0.930
at 6 h 43 �g/L 54 77 67 67 2.0 0.674 0.446–0.902

Cord blood base deficit �14 mmol/L 53 75 73 56 1.65 0.679 0.467–0.891

PPV, positive predictive value; NPV, negative predicting value; Sens, sensitivity; Spec, specifity; likelihood ratio � sens/1 � specificity; AUC, area under
the curve. Calculation for protein S-100� was not performed, AUC was �0.60.
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outcome (29). In adults with acute ischemic stroke, serum
protein S-100� peaks 3 d after onset of symptoms (30). In
asphyxiated newborns, serum protein S-100� peaked within
2–6 h after birth, presumably due to transitory increased
permeability of the blood-brain barrier and decreased renal
excretion as part of the asphyxial event (10). An experimental
study demonstrated an early increase in the synthesis of inter-
mediary filaments after hypoxic-ischemic events (31). After
severe hypoxic-ischemic insult, cell death and disruption of
cell membranes might increase the extracellular concentra-
tions, which could further be transferred to the cerebrospinal
fluid and explains the correlation to high concentrations of
protein S-100� in the cerebrospinal fluid (27). Differing blood-
brain barriers may explain why serum concentration in new-
borns is higher than in adults (30). Another possible mecha-
nism might be the neurotrophic role possibly exerted by protein
S-100�. Gazzolo et al. (32) detected higher concentrations of
serum protein S-100� in preterm infants compared with term
infants, which might be due to higher concentrations of the
trophic factor at earlier gestational ages. Brain damage does
not necessarily result in a blood-brain rupture and protein
S-100� is not released exclusively from the brain, but also
present in striated muscle, heart, kidneys, adipocytes, and
thymus of newborns (12). As demonstrated in our former study
(10), serum protein S-100� should be regarded as a marker for
acute impairment like HIE.

Serum NSE measurements did not supply reliable informa-
tion about neurodevelopmental impairment after birth asphyxia
and even did not distinguish between infants with asphyxia
from control infants. A recently published study (33) regards
elevated serum NSE values as a sensitive indicator of brain
damage, and other studies found NSE in cerebrospinal fluid a
more accurate marker of motor impairment after asphyxia (7,
27, 34).

Our results demonstrate that elevated serum CK-BB activity
it is of limited value to predict the long-term neurodevelop-
mental outcome after birth asphyxia. Our serum CK-BB activ-
ities were lower than in the former studies (4–6), a possible
explanation for which might be the measurement of total
creatine kinase activity at different temperatures. Also, CK-BB
might arise from noncerebral sources, as it is also expressed in
placenta, gastrointestinal tract, kidneys, and lungs (35). Cues-
tas (36) demonstrated that the CK-BB levels are not elevated in
neonates with renal or gastrointestinal disorders. Studies differ
concerning their assessment as a predictive marker for adverse
outcome after asphyxia. Some studies have demonstrated a
correlation between elevated CK-BB activity at 6–12 h of life
and neurologic outcome (4), whereas others have found a weak
correlation to neurologic sequelae at 4 h after birth (6). A large
retrospective study could not demonstrate a significant corre-
lation between elevated CK-BB activity and adverse neuro-
logic outcome (5).

The predictive value on outcome of amplitude-integrated
EEG has been published to be 91.5% (37). Taking into con-
sideration that our data are from a small number of retarded
infants, we conclude that serum protein S-100�, NSE, and
CK-BB, sampled on the first day of life, are of limited value in
predicting severe brain damage after birth asphyxia.
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