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Abstract. As aspecific biomarkerin neonatal hypoxic-ischemic
encephalopathy (HIE), the measurement of neuron-specific
enolase (NSE) has been advocated as a predictor of outcome
in neurological injury. However, the measured levels of NSE
may be influenced by hemolysis. In the current study, the
change in the concentration of NSE in serum was measured
by chemiluminescence prior to and following the addition of
individual frozen and thawed red blood cells from 86 neonates
that were collected within 24 h of birth. The changes in the
concentration of NSE were compared with the changes in
the concentration of hemoglobin (Hb), measured by the
hemoglobin cyanide (HiCN) method, to establish a correc-
tion formula. The performance of the correction formula was
evaluated by comparing the corrected concentration of NSE
using the individual constants and the correction formula.
The average individual constant of NSE from the 86 hemo-
lyzed neonatal serum samples was 25.15+3.94 mg/g Hb. The
concentration variation between NSE and Hb in neonatal sera
could be described by the equation ANSE,,,=1.8594+24.0670
xAHby,cy (12=0.8045, P<0.001). There was no statistically
significant difference in the NSE corrected results between the
individual constant group and the correction formula group
(Z=-1.645, P=0.100). The linear regression formula of Hb
measured with the instrumental method compared with the
HiCN method was Hb;,,=0.9816xHby;;x+0.5596 (12=0.9924,
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P<0.001). Based on these regression analyses, the correction
formula for NSE in hemolyzed neonatal serum was deter-
mined as NSE_,=NSE,,..,.-24.0670xHby;-x-1.8594 or NSE_, .=
NSE,,..-24.5181xHb,,,+11.8609. In conclusion, hemolysis has
a substantial influence on the accurate measurement of NSE
in neonatal serum samples. For hemolyzed neonatal serum
samples, correcting the NSE results using a correction formula
is essential to evaluate the severity of neonatal hypoxic isch-
emic encephalopathy.

Introduction

Hypoxic-ischemic encephalopathy (HIE) secondary to peri-
natal asphyxia remains a major cause of neonatal mortality
and morbidity worldwide (1,2). The incidence of HIE ranges
from 1 to 3 per 1,000 full-term infants and is present in almost
60% of premature newborns (3-5). Approximately 15-20% of
affected newborns succumb within the postnatal period, and
an additional 25% develop severe and permanent neuropsy-
chological handicaps, including cerebral palsy, seizures, visual
impairment, mental retardation, learning disabilities and
epilepsy (9).

Neuron-specific enolase (NSE) belongs to the family
of enolase enzymes present in all tissues and organisms
capable of glycolysis (6). Enolases consist of three subunits
(o, B, and v) encoded by separate genes. These subunits may
combine to form five different isoenzymes: aa, af, ay, B and
vy (6). NSE, comprised of yy homodimers and ay heterodi-
mers, is widely distributed in central nervous system neurons
and amine precursor uptake and decarboxylation cells (7). As
a marker of neuronal cell death, the serum concentration of
NSE is associated with the degree of HIE and may be used to
evaluate the severity and outcome of HIE (8-11). According to
receiver operating characteristic curves, serum concentrations
of NSE above 40 mg/1 obtained between 4 and 48 h after birth
may distinguish infants with no or mild HIE from infants with
moderate or severe HIE; additionally, serum concentrations
of NSE at a cut-off value of 45.4 mg/l may distinguish infants
with poor outcomes from infants with normal outcomes (11).

NSE is present in substantial levels in the brain and at
lower levels in platelets, red blood cells (RBCs) and the kidney,
and may be differentiated from non-neuronal enolase (NNE),
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which is present in substantial levels in the brain, liver, lung,
muscle, testis and platelets and at lower levels in RBCs, through
the use of targeted immunoassays (12). As platelets and RBCs
contain NSE, hemolyzed samples cannot be tested for NSE.
However, neonatal blood specimen collection is prone to
hemolysis due to the relatively small size of blood vessels in
newborns, and repeated blood sampling is difficult to perform.
Therefore, the present study investigated the effect of neonatal
serum hemolysis on the detection of NSE and whether the use
of a correction formula may aid to reduce these effects.

Materials and methods

Study subjects. A total of 86 serum samples were collected
from newborns, including 54 males and 32 females, within
24 h of birth at the Affiliated Hospital of North Sichuan
Medical College (Nanchong, China) between March 2015
and October 2015. Total bilirubin results of 588 newborns
(375 males and 213 females) within 120 h of birth, and the time
of phlebotomy time after the birth of 530 newborns (328 males
and 202 females) for NSE detection, were collected retrospec-
tively at the Affiliated Hospital of North Sichuan Medical
College between March 2015 and July 2015. The hemoglobin
(Hb) content of blood samples from 280 newborns (163 males
and 117 females), recruited from the Affiliated Hospital of
North Sichuan Medical College between March 2015 and
May 2015, were measured within 24 h of birth and classified
into different levels to understand the distribution character-
istics of total bilirubin, phlebotomy time following birth for
NSE detection and Hb content in neonatal serum samples. All
samples were tested for corresponding assays within 2 h of
collection.

Hb standard curve for hemolyzed neonatal serum samples.
Absorbance values at 540 nm of a standard solution of Hb
(Tianjin Institute of Modern High-Tech Research Center,
Tianjin, China) at concentrations of 50, 100, 150 and 200 g/1
were measured in a UV-Vis spectrophotometer (Beijing
Purkinje General Instrument Co., Ltd., Beijing, China). A
standard curve for whole blood was established by plotting
the absorbance values versus the Hb content. The whole-blood
samples of 10 randomly selected newborns (n=280 group)
were mixed; 20 ul of this mixed blood sample was added to
5 ml Van Kampen and Zijlstra solution (Tianjin Institute of
Modern High-Tech Research Center), and the absorbance value
of the mixture was measured at 540 nm within 5-15 min at
room temperature. The Hb content of the mixed whole-blood
samples was obtained using the standard curve for whole
blood. Concentrations of Hb of 2,4, 6 and 8 g/l were diluted in
physiological saline; 100 ul of this diluted sample was added
to 2.5 ml Van Kampen and Zijlstra solution, and the absor-
bance values of the mixture were also measured at 540 nm
within 5-15 min. A standard curve for the hemolyzed neonatal
serum samples was established by plotting the absorbance
values versus the Hb concentration, and the standard curve
was used to calculate the Hb concentration in the neonatal
serum samples (n=86).

Hemolyzed neonatal serum NSE quantitation. Whole-blood
samples were collected from newborns (n=86)within 24 h of

WANG et al: CORRECTION FORMULA FOR NSE IN HEMOLYZED NEONATAL SERUM SAMPLES

Table I. Laboratory and clinical features of hemolyzed neo-
natal serum samples.

Feature Value
Serum total bilirubin, gmol/l, mean + SD
<24 h (n=181) 459+13.3
25-120 h (n=407) 164.7£74.6
Phlebotomy time after birth, no. (%)
<24 h 486 (91.70)
25-120 h 44 (8.30)
Serum hemoglobin g/l (<24 h), no. (%)
<1 38 (13.57)
1-2 69 (24.64)
>2 173 (61.79)

SD, standard deviation.

birth, and the sera were isolated by centrifugation at 2,583 x g
and 25°C for 5 min. The NSE values were measured in serum
samples by LIAISONXL chemiluminescence analyzer
(DiaSorin S.p.A., Saluggia, Italy) with LTAISON® NSE kit
(314561; DiaSorin S.p.A.). For each sample, 200 u1 RBCs
were drawn into a tube, stored frozen at -80°C for 5 min,
and thawed completely at room temperature; the freeze-thaw
cycle was repeated three times. From each sample tested,
300 pl serum was drawn into another tube and mixed with
10 ul treated RBCs. Serum was isolated by centrifugation
at 2,583 x g and 25°C for 5 min after mixing, and the NSE
results of hemolyzed neonatal serum samples were measured
by chemiluminescence.

Hemolyzed neonatal serum Hb quantitation. Samples
of 100 ul hemolyzed neonatal serum for which NSE
concentrations had been determined prior to and following
addition of freeze-thawed RBCs were added to 2.5 ml Van
Kampen and Zijlstra solution. Absorbance values of the
mixtures were measured at 540 nm within 5-15 min, and Hb
concentrations were calculated according to the Hb standard
curve for hemolyzed neonatal serum samples.

Correlation of hemoglobin cyanide (HiCN) and instrument
tests. As described in the National Committee for Clinical
Laboratory Standards EP9-A2 document (13), the Hb concen-
trations of 40 randomly selected hemolyzed neonatal serum
samples (n=530 group) within 24 h of birth with different
degrees of hemolysis (Hb: 0.50 g-12.00 g/1) were measured
with the HICN method and a Hb analyzer. The correlation was
evaluated between the test results of these two methods.

Statistical analysis. SPSS version 18.0 (SPSS, Inc., Chicago,
IL, USA) was used to establish the result database and perform
the statistical analyses. Measurement data were expressed as
the mean =+ standard deviation. The normality of the individual
constant between neonatal serum NSE levels relative to the
Hb concentration was evaluated by P-P plot and D'Agostino's
test. The Mann-Whitney U test was adopted to compare
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Figure 1. Individual constants of NSE were calculated as the ratios of the changes of the NSE results with the Hb concentration in sera prior to and following
addition of individually frozen and thawed RBCs from 86 newborn samples. (A and B) Based upon P-P plot analysis, the individual constants of NSE were
normally distributed. (C) Correlation analysis demonstrated that the changes in the concentration of NSE in sera prior to and following the addition of individu-
ally frozen and thawed RBCs from 86 neonate samples were significantly correlated with the changes in the concentration of Hb (12=0.8045, P<0.001). NSE,

neuron-specific enolase; Hb, hemoglobin; RBCs, red blood cells.

corrected NSE levels between the individual constant group
(n=86) and the group following correction formula applica-
tion (n=86), and total bilirubin levels between a ‘within 24 h
of birth group’ (n=181) and ‘within 25-120 h of birth group’
(n=407). The Pearson test was utilized for correlation analysis
between the adjusted values of the two groups. The Pearson
test and linear regression analysis were used to compare the
correlation between the levels determined by the HiCN and
instrumental methods. P<0.01 was considered to indicate
statistical significance.

Results

Laboratory and clinical features of neonatal serum samples.
As presented in Table I, the content of serum total bilirubin
in newborns within 25-120 h of birth was significantly higher
compared with that in newborns within 24 h of birth (P<0.01).
When NSE was detected, the birth time of the newborn was
mainly distributed within 24 h. However, the serum samples of
newborns within 24 h of birth appeared to be hemolyzed, and
the concentration of Hb in most sera was >2 g/1.

Standard curves of Hb. The standard curve of the Hb concen-
tration in whole blood was Hb,,,,;=371.6900X A 5,0, +1.7835
(r=0.9991) according to the colorimetric analysis of a standard
solution. In hemolyzed neonatal serum samples, the standard
curve was Hby,,,=34.7690xAs,,m,+0.2492 (r=0.9996).

Correlation between the changes in concentrations of Hb
and NSE. The individual constant of NSE for hemolyzed
neonatal serum samples was the ratio between the change of

NSE to the Hb content in hemolyzed neonatal serum samples
prior to and following addition of individually frozen-thawed
RBCs of newborns. The individual constants of NSE in the
86 hemolyzed neonatal serum samples were 25.15+3.94 mg/g
Hb. Based upon the P-P plot analysis, the individual constants
of NSE were normally distributed (Fig. 1A and B); the same
result was obtained with D'Agostino's test (P=0.314; data not
shown). The changes in the concentration of NSE in sera
prior to and following addition of individually frozen-thawed
RBCs were significantly correlated with the changes in the
concentration of Hb (Fig. 1C); the correlation of concentration
variation between NSE and Hb in hemolyzed neonatal sera
was ANSE,.,,»=1.8594424.0670xHby;y (1?=0.8045, P<0.001).

Comparison of the NSE results corrected by two different
correction methods. The corrected NSE results from the
individual constant group and correction formula group were
compared with hemolyzed serum NSE results (Fig. 2A). There
was no statistically significant difference in corrected NSE
results between the individual constant and correction formula
groups (Z=-1.645, P=0.100; Fig. 2B). Additionally, the results
demonstrated that the corrected NSE results from the indi-
vidual constant group were significantly correlated with those
of the correction formula group (r=0.928, P<0.001; Fig. 2C).
The 95% confidence interval results for NSE corrected with
the formula were in the range of -5.98-10.98 mg/g Hb, which
were comparable with the results of NSE corrected by indi-
vidual constants (Fig. 3).

Correlation between HiCN and instrument tests. The concen-
tration of Hb in hemolyzed serum samples was measured by the
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Figure 2. Comparison of NSE results corrected by individual constants and formula. (A) Graph of the corrected NSE results based on individual constants and
the corrected NSE results using the correction formula in hemolyzed neonatal serum samples. (B) There was no statistically significant difference between the
NSE concentrations following correction based upon the two different correction methods (Z=-1.645, P=0.100). (C) Correlation analysis demonstrated that the
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Figure 3. Absolute differences between NSE results in hemolyzed neonatal sera corrected by the formula and by individual constants. The value of ANSE
(mg/g Hb) obtained by calculating the ratio of the difference of NSE results was corrected by the formula minus the NSE results corrected by the individual
constant to the Hb concentration in hemolyzed neonatal serum samples. The 95% confidence interval values were within the range of -5.98~10.98 mg/g Hb.

NSE, neuron-specific enolase; Hb, hemoglobin.

HiCN and instrumental methods. The content of Hb measured
by the HiCN method was significantly correlated with that
measured by the instrumental method (Fig. 4); the linear
regression formula of Hb measured by the instrumental method
compared with HiCN was Hb,,,,=0.9816xHb;y+0.5596
(12=0.9924, P<0.001).

Correction formulas. According to the association between the
changes in NSE and Hb content in neonatal serum, as well as
the correlation between the two methods for the determination
of Hb, the correction formulas for the determination of NSE

in hemolyzed neonatal serum were NSE_ ,=NSE, .,.-24.0670x
Hbyicn-1.8594 and NSE_ ., =NSE, .,.-24.5181xHb, ,,,+11.86009.

Discussion

The present study described the effect of hemolysis on the
quantitative results of NSE in hemolyzed neonatal serum and
proposed a correction formula for the quantitative results of
NSE in hemolyzed neonatal serum. The correction formula
cannot be applied to all newborns, particularly those with
serum samples collected more than 24 h after birth, and
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Figure 4. Concentrations of Hb in serum samples were measured with the
HiCN and instrumental methods. The concentration of Hb measured by
HiCN was significantly correlated with that measured by the instrumental
method (12=0.9924, P<0.001). HiCN, hemoglobin cyanide; Hb, hemoglobin.

cannot achieve true NSE results in hemolyzed neonatal sera.
However, compared with the quantitative results of NSE or
the estimated results of NSE based upon the pediatrician's
experience with hemolyzed neonatal sera, the corrected NSE
results were closer to the true value, and thus have potential
in aiding pediatricians to evaluate the presence, severity and
prognosis of HIE, particularly for newborns within 24 h of
birth.

Due to differences in metabolism and half-life, inves-
tigating the association between the changes of NSE and
Hb in vivo and the occurrence of physiological hemolysis
in newborns is difficult, particularly during the period
of large-scale metabolic conversion of Hb to bilirubin
in the reticuloendothelial system of the liver, spleen and
marrow (14,15). Not only the association between the changes
of NSE and Hb needs to be considered, but also the associa-
tion between the changes of Hb and bilirubin. The corrected
NSE results may be far from the true results. The degree of
hemolysis of erythrocytes and the concentration of bilirubin
in the serum of newborns exhibits a sharp increase on the
third day and a slight decrease on the fifth day of birth (16).
Accordingly, in the current study, the quantitation of total
bilirubin in the serum of newborns within 24 h was higher
compared with that in newborns aged 2 to 5 days old. This
finding demonstrates that neonatal physiological hemolysis
may occur or that Hb metabolic conversion may occur after
24 h. In addition, more than 90% of clinical orders to measure
NSE in serum were made within 24 h of the neonate's birth;
and for more than 80% of newborns born within 24 h, their
degree of hemolysis of sera was greater than 1 g/l Hb. These
investigations demonstrate that i) establishing a correction
formula for NSE in serum of newborns born within 24 h
may account for most neonates; ii) establishing a correction
formula for NSE in serum for newborns is critical; and iii) in
most cases, a new blood sample from newborns obtained
within 24 h of birth may improve the situation of hemolysis.
Perinatal HIE involves two distinct phases: Immediate
primary neuronal death associated with cellular hypoxia
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and depletion of energy stores; and a secondary phase of
delayed neuronal death (at approximately 6 h) associated
with reperfusion injury (17). Establishing correct judgment
and treatment is critical for the prognosis of newborns with
HIE before 6 h of life (18). Overall, the present study estab-
lished a correction formula for NSE in serum obtained from
newborns within 24 h of birth.

Photometric determination of HiCN is recommended as
the standard method for the quantitative determination of Hb
in blood. If any other method is used, it should be compared
with the HICN method (19). In addition, when a spectropho-
tometer is used, the blood should be appropriately diluted (for
example, 1:251, 20 ul blood in 5 ml reagent) (19). In the current
study, because of the low level of Hb in neonatal sera, the dilu-
tion ratio was reduced (1:26, 100 xl serum in 2.5 ml reagent) to
increase the sensitivity of HiCN in quantitating Hb in neonatal
serum samples, and a best fit line of the concentration of Hb
was obtained with the optical density at A=540 nm and an
r’=0.9996.

The reference range of NSE in neonatal serum in our
laboratory is 0.00-18.00 mg/l, determined from NSE data
when NSE testing was performed at our laboratory, and
the range of inter-individual variability of NSE with Hb
is 25.15+3.94 mg/g Hb. This observation indicates that
more than 80% of newborns may have different degrees of
misinterpretation of their NSE results, particularly when
the pediatrician does not consider the effect of hemolysis
on the results of NSE. When verifying the performance
of the correction formula, the concentration of NSE in
all 86 hemolyzed neonatal serum samples exceeded the
upper limit of the normal range prior to correction; in
comparison, the ratios for exceeding the upper limit of
the normal range were 34.88 and 44.19% for corrections
by individual constants and the correction formula, respec-
tively. There was no significant difference between those
two groups of correction results, and thus the correction
formula may be used to correct the concentration of NSE in
hemolyzed neonatal sera. However, it should be highlighted
that approximately 64, 31 and 5% of corrected results for
NSE may exhibit a maximum difference of 6.74, 10.98 and
greater than 10.99 mg/g Hb, respectively, although these
results were comparable with the results of NSE corrected
by individual constants.

Due to the complexity of the HICN method for detecting
Hb in the serum of newborns, correlation analysis was used
to evaluate the degree of consistency of the HICN with an
instrumental method, and the results indicated a high degree
of correlation (r?=0.9924) between the methods. The instru-
ment method could be used to quantify Hb in the serum of
newborns, followed by the concentration of NSE with the
correction formula. However, there was a maximum differ-
ence of 1 g/l Hb between the two methods, equivalent to an
approximately 25.86 mg/l NSE difference, regardless of the
degree of hemolysis in the serum of newborns.

In conclusion, the use of a correction formula aided to
reduce the effects of hemolysis on NSE results. The present
data suggested that the corrected NSE results were closer to
the true value and may aid pediatricians evaluate the pres-
ence, severity and prognosis of HIE, particularly for newborns
within 24 h of birth.
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