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Abstract
Background: Reference intervals (RIs) are important for interpretation of laboratory 
results. Neuron‐specific enolase (NSE) can be utilized to aid the diagnosis of various 
tumors. However, while red blood cells contain NSE αγ‐isozymes, unrecognized slight 
hemolysis will result in increasing of NSE levels in serum. The aim of this study was to 
correct the NSE RIs from healthcare individuals results which may have unidentified 
microhemolysis.
Methods: A total of 15 047 healthy individuals undergoing regular health care were 
recruited to redefine the NSE reference interval according to the CA28‐A3 docu‐
ment. Volunteers with NSE level between 16.3 ng/mL and the upper limit of new 
RIs were performed venipuncture for NSE retest. Simultaneously, serum free hemo‐
globin (fHb) was performed with o‐tolidine test.
Results: Reestablishment of NSE RIs is 0‐18.9 ng/mL, which is wider than 0‐16.3 ng/
mL provided by the manufacturer. Seventy‐four volunteers with the NSE level be‐
tween 16.3 and 18.9 ng/mL were performed venipuncture for NSE retest. The ratio 
of NSE level drop to normal is 85.1% (63/74) in the subsequent results; there are 
significant differences between the median NSE of two groups (18.15 vs 14.15 ng/
mL). Subsequently, the fHb concentration of 22 healthy individuals from 74 individu‐
als was measured; there are significant differences between the median fHb of two 
groups (58 vs 30 mg/L).
Conclusions: Some specimens with slightly elevated NSE may be attributed to the 
unrecognized slight hemolysis. The correction RIs may be expected to decrease the 
abnormal NSE results.
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1  | INTRODUC TION

Reference intervals (RIs) are important for interpretation of labora‐
tory results. Some factors such as the inaccurate and inappropriate 
utility of RIs will result in improper clinical decisions. To make suitable 
clinical decisions, it is necessary to have appropriate RIs and proper 
application, especially tumor markers. As a tumor and neuron injury 
marker, serum neuron‐specific enolase (NSE) is widely used in the 
diagnosis of neuroblastoma, small cell lung cancer (SCLC), as well as 
neuron injury.1,2 NSE is largely derived from secretion of neurons and 
neuroendocrine cells.3

However, NSE is comprised of two isoforms, including αγ and 
γγ, and αγ‐isozyme was also reported in erythrocyte and platelet. 
Some physical or chemical conditions, which could damage erythro‐
cyte and platelet in blood samples, will increase αγ‐isozyme in serum 
and increase the concentration of NSE.4 Moreover, specimens of 
patients with slight hemolysis which are hardly observed with the 
naked eye could be neglected. The elevation of serum NSE caused 
by unidentified hemolysis will lead to improper clinical decisions in 
this condition. To eliminate the interference, Verfaillie CJ and Tolan 
NV.5,6 established the correction equation for NSE measurement in 
hemolyzed serum samples which need to manually measure the free 
hemoglobin concentration of each serum sample. It seems inconve‐
nient and cost‐effective.

Different from previous research, we try to solve the problem 
of the correction of NSE RIs. It is well known that the determination 
of the RIs is generally referenced to CLSI C28‐A3.7 Following the 
guidelines using a nonparametric method, RIs are typically derived 
from the population who may be different from the patient popu‐
lation undergoing medical evaluation. Alternatively, the RIs can be 
provided by the manufacturer and then transfer to the laboratory 
user by validation process.8 The NSE reference interval provided 
by manufacturer is 0‐16.3 ng/mL, and it is applicable in our labo‐
ratory by the transferring and validation process. The elevation of 
serum NSE caused by unidentified hemolysis will be considered 
as abnormal results, which may affect the clinical decision‐mak‐
ing. Inspiration from several studies that have attempted to derive 
reference values from patient samples,9,10 the alternative way is to 
re‐establish the NSE reference interval including these invisible he‐
molysis specimens.

The aim of this study was to correct the NSE reference intervals 
from healthcare individuals even contain serum sample may have 
hemolysis that is invisible to the naked eye. Simultaneously, it is ex‐
plored that the NSE value exceeds the original reference intervals 
whether caused by undefined hemolysis.

2  | MATERIAL S AND METHODS

2.1 | Study population

This research was a retrospective analysis of NSE samples from 
the healthcare individuals recruited from medical examination 
center of First Affiliated Hospital of Nanjing Medical University 

from January 2017 to December 2017. Individuals with any one 
of the following conditions were excluded: (a) higher Cyfra21‐1 
or CEA; (b) abnormal chest X‐ray; (c) malignancy; (d) chronic dis‐
eases (eg, hypertension, diabetes mellitus, hepatitis); (e) abnor‐
mal liver and kidney functions tests and abnormal hematology 
tests; and (f) naked hemolysis. Informed consent was achieved 
according to the guidelines on the fields of medical ethics and 
research ethics.

2.2 | Quantitation of NSE in serum

Fasting blood samples were drawn from healthcare individuals in the 
morning and transported to our laboratory within 3 hours after phle‐
botomizing. After centrifuging at 1600 g for 5 minutes, serum was 
separated and analyzed automatically. NSE test was measured by 
Roche Cobas e 601 electrochemiluminescence analyzer system and 
corresponding reagents. The parameters of analyzer system were 
set as follows: linear range was 0.05 ~ 370 ng/mL, with the analyti‐
cal sensitivity for <0.05 ng/mL.

2.3 | Define of serum NSE reference interval

According to CLSI C28‐A3 on how to establish a reference interval 
by Clinical and Laboratory Standard Institute (CLSI),11 the refer‐
ence interval should be built on samples from healthy population 
according to appropriate inclusive and exclusive criteria. Reference 
interval is an interval between the reference upper limit and lower 
limit. It is designated as the interval between a certain percentages 
(generally 95%) of values of the health population (usually a ref‐
erence group) fall into. For most researches, the 2.5th percentile 
and 97.5th percentile are used as the lower limit and upper limit 
defining the reference interval. In many cases, only one side of the 
range has the clinical significance, which is usually the upper limit 
(the 97.5th percentile). As for the reference interval of NSE, with 
no clinical significance of the lower limit, the 97.5th percentile as 
the upper limit was used.

2.4 | Quantitation of free hemoglobin in serum

Measurement of free hemoglobin (fHb) in serum was performed with 
o‐tolidine test. The mechanism is that the ferroheme in hemoglobin 
has similar activity with peroxidase, which can oxidize benzidine to 
present green color initially and then purple color. The concentration 
of fHb can be analyzed using UV spectrophotometer and a reference 
sample of already known fHb concentration.12

2.5 | Statistical analyses

STATA software 12.0 was used for all statistical analysis. For pro‐
spective analyses (dependent samples), quantitative variables were 
compared using ANOVA. Quantitative variables were compared 
between two groups of independent samples using Mann‐Whitney 
test for variables with non‐normal distribution.
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3  | RESULTS

3.1 | Study population summary

In this period, a total of 21 354 healthy individuals came to hospital 
physical examination center of First Affiliated Hospital of Nanjing 
Medical University for healthcare examination and required NSE 
test. According to the previous excluded criterion, individuals who 
do not meet the requirements will be excluded. Consequently, 
15 047 healthy individuals were included, with 8374 male individu‐
als (age range: 14‐75 years) and 6673 female individuals (age range: 
15‐77 years).

3.2 | Reference intervals

Previous studies show that there was no statistical difference in 
NSE reference interval between sex and age.13 Therefore, the NSE 
reference intervals are not stratified according to the sex and age 
in this study. Considering the lower limit of NSE reference interval 
has no clinical significance, the 97.5th percentile upper limit as the 
reference interval was used. The reference interval of NSE from this 
study is 0‐18.9  ng/mL. However, the reference interval of NSE is 
0‐16.3 ng/mL which is provided by the manufacturer and validated 
by our laboratory. The range of reference interval, which was estab‐
lished according to the physical examination center is higher than 
our previous transferring and validation reference interval. The pos‐
sible reason for the reference interval widening is the unrecognized 
microhemolysis in the serum of healthcare individuals.

3.3 | Comparison between the NSE retests 
result and the initial result in healthcare individuals

While 0‐16.3 ng/mL as RIs of NSE is used, the results from 16.3 to 
18.9 ng/mL will be considered slightly elevated, wrong clinical deci‐
sions may be implemented. In order to validate the possible false 
high level in this population with an NSE level between 16.3 and 
18.9 ng/mL, 74 volunteers from this population were randomly cho‐
sen. Repeated blood sampling by highly skilled technicians to ensure 
successful sampling process was carried out. As showed in Table 1, 

an NSE retest level <16.3 ng/mL was seen in 63 patients. Only 11 
patients had NSE levels higher than the reference interval, the ratio 
of higher NSE level drop to normal is 85.1% (63/74). As NSE distribu‐
tion from 74 volunteers of initial and retest results are non‐normal 
distribution by ANOVA, Mann‐Whitney analysis is used to compare 
between the two groups. The retest results were significantly lower 
than the initial results (P = .00).

3.4 | Serum free hemoglobin measurement

The fHb levels in the initial serum and the retest serum of 22 healthy 
individuals randomly chosen from the 74 individuals were measured. 
As fHb distribution from these healthy individuals of initial and re‐
test results are non‐normal distribution by ANOVA, Mann‐Whitney 
analysis is used to compare between the two groups. As shown in 
Table 2, the media of fHb concentration were 58 and 30 mg/L, re‐
spectively, marking a statistically significant higher fHb level in the 
initial serum than the retest serum (P = .00), which indicated slight 
hemolysis is a possible cause for the initially high NSE levels. As a 
preanalytic factor that may be neglected, microhemolysis may have 
affected the establishment of our reference interval.

4  | DISCUSSION

Herein, we describe the correction of NSE reference intervals de‐
rived from healthcare individual samples. The NSE reference interval 
established in our study differs from the previous study.14 The main 
reason is that the reference interval of previous study is established 
according to the strict rules of C28‐A3, but in our research, the data 
derived from healthcare individuals may include unrecognized slight 
hemolysis in the serum.

It seems that the reference interval we defined was not accurate 
on account of not strictly referring to the exclude criterion of C28‐
A3 guideline. However, because of some tests which could be inter‐
fered by conditions we cannot identify, the preanalytic factors may 
be taken into account in the process of defining reference intervals. 
Moreover, there are several studies that have attempted to derive 
reference values from patient samples.10,15 Therefore, the reference 

Groups
Incidence of higher 
NSE

NSE (ng/mL)

PLevel range Median level

Initial results 100% (74/74) 16.30 ~ 18.90 18.15 .00

Retest results 14.8% (11/74) 3.80 ~ 22.60 14.45

TA B L E  1   Initial neuron‐specific 
enolase (NSE) results and retest results in 
74 healthy individuals (n = 74)

Group
NSE level range
(ng/mL)

fHB (mg/L)

PLevel range Median level

Initial results 16.58‐18.70 27 ~ 110 58 .00

Retest results 3.80‐12.92 15 ~ 52 30

Abbreviation: NSE, Neuron‐specific enolase.

TA B L E  2   Initial fHb measurement and 
remeasurements in healthy individuals 
(n = 22)
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interval established by our study did take into account the possibility 
of slight hemolysis in some specimens. The reference interval we ob‐
tain is wider than the manufacturer provided. This further confirms 
that there may be unrecognized hemolysis in the specimens that we 
choose.

As is well known, hemolysis blood sample may affect the mea‐
surement of many tests, such as serum potassium, NSE and lactate 
dehydrogenase (LDH), etc16 The hemolytic samples can be regarded 
as unqualified specimens and rejected. The visible hemolysis sam‐
ples can be identified by machine or naked eyes easily, but if slight 
hemolysis could not be identified, erroneous results may lead to 
wrong clinical decisions.

In the previous studies, many laboratory scientists have been 
concerned about the impact of hemolysis on NSE results and try to 
correct it in different methods. Verfaillie CJ et al5 revealed a linear cor‐
relation between the concentration of NSE and the hemolytic index 
(H, 1H = 0.621 μmol/L Hb) and propose using a generalized correction 
factor according to the degree of hemolysis present in the sample. To 
adjust the NSE concentration, a term equal to (H × 0.30 μg/L) will be 
subtracted from the measured NSE concentration. Whereas, there is 
almost a 2‐fold difference in RBC NSE concentrations between indi‐
viduals, indicating that this generalized correction will have difficulties 
providing accurate results. Subsequently, Nicole V. Tolan et.al6 estab‐
lished viable correction formula which took notice of individualized 
both on the patient level, to correct for inter‐individual variability in 
RBC NSE content, and on the assay level, accounting for Hb‐medi‐
ated signal quenching. Their studies correct the influence of hemo‐
lysis on NSE through the establishment of an equation. In practice, 
the amounts of free hemoglobin in serum or hemolytic index need 
to measure, simultaneously. Slight hemolysis, beyond our naked eye, 
attributed to NSE increasing may be ignored. Thus, it is necessary to 
correct the slight hemolysis which may affect our clinical decision.

In our study, the reference interval that we developed is 
0‐18.9  ng/mL. The reference intervals of NSE are defined by the 
data derived from healthcare individuals may include unrecognized 
slight hemolysis in the serum. However, the reference interval we 
used in daily work is 0‐16.3 ng/mL which is provided by the man‐
ufacturer and previously validated by our laboratory. The range of 
reference interval established according to the physical examination 
center is wider than our previous transformation and validation re‐
sult. The possible reason for this reference interval varying is the 
unrecognized slight hemolysis in the serum of healthcare individuals.

In order to validate our possible speculation, we chose 74 volun‐
teers of this population with an NSE level between 16.3 and 18.9 ng/
mL and draw blood samples by skilled technicians to avoid the he‐
molysis in drawing blood process. The second NSE results below 
16.3 ng/mL were showed in 63 patients; this further confirmed that 
the first results, which will decrease in second results, were affected 
by hemolysis. Moreover, we measured the fHb levels in the initial 
serum and the second serum of 22 healthy individuals randomly 
chosen from the 74 individuals. It is showed that slight hemolysis as 
a preanalytic factor may be neglected, which may be taken into con‐
sideration on the progress in the NSE reference interval definition.

In summary, by correction of the NSE reference interval for the 
slight hemolysis in the serum of which may lead to clinical wrong de‐
cision, we redefine the NSE reference interval which the recruitment 
samples may involve the unrecognized slight hemolysis according to 
the C28‐A3 guideline. This correction reference interval may have 
some shortcomings such as that the reference interval becomes 
wider, which may cause some patients to be unable to diagnose. The 
other is that the reference interval is only from a single‐center study. 
The multi‐center study will be taken into consideration in our future 
research. However, its advantages are also obvious. The correction 
may be expected to decrease the abnormal NSE test which may min‐
imize the next healthcare costs. The reference interval is derived 
from the healthy individuals of our hospital, ongoing working at our 
hospital, assessing the clinical utility of this redefined reference in‐
terval in the prediction of neurological diseases.

ACKNOWLEDG MENTS

This study was supported by grants from Key Laboratory 
for Laboratory Medicine of Jiangsu Province of China (No. 
ZDXKB2016005), A Project Funded by the Priority Academic 
Program Development of Jiangsu Higher Education Institutions, the 
National Natural Science Foundation of China (81101322, 81201359, 
81302531, and 81371894) and the Natural Science Foundation of 
Jiangsu Province (BK2009440, BK20131018).

CONFLIC T OF INTERE S T

Authors do not have any conflict of interest to disclose.

ORCID

Erfu Xie   https://orcid.org/0000-0002-6787-7646 

Huaguo Xu   https://orcid.org/0000-0001-7170-9445 

R E FE R E N C E S

	 1.	 Niklinski J, Furman M. Clinical tumour markers in lung cancer. Eur J 
Cancer Prev. 1995;4(2):129‐138.

	 2.	 Riley RD, Heney D, Jones DR, et al. A systematic review of molecu‐
lar and biological tumor markers in neuroblastoma. Clin Cancer Res. 
2004;10(1 Pt 1):4‐12.

	 3.	 Isgro MA, Bottoni P, Scatena R. Neuron‐specific enolase as a 
biomarker: biochemical and clinical aspects. Adv Exp Med Biol. 
2015;867:125‐143.

	 4.	 Marangos PJ, Schmechel D, Parma AM, Clark RL, Goodwin FK. 
Measurement of neuron‐specific (NSE) and non‐neuronal (NNE) 
isoenzymes of enolase in rat, monkey and human nervous tissue. J 
Neurochem. 1979;33(1):319‐329.

	 5.	 Verfaillie CJ, Delanghe JR. Hemolysis correction factor in the mea‐
surement of serum neuron‐specific enolase. Clin Chem Lab Med. 
2010;48(6):891‐892.

	 6.	 Tolan NV, Vidal‐Folch N, Algeciras‐Schimnich A, Singh RJ, Grebe 
S. Individualized correction of neuron‐specific enolase (NSE) 
measurement in hemolyzed serum samples. Clin Chim Acta. 
2013;424:216‐221.

https://orcid.org/0000-0002-6787-7646
https://orcid.org/0000-0002-6787-7646
https://orcid.org/0000-0001-7170-9445
https://orcid.org/0000-0001-7170-9445


     |  5 of 5XIE et al

	 7.	 CLSI. Defining, Establishing, and Verifying Reference Intervals in the 
Clinical Laboratory; Approved Guideline (3rd edn). Wayne, PA: Clinical 
and Laboratory Standards Institute; 2010.

	 8.	 Lu J, Zheng Z, Zhang QI, et al. Measurement of HE4 and CA125 and 
establishment of reference intervals for the ROMA index in the sera 
of pregnant women. J Clin Lab Anal. 2018;32(5):e22368.

	 9.	 McCudden CR, Brooks J, Figurado P, Bourque PR. Cerebrospinal 
fluid total protein reference intervals derived from 20 years of pa‐
tient data. Clin Chem. 2017;63(12):1856‐1865.

	10.	 Hegen H, Auer M, Zeileis A, Deisenhammer F. Upper reference lim‐
its for cerebrospinal fluid total protein and albumin quotient based 
on a large cohort of control patients: implications for increased clin‐
ical specificity. Clin Chem Lab Med. 2016;54(2):285‐292.

	11.	 Wang X, Xu G, Li H, Liu Y, Wang F. Reference intervals for serum 
creatinine with enzymatic assay and evaluation of four equations to 
estimate glomerular filtration rate in a healthy Chinese adult popu‐
lation. Clin Chim Acta. 2011;412(19‐20):1793‐1797.

	12.	 Imafuku Y, Yoshida H, Yoshida S. The effect of detergents on chem‐
ical occult blood test. Fukushima J Med Sci. 1999;45(2):117‐123.

	13.	 Liu Q, Fan J, Xu A, et al. Distribution of serum neuron‐specific eno‐
lase and the establishment of a population reference interval in 
healthy adults. J Clin Lab Anal. 2019;33(5):e22863.

	14.	 Jorgensen LG, Lober J, Carlsen NL, Momsen G, Hirsch FR. Serum 
neuron specific enolase (S‐NSE) reference interval evaluation by 
time‐resolved immunofluorometry compared with a radioimmuno‐
assay. Clin Chim Acta. 1996;249(1‐2):77‐91.

	15.	 Dufour‐Rainfray D, Beaufils E, Vourc'h P, et al. Total protein level 
in cerebrospinal fluid is stable in elderly adults. J Am Geriatr Soc. 
2013;61(10):1819‐1821.

	16.	 Yanagisawa Y, Isobe K, Naito A, et al. Influence of in vitro hemolysis 
on 80 different laboratory tests. Clin Lab. 2017;63(2):219‐226.

How to cite this article: Xie E, Zhang W, Xu H, Ling Y, Zhang 
Q, Pan S. Correction of serum NSE reference intervals 
includes the unidentified hemolysis sample: 1‐year data 
analysis from healthcare individuals. J Clin Lab Anal. 
2019;33:e22997. https​://doi.org/10.1002/jcla.22997​

https://doi.org/10.1002/jcla.22997

