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Abstract

Neuron-specific enolase (NSE) is a glycolytic enzyme present almost
exclusively in neurons and neuroendocrine cells. NSE levels in cere-
brospinal fluid (CSF) are assumed to be useful to estimate neuronal
injury and clinical outcome of patients with serious clinical manifes-
tations such as those observed in stroke, head injury, anoxic encepha-
lopathy, encephalitis, brain metastasis, and status epilepticus. We
compared levels of NSE in serum (sNSE) and in CSF (cNSE) among
four groups: patients with meningitis (N = 11), patients with encepha-
lic injuries associated with impairment of consciousness (ENC, N =
7), patients with neurocysticercosis (N = 25), and normal subjects
(N = 8). Albumin was determined in serum and CSF samples, and the
albumin quotient was used to estimate blood-brain barrier permeabil-
ity. The Glasgow Coma Scale score was calculated at the time of
lumbar puncture and the Glasgow Outcome Scale (GOS) score was
calculated at the time of patient discharge or death. The ENC group
had significantly higher cNSE (P = 0.01) and albumin quotient (P =
0.005), but not sNSE (P = 0.14), levels than the other groups (Kruskal-
Wallis test). Patients with lower GOS scores had higher cNSE levels
(P = 0.035) than patients with favorable outcomes. Our findings
indicate that sNSE is not sensitive enough to detect neuronal damage,
but cNSE seems to be reliable for assessing patients with considerable
neurological insult and cases with adverse outcome. However, one
should be cautious about estimating the severity of neurological status
as well as outcome based exclusively on cNSE in a single patient.
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Introduction

Enolase (2-phospho-D glycerate hydro-
lyase or phosphopyruvate hydratase, EC
4.2.1.11) is a glycolytic enzyme that con-
verts 2-phospho-D glycerate to phospho-
enolpyruvate. It is a protein which is func-
tionally active as a heterodimer assembled

from a combination of three subunits: α, ß
and γ (1). The γγ and αγ isoenzymes are
referred to as neuron-specific enolase (NSE)
(2,3) because it was initially thought that
these isoenzymes were exclusively found in
neurons (4). However, it was subsequently
shown that neuroendocrine cells and several
non-neuronal and non-neuroendocrine cells
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also contained NSE. In contrast to neurons
which express the γγ isoenzyme, non-neu-
ronal cells contain predominantly the αγ
isoenzyme (3).

The encephalic NSE concentration ranges
from 0.4 to 2.2%, and may represent up to
4% of the total soluble proteins in some
neurons (3). In adult brains, higher concen-
trations of NSE are found in the gray matter
(e.g., neocortex) and lower levels in the white
matter (e.g., pyramidal tract and corpus cal-
losum) (2).

NSE was also reported to be present in
platelets and red blood cells (5,6). The pres-
ence of NSE in red blood cells is clinically
relevant because even a mild hemolysis of
2% may increase serum NSE (sNSE) levels
five-fold (7).

Besides being expressed selectively in
neurons, NSE has a high stability in biologi-
cal fluids and, as a free soluble cytoplasmic
protein, can easily diffuse to the extracellu-
lar medium and cerebrospinal fluid (CSF)
when neuronal membranes are injured.
Hence, measurements of CSF-NSE (cNSE)
may be an attractive marker of neuronal
damage (2,3). There are some peculiarities,
however, that have to be considered when
cNSE or other CSF neuronal markers are
assayed: nature, location and extension of
the lesion; CSF turnover and time elapsed
between neuronal injury and CSF sample
collection (8,9).

Several studies have shown that cNSE
yields a reliable estimate of the severity of
neuronal injury as well as clinical outcome
of patients with serious clinical manifesta-
tions such as in cases of stroke (10), head
injury (11), anoxic encephalopathy (12), en-
cephalitis (13), brain metastasis (8), and sta-
tus epilepticus (14).

The results, however, are inconsistent in
less severe or chronic neurological disorders
(15). It has been suggested that there may be
an increase of cNSE at earlier stages of
neurodegenerative disorders, followed by a
gradual decrease as the disease progresses.

In such advanced stages, most neurons are
already degenerate. Indeed, reduced cNSE
levels have been described in Alzheimer's
disease (16). In contrast to other demential
disorders, high cNSE levels have been de-
scribed in Creutzfeldt-Jacob disease (17,18).
It has been suggested that cNSE and CSF 14-
3-3 protein may represent relevant informa-
tion to establish the diagnosis of Creutzfeldt-
Jacob disease. Patients with a clinical pic-
ture indicative of “possible” disease could
be considered “probable” cases of Creutz-
feldt-Jacob disease if there is an association
of high CSF levels of NSE and 14-3-3 pro-
tein (19). In the variant form of Creutzfeldt-
Jacob disease, it has been shown that cNSE
is less sensitive as an indicator, probably
because of the slower progression of the
variant form (20).

Due to the obvious ethical obstacles for
performing CSF collection in some neuro-
logical disorders, several studies have sug-
gested the use of sNSE to estimate neuronal
damage or neurological outcome. However,
the integrity of the blood-brain barrier is not
always altered in such disorders and NSE
may not reach the serum compartment.
Hence, the interpretation of studies using
only sNSE has been controversial. Some
have provided positive results (21-25) while
others have not (26-31). Another restriction
of the interpretation of sNSE levels is the
putative presence of hemolysis that could
lead to false-positive results.

The aim of the present study was to deter-
mine if NSE levels would be expressed dif-
ferentially according to the severity of neu-
rological impairment. Hence, we expect that
neurological disorders associated with poorer
Glasgow Coma Scale and Glasgow Outcome
Scale scores would present higher NSE levels.

Subjects and Methods

Subjects

All patients included in this study were
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chosen prospectively among patients who un-
derwent lumbar puncture due to medical indi-
cation. The study was approved by the Ethics
Committee of our institution and informed
consent was obtained from all subjects.

The Glasgow Coma Scale score (32) was
calculated at the time of lumbar puncture
and the Glasgow Outcome Scale score (33)
was obtained at the time of patient discharge
or death. The Glasgow Outcome Scale was
used with some modifications as follows:
score 1 - death; score 2 - persistent vegeta-
tive state; score 3 - severe disability, patients
who are unable to perform activities of daily
living, dependent on others for self-care;
score 4 - mild disability, patients able to
perform activities of daily living but with a
motor or cognitive deficit; score 5 - normal
neurological status.

Patients were divided into four groups
according to etiology and/or neurological
status: 1) patients with meningitis who pre-
sented a score of 15 on the Glasgow Coma
Scale; 2) patients with encephalic injuries
who presented a score of 14 or less on the
Glasgow Coma Scale (ENC); 3) patients
with a diagnosis of neurocysticercosis based
on clinical, neuroimaging, immunodiagnos-
tic reactions and epidemiological data (34);
4) a control group.

The control group included patients with-
out any neurological or systemic disorders
who underwent lumbar puncture for spinal
anesthesia for inguinal herniotomy or ortho-
pedic surgeries, or patients with chronic head-
ache who had normal clinical examination,
neuroimaging, CSF and other ancillary
exams, and who were diagnosed as having
tension headache.

CSF and serum samples

CSF and peripheral blood samples were
collected simultaneously and centrifuged
for 10 min at 2500 g; 1 ml of the cell-free
samples was immediately frozen and stored
at -70ºC until analysis. Hemolyzed serum

samples and CSF samples containing eryth-
rocytes were excluded. Control CSF samples
were obtained at the time of lumbar puncture
performed for spinal anesthesia, before the
anesthetic was injected. All samples were
thawed and analyzed in a single series. NSE
was assayed by a commercial enzyme immu-
noassay kit (Cobas Core NSE EIA II; Roche,
Basel, Switzerland) (35).

Quantitative determination of albumin
by nephelometry (BN-100; Dade Behring,
Marburg, Germany) was also performed in
serum and CSF samples, and the CSF/serum
albumin concentration ratio (albumin quo-
tient, Qalb) was used as a measure of blood-
brain barrier permeability (36).

Statistical analysis

The Kruskal-Wallis test, followed by the
post hoc Dunn test, was used to compare
age, cNSE, sNSE and Qalb among groups
and between groups and controls. The Mann-
Whitney U-test was used to compare cNSE
and sNSE between patients with Glasgow
Outcome Scale scores 1 + 3 and patients
with Glasgow Outcome Scale scores 4 + 5.
Nonparametric linear regression analysis
based on Kendall’s rank correlation test was
used to correlate NSE with age and several
CSF and serum parameters. A P value of
<0.05 was used for significance.

Results

Fifty-one subjects, 28 men and 23 women
ranging in age from 13 to 82 years (mean =
38, median = 37) were enrolled in the study.
There was no difference in age among groups
(P = 0.65). There was no difference in NSE
levels between males (cNSE: mean ± SD =
9.7 ± 23.0 ng/ml, median = 3.6 ng/ml; sNSE:
8.8 ± 10.3, 6.7 ng/ml) and females (cNSE:
7.8 ± 7.9, 6.1 ng/ml; sNSE: 7.3 ± 7.3, 5.8 ng/
ml; cNSE: P = 0.10; sNSE: P = 0.81). Non-
parametric linear regression analysis did not
show any correlation between the following
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variables: age and cNSE, age and Qalb, CSF
protein levels and cNSE, CSF number of
cells and cNSE,  cNSE and Qalb, or sNSE
and Qalb (P = 0.23).

Levels of cNSE and sNSE in subjects
with CSF pleocytosis (cell counts >5/mm3)
(N = 24; cNSE: mean ± SD = 7.3 ± 11.6 ng/
ml, median = 3.7 ng/ml; sNSE: 7.8 ± 7.4, 6.5
ng/ml; Qalb: 13.2 ± 34.2 x 10-3, 5.8 x 10-3)
were not different from those of subjects
with normal CSF cell counts (N = 27; cNSE:
10.3 ± 21.9, 6.1 ng/ml; sNSE: 8.3 ± 10.4, 6.4
ng/ml; Qalb: 5.4 ± 5.5 x 10-3, 3.5 x 10-3);
however, Qalb was higher in those with
pleocytosis (cNSE: P = 0.30; sNSE: P =
0.61; Qalb: P = 0.033). Levels of cNSE and
sNSE in subjects with CSF protein levels
>45 mg% (N = 13; cNSE: 18.4 ± 32.8, 5.6
ng/ml; sNSE: 11.2 ± 14.5, 7.9 ng/ml; Qalb:
23.3 ± 46.3 x 10-3, 8.7 x 10-3) did not differ
from those with CSF proteins ≥45 mg% (N =
38; cNSE: 5.6 ± 5.6, 4.7 ng/ml; sNSE: 7.0 ±
6.1, 6.1 ng/ml; Qalb: 4.5 ± 3.2 x 10-3, 3.5 x
10-3) but Qalb was higher (cNSE: P = 0.59;
sNSE: P = 0.66; Qalb: P < 0.0001).

The number of subjects and the main
laboratory results of the four groups are pre-
sented in Table 1. The comparison of cNSE
levels among groups is represented in Figure
1. Table 2 describes the clinical and labora-
tory data of each patient from the ENC group.
In the ENC group, nonparametric linear re-
gression analysis did not show a correlation
between Qalb and cNSE or between Qalb
and sNSE.

Considering all subjects, cNSE levels did
not correlate with sNSE (Figure 2). How-
ever, when only patients of the ENC group
were considered there was a positive corre-
lation between cNSE and sNSE (Figure 3).

Table 3 presents the cNSE and sNSE
values according to clinical outcome. Pa-
tients with Glasgow Outcome Scale scores
1 + 3 had significantly higher cNSE levels
than patients with Glasgow Outcome Scale
scores 4 + 5 (P = 0.035; Figure 4). Patients
with Glasgow Outcome Scale scores 1 + 3

Table 1. Distribution of neuron-specific enolase (NSE) levels and albumin quotient
among the groups studied.

Group N cNSE (ng/ml) sNSE (ng/ml) Qalb (x10-3)

 Mean ± SD Median Mean ± SD Median Mean ± SD Median

MEN 11 4.9 ± 4.6 4.4 5.8 ± 4.6 5.4 6.9 ± 3.3 5.9

ENC 7 35.8 ± 39.2* 29.7 20.9 ± 19.2 9.2 33.8 ± 60.3* 9.5

NC 25 3.9 ± 3.2 3.0 6.6 ± 3.4 7.1 4.1 ± 2.5 3.4

CON 8 6.3 ± 3.6 6.1 4.7 ± 2.3 4.9 3.4 ± 1.4 3.2

CON = control; cNSE = NSE in cerebrospinal fluid; ENC = encephalic; MEN =
meningitis; NC = neurocysticercosis; sNSE = serum NSE. The albumin quotient (Qalb)
is the ratio CSF albumin concentration/serum albumin concentration. The ENC group
had higher levels of cNSE (*P = 0.01) and Qalb (*P = 0.0047), but not of sNSE (P =
0.14), compared to the other groups (Kruskal-Wallis test followed by the Dunn test).

Table 3. Distribution of neuron-specific enolase (NSE) levels according to Glasgow
Outcome Scale (GOS) scores.

GOS N cNSE (ng/ml) sNSE (ng/ml)
scores

 Mean ± SD Median Mean ± SD Median

1 + 3 7 31.56 ± 41.49 12.50* 20.71 ± 19.34 9.20
4 + 5 44 5.25 ± 5.25 4.40 6.09 ± 3.54 5.85

cNSE = NSE in cerebrospinal fluid; sNSE = serum NSE.
*P = 0.035 compared to GOS 4 + 5 (Mann-Whitney test).

Table 2. Distribution of neuron-specific enolase (NSE) levels, albumin quotient (Qalb)
and clinical data among patients with encephalic disorders (ENC).

Patient Diagnosis Duration of cNSE sNSE Qalb GCS GOS Cells/mm3

symptoms (ng/ml) (ng/ml) (x10-3) score score

ENC1 NCSE 7 days 12.5 9.2 26.31 10 1 1.3
ENC2 ADEM 8 days 4.9 6.4 4.41 9 3 0.6
ENC3 PM 5 h 3.8 2.2 169.46 13 1 6.3
ENC4 HE 5 days 52.9 36.6 7.80 11 3 36.6
ENC5 LC 21 days 31.1 37.6 3.57 7 3 0.0
ENC6 NT 20 days 115.5 48.4 15.23 12 1 4.6
ENC7 CV 2 days 29.7 5.9 9.51 14 5 97.0
Mean   35.8 20.9 33.76   20.9
SD   39.2 19.2 60.34   35.9
Median 29.7 9.2 9.51 4.6

ADEM = acute disseminated encephalomyelitis; cNSE = NSE in cerebrospinal fluid;
CV = cerebral vasculitis; duration of symptoms = period of time between the onset of
symptoms and enrollment in the study; GCS = Glasgow Coma Scale; GOS = Glasgow
Outcome Scale; HE = herpetic encephalitis; LC = lupus cerebritis;  NCSE = non-
convulsive status epilepticus; NT = neurotoxoplasmosis; PM = pneumococcal menin-
gitis; sNSE = serum NSE. Cells = number of CSF cells/mm3.
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also had significantly higher levels of Qalb
(P = 0.0499). Serum NSE levels showed a
trend to be significant between the two groups
(P = 0.0515).

Discussion

The present findings indicate that pa-
tients in the ENC group had higher cNSE
levels than patients from the other groups.
The ENC group was characterized by het-
erogeneous neurological disorders that had
in common lower scores on the Glasgow
Coma Scale. These results indicate that cNSE
provides a good indicator of brain injury, as
suggested by previous studies (10-12,14).

Due to ethical restrictions and limitations
of lumbar puncture, estimation of sNSE
would be a more convenient approach, al-
lowing serial sample collections. Literature
data have shown discrepancies among stud-
ies concerning the exclusive use of sNSE to
estimate neuronal damage (26,28-30). One
could expect that cNSE could be replaced by
sNSE at least in cases which present blood-
brain barrier disruption. Our findings indi-
cated, however, that even in the ENC group,
which had evidence of blood-brain barrier
disruption (indicated by elevated Qalb), sNSE
levels were not significantly higher than in
the other groups, suggesting that sNSE is not
a realiable indicator of neuronal damage.

The lack of an increase of sNSE and/or
cNSE in patients with meningitis, who had
normal Glasgow Coma Scale scores, was not
particularly surprising, since in this situation
the inflammatory involvement of brain pa-
renchyma is probably negligible (37). This
also seems to be true in conditions associ-
ated with involvement of a small proportion
of brain parenchyma. We have recently
shown that patients with neurocysticercosis
with less than five degenerating cysts also
had normal cNSE and sNSE levels, indicat-
ing that the inflammatory response associ-
ated with a relatively small number of de-
generating cysts does not provoke sufficient

Figure 2. Nonparametric linear regression analysis of neuron-specific eno-
lase levels in serum (sNSE) and neuron-specific enolase levels in cerebrospi-
nal fluid (cNSE) for all subjects (N = 51). P = 0.16 (Kendall’s rank correlation
coefficient tau b = 0.135808).

neuronal damage to increase NSE levels (38).
A detailed observation of patients from

the ENC group discloses some pitfalls of the
use of cNSE as a tool to estimate the severity
of brain injury. In patient ENC2, who had
acute disseminated encephalomyelitis, cNSE
was within the normal range 8 days after the
onset of symptoms, despite the fact that the
patient presented a score of 9 on the Glasgow
Coma Scale. The normal levels of cNSE may
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Figure 1. Distribution of neuron-specific enolase levels in cerebrospinal fluid
(cNSE) in patients with encephalic disease (ENC; N =7), meningitis (MEN;
N = 11) and neurocysticercosis (NC; N = 25). Control (N = 8). *P = 0.01
compared to the other groups (Kruskal-Wallis test).
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days later. NSE levels were within the nor-
mal range 5 h after the onset of symptoms,
when the patient had a Glasgow Coma Scale
score of 13. Although cases of meningitis are
not usually associated with increased NSE
levels, we would expect some elevation when
there is an indication of encephalic involve-
ment. In addition, cNSE was unable to pre-
dict the death outcome. We might speculate
that that at the time of lumbar puncture the
patient was already in a septic state. The
lower Glasgow Coma Scale score could be
caused by a diffuse encephalopathy without
direct involvement of brain parenchyma.
However, a previous study has suggested
that sNSE might be used to predict the death
outcome in patients with sepsis (40).

The present study indicated that there
was a significant difference in cNSE levels
between groups of patients with Glasgow
Outcome Scale scores 1 + 3 and with Glasgow
Outcome Scale scores 4 + 5. Although the
present study had a relatively small number
of patients, we suggest that cNSE might be a
useful parameter to estimate the unfavorable
outcome in this set of patients. However, the
pitfall cases presented earlier illustrate the
limitations of NSE levels as an isolated prog-
nostic parameter.

Of the seven patients in the ENC group,
four (ENC1, ENC4, ENC5 and ENC6) pre-
sented an agreement between elevated NSE
levels and poor prognosis, two (ENC2 and
ENC3) had normal NSE levels but presented
unfavorable outcomes (Glasgow Outcome
Scale score 1 or 3), and one patient (ENC7)
had elevated NSE levels, but his outcome was
favorable (Glasgow Outcome Scale score 5).

Our findings indicate that sNSE is not
sensitive enough to detect neuronal damage,
but cNSE seems to be a reliable parameter
for assessing patients with considerable neu-
rological insult as well as cases with adverse
outcome. However, the estimate in a single
patient of the severity of neurological status
as well as outcome based exclusively on
cNSE should be considered with caution.
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Figure 4. Distribution of neuron-specific enolase levels in cerebrospinal
fluid (cNSE) of subjects with scores 1 + 3 (N = 7) on the Glasgow
Outcome Scale (GOS) and of subjects with scores 4 + 5 on the GOS. *P =
0.035 compared to GOS 4 + 5 (N = 44) (Mann-Whitney test).

be due to the fact that acute disseminated
encephalomyelitis predominantly affects
white matter (39), which contains lower con-
centrations of NSE. An alternative explana-
tion is that NSE had been elevated at the
onset of symptoms but had returned to nor-
mal levels at the time of lumbar puncture.

One unexpected finding in our series con-
cerned patient ENC3, who had pneumococ-
cal meningoencephalitis and died of sepsis 3
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Figure 3. Nonparametric linear regression analysis of neuron-specific eno-
lase levels in serum (sNSE) and neuron-specific enolase levels in cere-
brospinal fluid (cNSE) of the encephalic (ENC) group (N = 7). P = 0.035
(Kendall’s rank correlation coefficient tau b = 0.714286).
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