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Serum Biomarkers and Clinical Outcomes in Traumatic Spinal Cord Injury: Prospective
Cohort Study
Marcelo de Mello Rieder1,2,4, Jean Pierre Oses5, Fernanda Machado Kutchak1,2,4, Mônia Sartor3, André Cecchini4,6,
Marcelo Salimen Rodolphi3, Carolina David Wiener5, Afonso Kopczynski3, Alexandre Pastoris Muller7,
Nathan Ryzewski Strogulski3, Randhall B. Carteri3, Gisele Hansel7,8, Marino Muxfeldt Bianchin1,2, Luis Valmor Portela3

BACKGROUND: A plethora of reactive cellular
responses emerge immediately after a traumatic spinal
cord injury (SCI) and may influence the patient’s outcomes.
We investigated whether serum concentrations of neuronspecific enolase, interleukin-6, glial-derived neurotrophic
factor, and neurotrophic growth factor reflect the acutephase responses to different etiologies of SCI and may
serve as predictive biomarkers of neurologic and functional outcomes.

-

METHODS: Fifty-two patients were admitted to the
intensive care unit after SCI due to traffic accidents, falls,
and firearm wounds and had blood samples collected
within 48 hours and 7 days after SCI. Thirty-six healthy
subjects with no history of SCI were included as controls.
Neurologic and functional status was evaluated on the
basis of American Spinal Injury Association and Functional
Independence Measure scores over a period of 48 hours
and 6 months after SCI.

-

RESULTS: Serum NSE increased significantly 48 hours
and 7 days after SCI compared with controls, while
interleukin-6 increased only at 48 hours. In contrast, the
neurotrophic growth factor level significantly decreased 48
hours and 7 days after SCI. Serum glial-derived
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Abbreviations and Acronyms
ASIA: American Spinal Injury Association
CSF: Cerebrospinal fluid
FIM: Functional independence measure
GDNF: Glial-derived neurotrophic factor
ICU: Intensive care unit
IL-6: Interleukin-6
NGF: Neurotrophic growth factor
NSE: Neuron-specific enolase

neurotrophic factor level did not differ from control at any
time point. Also, there was no significant difference in
biomarker concentrations between the etiologies of SCI or
the level of spinal injury. There were no correlations
between biomarker levels at 48 hours with neurologic or
functional outcomes 7 days and 6 months after SCI.
CONCLUSIONS: Our results suggest expansive axonal
damage coupled with an acute proinflammatory response
after SCI. However, in our study biomarker concentration
did not correlate with short- or long-term prognosis, such
as survival rate or sensory and motor function.

-

INTRODUCTION

W

orldwide, traumatic spinal cord injury (SCI) is a
devastating health problem leading to motor and
sensory deﬁcits associated with permanent functional
disability and premature death.1 In Brazil, the estimated incidence
is 21 cases per million each year, though these epidemiologic data
are probably underestimated.2
Immediately after SCI, a plethora of reactive responses emerge;
these have been hierarchized on the basis of the time course of
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the proposed cellular mechanistic postinjury events.3,4 Actually,
the primary damage is caused by the mechanical trauma to the
spinal cord, leading to a massive death of neuronal and glial cells
at the site of injury within a time proﬁle of seconds to minutes
after the traumatic event.5 Subsequent expansive secondary spinal
cord damage occurs within minutes to weeks, ultimately leading
to chronic degeneration within months to years after injury.6,7
The persistent intraparenchymal and systemic inﬂammatory
responses that underlie activation and proliferation of resident
microglia and astrocytes, inﬁltration of immune cells, increased
secretion of inﬂammatory cytokines, and deﬁcient neurotrophic
support to damaged axons are among the components implicated
in the acute and chronic pathophysiologic mechanisms that
follow SCI.8,9
Whereas preclinical studies have provided a relevant background for the understanding of the functional roles of cell
typespeciﬁc proteins, neurotrophic factors, and inﬂammatory
cytokines in the pathogenesis of SCI, few studies have been
conducted to unravel whether these molecules may reﬂect clinical
neurologic status.10-14 This is particularly important in the acute
phase post SCI because it is apparently difﬁcult to establish the
degree of injury severity. Also, it is a matter of concern in the
clinical setting how to predict which patients will evolve to
spontaneous recovery of motor function or may experience
permanent disability, as well as those at increased risk of deteriorating to death. These dilemmas provide the background
necessary to search for complementary tools aiming at a reliable
diagnosis and prognosis in the clinical setting. Taking into
consideration this context, the assessment of substances in the
biological ﬂuids emerges as a promising strategy to understand
the course of the alterations in response to SCI and their impact
on clinical outcome.
On the basis of this assumption, studies performed on SCI
patients have demonstrated that the acute increase of cerebrospinal ﬂuid (CSF) neuron-speciﬁc enolase (NSE) concentration
was signiﬁcantly correlated with baseline neurologic impairment
(American Spinal Injury Association [ASIA] scale) being motor
complete or incomplete.13 Also, increased serum NSE level at 24
hours and 48 hours after SCI was a reliable indicator of severity
before computed tomography investigation.14 Similarly, acute
CSF concentrations of several inﬂammatory cytokines including
interleukin-6 (IL-6) were able to reﬂect injury severity and
predict neurologic outcomes.10,11 The clinical usefulness of neurotrophic factors like glial-derived neurotrophic factor (GDNF)
and neurotrophic growth factor (NGF) appears not to have been
assessed thus far in biological ﬂuids of posttraumatic SCI
patients. However, few clinical studies have reported increased
serum GDNF and CSF NGF concentrations in children with spina
biﬁda and myelomeningocele, which are pathologic conditions
associated with spinal cord astrocytosis and axonal loss.15,16
Moreover, the concentration proﬁle of these substances in the
biological ﬂuids may also serve to conciliate clinical neurologic
manifestations with proposed preclinical mechanisms and to
prospect molecular therapeutic targets.3,17-20
In this study we investigated whether serum concentrations of
NSE, interleukin-6, GDNF, and NGF reﬂect the acute phase
responses to different etiologies of SCI and may serve as predictive
biomarkers of neurologic and functional outcomes.
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METHODS
Study Population
This was a prospective cohort study of SCI conducted at the intensive
care unit (ICU) of Cristo Redentor Hospital, located in the city of
Porto Alegre, the capital of the state of Rio Grande do Sul in
southern Brazil. The city has a population of 1,416,735 distributed in
an area of 496.8 km2 and is the fourth highest Human Development
Index capital in the country. In Brazil, one of the largest public
health systems in the world, the Uniﬁed Health System (Sistema
Unico de Saude [SUS]) has an agreement with almost all of the
hospitals. In this network, there are public and private university
hospitals, which guarantee to all citizens the constitutional right of
access to health care. Known as the Porto Alegre Emergency Zone
North Hospital, Cristo Redentor is a referral center serving accident
victims, being the largest in southern Brazil. Cristo Redentor Hospital is a 290-bed trauma care and neurosurgery regional referral
center, and overall approximately 300 patients are referred to the
hospital per day. The ICU functions as a closed unit, with 29 beds
and care provided by physicians in routine practice and on duty and
physiotherapists during the day shift.
On the basis of previous works, and considering an increasing
in blood levels of NSE in patients at least 1.5e3 times, when
compared with controls, we have estimated that the number of
patients that would need to be included in the study would be
between 25 and 45, to achieve a power of 0.8 and a level of
signiﬁcance of 5% (2 sided). Because we had 8e16 patients per
year with isolated SCI injury in previous years, we estimated that a
prospective study of 3 years would be optimal to complete the
needed sample size. Thus all patients (24 hours, aged 18 years)
with isolated traumatic SCI admitted to the ICU during the period
of 2010e2013 were included in this study. During this period, 2657
patients were admitted to our ICU. From these, 2509 patients were
free of SCI and 148 patients had SCI. From these, 96 patients were
excluded due to head trauma or multiple trauma. Fifty-two
patients fulﬁlled inclusion criteria and were enrolled in this
study. They represented the population characteristic of the
patients admitted to our neurotrauma reference hospital. The
majority of patients were young adults with no previous history of
metabolic or neurologic disorders. Exclusion criteria were head
trauma or other traumas not directly associated with the spinal
injury. Thirty-six subjects with no clinical history of SCI or surgery
to the spinal cord were selected in the community as controls.
Control subjects were interviewed by a trained neurologist and
underwent routine laboratory examination to assess their liver,
kidney, and metabolic proﬁle. The exclusion criteria for control
subjects were a previous diagnosis of metabolic diseases, inﬂammatory diseases, or neurologic disorders. Patients had a blood
sample (5 mL) collected by venipuncture into a vacuum tube
within 48 hours and 7 days after SCI injury (see ﬂowchart,
Figure 1). After centrifugation, the serum was divided into aliquots
(300 mL) and stored at 70 C until the time for analysis. The
serum samples of patients and controls were submitted to
similar manipulations and time of storage.
This study was approved by the Research Ethics Committee of
the institution (11-013) and was conducted in accordance with the
provisions of the Declaration of Helsinki. Informed consent was
obtained from all participants’ guardians or caregivers.
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Figure 1. Flowchart of traumatic spinal cord patients
allocated to this study. Fifty-two patients started the

Neurologic Evaluation
The evaluation of patients after trauma was conducted by trained
paramedic and physician who were specialized in trauma, at rescues sites, and during hospital admission. Only patients who had
no conscious impairment during the traumatic event and were
Glasgow 15 during all prehospital and hospital evaluations were
included in this study. In addition, all patients with suspected
head injury underwent computed tomography scan. The patients
whom we had any doubt about having a possible head trauma
associated with SCI, as well as all those with clear conscious
impairment or those with moderate or severe head trauma, were
excluded from this study. Thus only patients who had not suffered
any signiﬁcant head trauma by history, neurologic examination,
and neuroimaging ﬁndings were included in this study.
Neurologic classiﬁcation of spinal cord injury was performed
according to the ASIA guideline, through sensory and motor
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study, and only 16 had paired serum biomarkers
evaluated at 48 hours and 7 days after spinal cord injury.

examination, which evaluates the response to painful and tactile
stimuli in 28 dermatomes, which ranges from normal (2) to decreased
(1) and to the absence of a sensory response (0). The motor examination assesses muscle strength graded from zero (no muscle
contraction) to 5 (high force against manual resistance) in 10 speciﬁc
myotomes, divided into upper and lower limbs bilaterally. The ASIA
motor score also incorporates the Frankel scale, consisting of 5 levels:
complete compromise of sensory and motor function (A); complete
compromise of sensory function and incomplete motor deﬁcit (B),
incomplete compromise of sensory and motor functions remaining
nonfunctional (C); incomplete compromise of sensory and motor
functions, functional (D), and standard motor and sensory function
(E).21 The ASIA scores of the patients were evaluated over a period of
48 hours to 6 months after SCI. We chose 6 months as the end point
because at that time point the majority of patients are still involved in
the hospital’s physiotherapy program.

WORLD NEUROSURGERY, https://doi.org/10.1016/j.wneu.2018.10.206

Downloaded for Maria Paz Lasso Cisneros (mapazlasso@gmail.com) at International University of Ecuador from ClinicalKey.com by Elsevier on July 21, 2019.
For personal use only. No other uses without permission. Copyright ©2019. Elsevier Inc. All rights reserved.

ORIGINAL ARTICLE
MARCELO DE MELLO RIEDER ET AL.

Functional capacity was measured by the Functional Independence Measure (FIM) validated for the Brazilian population, which
measures quantitatively the functional performance of the subjects
in carrying out activities that include self-care, transfers, locomotion, sphincter control, and cognitive abilities. Patients had
FIM score examined at 7 days and 6 months after SCI. A score
ranging from 1 (total dependence) to 7 (complete independence) is
assigned to each task. The FIM score ranges from 18e126, with
the higher value indicating normal functional capacity.22 The
progression of the functional and neurologic outcomes after SCI
was analyzed by comparing data obtained at 7 days and 6
months post injury.
Physical Rehabilitation Program
According to our hospital protocol for SCI (unpublished protocol),
patients should be engaged twice a day in physical therapy
sessions throughout the period of hospitalization. The physical
therapy activities during hospitalization were airway and respiratory management (noninvasive ventilation, deep breathing
exercises, bronchial hygiene); skeletal muscle treatment modalities (body positioning, range of motion/stretching exercises,
endurance exercises); skin management; mobility training (bed
mobility, wheelchair mobility, gait, transfers); strengthening
exercises; and upright work. After discharge, patients were allocated to the Rehabilitation Service, which provided physical,
occupational, and speech therapy; psychologist therapy; and
medical assistance. The patients were allocated to an outpatient
rehabilitation program for a minimum of 6 months, 3 times a
week. Some patients were missed because they started to use
rehabilitation programs near their residences.
Serum Biomarkers
IL-6 level was determined with a commercially available enzymelinked immunosorbent assay Biotrak kit (GE Healthcare Life
Sciences, Pittsburgh, Pennsylvania, USA).23 Also, serum GDNF
and NGF assays were performed using enzyme-linked immunosorbent assay kits (R&D Systems, Minneapolis, Minnesota, USA),
and the ﬁnal concentrations were expressed as picograms/mL
(mean  S.E.M.).24 NSE level was measured using an
electrochemiluminescent assay and fully automated equipment
(Elecsys-2010, Roche Diagnostics, Indianapolis, Indiana, USA).
NSE values are expressed as mg/L (mean  S.E.M.).25 All assays
were carried out in duplicate, and the variation was within 5%.
Statistical Analysis
Continuous variables were analyzed by the Student’s t-test with the
Levene test to assess the equality of variances or by the MannWhitney test, depending on the normality of data distribution
and results are expressed as mean (standard deviation). The
biomarker concentrations of patients and controls were compared
by the Student’s unpaired t-test with Welch’s correction. Correlations between serum biomarkers and other variables were
determined by the Pearson correlation coefﬁcient depending on
data normality. Categoric variables were analyzed by the
chi-square test. All statistical analyses were performed using the
Statistical Package for the Social Science version 20 software (IBM
Corp. 2011) with the level of signiﬁcance set at P < 0.05.
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RESULTS
Patients
Most of the patients enrolled in this study were males (90%; mean
age 35.08 14.54 years). The causes of SCI were lesions provoked
by ﬁrearms in 19 (36.5%), falls in 17 (32.7%), and trafﬁc accidents
in 16 (30.8%). The mean duration of mechanical ventilation was
14.11  17.85 days. The mean permanence in the ICU was 20.06 
20.23 days, and the mortality rate was 19%. Patients with lesions
provoked by ﬁrearms presented more often with thorax lesions
and less commonly needed surgical intervention. Patients with
cervical lesions predominated after falls. Demographic data and
neurologic evaluation (ASIA scores) performed 7 days after SCI are
shown in Table 1.
Serum Biomarker Concentrations After Traumatic Spinal Cord
Injury
Patient serum samples collected 48 hours and 7 days after SCI
were used for biomarker quantiﬁcation. At 48 hours after SCI,
patients showed a signiﬁcant increase in serum NSE concentration
relative to controls (6.91  0.87 vs. 3.56  0.36) (P ¼ 0.0001). Also,
the NSE levels of patients remained signiﬁcantly elevated at 7 days
compared with controls (9.63  1.40) (P ¼ 0.0005) (Figure 2A).
There was a signiﬁcant increase in IL-6 concentration in
patients at 48 hours compared with controls (31.61  5.91 vs. 14.09
 1.14) (P ¼ 0.001), whereas no difference was observed 7 days
after SCI (14.74  5.34, P ¼ 0.82) (Figure 2B).
Serum GDNF levels of patients did not differ signiﬁcantly from
control 48 hours and 7 days after SCI (153.52  21.23 and 189.75 
43.07 vs. 137.43  8.37) (P > 0.05) (Figure 2C). Conversely, serum
NGF levels of patients decreased signiﬁcantly at 48 hours
compared with control (22.19  1.84 vs. 94.74  5.20)
(P ¼ 0.0001). Also, 7 days after SCI, NGF remained signiﬁcantly
decreased (25.21  5.89) compared with control (P ¼ 0.0001)
(Figure 2D).
Of the 52 patients allocated to this study, only 16 underwent
paired serum biomarker evaluation at 48 hours and 7 days after
SCI. Comparisons of biomarker concentrations in this limited
group of patients showed that IL-6 decreased signiﬁcantly 7 days
after SCI (P > 0.01) (Figure 2F). Other comparisons did not show
statistical differences (Figure 2E, G, and H).
Stratiﬁcations of serum biomarkers according to the etiology of
SCI and ASIA scores obtained 7 days post injury are depicted in
Table 2. The serum NSE concentration of patients with lumbar SCI
was signiﬁcantly different from that of patients with thoracic SCI
(P < 0.0001).
Progression of Functional and Neurologic Outcomes Over Time
The FIM and ASIA scores achieved 7 days and 6 months after SCI
are shown in Table 3. Patients improved their FIM scores over time
independent of SCI type. In patients with SCI at the cervical and
thoracic levels, the ASIA motor lower limb score evaluated 6
months post injury was signiﬁcantly improved relative to 7 days
(P < 0.02 and 0.05, respectively). Also, the ASIA motor upper
limb score of patients with cervical injury increased signiﬁcantly
at 6 months relative to 7 days (P < 0.001).
Bivariate correlation analysis showed no statistically signiﬁcant
correlations between serum biomarkers at 48 hours and
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Table 1. Demographic and Clinical Variables Stratified by Etiologies of Spinal Cord Injury

Age (years)*

Firearm (n [ 19)

Fall (n [ 17)

TA (n [ 16)

P

32.10  13.39

36.47  17.11

37.12  13.19

0.540

Hospital stay (days)*

49.79  38.08

33.76  27.33

45.93  34.02

0.347

ICU stay (days)

21.84  18.81

21.23  19.42

16.69  23.40

0.731

Mechanical ventilation (days)

15.53  17.79

15.59  17.85

10.87  17.64

0.692

Men—number (%)

17 (89.5%)

16 (94.1%)

14 (87.5%)

0.801

Survivals

16 (84.2%)

11 (64.7%)

15 (93.8%)

0.095

Cervical

05 (26.3%)

14 (82.4%)

07 (43.8%)

Thorax

8 (42.1%)

03 (17.6%)

09 (56.3%)

Spine level

Lumbar

6 (31.6%)

Surgery

0 (0%)

04 (21.1%)

Frankel A

11 (64.7%)

0 (0%)
13 (81.3%)

14 (73.7%)

11 (64.7%)

08 (50.0%)

0.347

ASIA motor upper limb

40.79  16.28

16.47  18.63

36.56  19.08

<0.001y

ASIA motor lower limb

03.89  12.08

05.18  12.73

09.19  16.36

0.509

ASIA tactile

53.00  22.94

40.77  37.23

60.81  31.16

0.177

ASIA pain

53.00  22.94

40.76  37.23

60.56  31.34

0.184

TA, traffic accidents; ICU, intensive care unit; ASIA, American spinal injury association.
*Values are expressed as mean  standard deviation. ASIA scores performed at 48 hours after spinal cord injury.
yDenotes significant difference between ASIA Motor Upper Limb caused by firearm compared with fall.

Figure 2. Serum biomarkers level after a traumatic spinal cord injury (SCI).
Patient’s neuron-specific enolase (NSE) and interleukin-6 levels were
significantly elevated at 48 hours compared with controls (P ¼ 0.0001 and
P ¼ 0.001, respectively) (A and B). Seven days after the SCI, NSE remained
higher than in controls (P ¼ 0.0005) (A). The glial-derived neurotrophic
factor (GDNF) level displayed a concentration profile similar to control
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subjects (C), while the neurotrophic growth factor (NGF) significantly
decreased at 48 hours and 7 days after SCI (P ¼ 0.0001, for both
comparisons) (D). *Denotes significant difference from controls. From 52
patients allocated to this study, only 16 had paired serum biomarkers
evaluation, at 48 hours and 7 days after SCI (E, F, G and H). GDNF,
glial-derived neurotrophic factor.

WORLD NEUROSURGERY, https://doi.org/10.1016/j.wneu.2018.10.206

Downloaded for Maria Paz Lasso Cisneros (mapazlasso@gmail.com) at International University of Ecuador from ClinicalKey.com by Elsevier on July 21, 2019.
For personal use only. No other uses without permission. Copyright ©2019. Elsevier Inc. All rights reserved.

ORIGINAL ARTICLE
MARCELO DE MELLO RIEDER ET AL.

SERUM BIOMARKERS IN TRAUMATIC SPINAL CORD INJURY

Table 2. Serum Biomarkers Stratified According to Etiology of Spinal Cord Injury and Clinical Variables
NSE (n [ 52)
Mean (SD)

GDNF (n [ 50)
P

Mean (SD)

IL-6 (n [ 36)
P

Mean (SD)

NGF (n [ 50)
P

Mean (SD)

P

Injury type
TA

5.05 (3.07)

Fall

14.30 (13.42)

5.62 (4.51)

Firearm

9.62 (8.55)

37.64 (52.97)

15.63 (18.41)
0.056

16.54 (11.88)

2.31 (1.12)

35.01 (18.99)
0.910

16.55 (09.28)

2.40 (1.95)
0.335

1.96 (0.39)

0.590

Lesion level
Cervical

6.78 (4.56)

13.49 (11.66)

26.15 (17.35)

2.33 (1.71)

Thoracic

4.73 (4.51)

17.24 (18.61)

39.55 (52.36)

2.10 (0.68)

18.42 (14.14)

29.37 (25.87)

2.21 (1.30)

Lumbar

14.75 (11.27)

0.001*

Frankel
Frankel A
Other

6.77 (6.53)
7.15 (5.97)

16.62 (17.03)
0.839

13.49 (09.67)

0.865

12.89 (13.12)

35.74 (41.59)
0.470

23.57 (14.60)

0.896

35.66 (22.25)

1.98 (0.59)
0.317

2.60 (1.95)

0.695

2.04 (0.43)

0.99

Evolution
Survived
Died

6.98 (6.40)
6.60 (6.01)

16.06 (15.08)

30.12 (37.55)

2.26 (1.44)
0.640

NSE, neuron-specific enolase; GDNF, glial-derived neurotrophic factor; IL-6, interleukin-6; NGF, nerve growth factor; SD, standard deviation; SCI, spinal cord injury; TA, traffic accidents.
*Denotes significant difference for NSE between injuries at lumbar compared with thoracic level.

neurologic and functional outcomes 6 months after SCI (Table 4).
Moreover, no signiﬁcant correlation was found between serum
biomarkers at 7 days and neurologic and functional outcomes at
6 months after SCI (data not shown).

DISCUSSION
In this study we showed that serum NSE and IL-6 concentrations
increased within 48 hours after a traumatic SCI compared with
control. However, the acute-phase concentrations of these
candidate biomarkers did not differ between etiologies of traumatic SCI—trafﬁc accidents, falls, and ﬁrearm wounds—and did
not correlate with short- or long-term neurologic and functional
outcomes.
A traumatic injury to the spinal cord triggers acute damage to
neurons and glial cells at the site of injury, as well as persistent
inﬂammatory responses that lead to progressive degeneration of
the surrounding spinal tissue.4,5,8,9 Thus the severity of the initial
injury and degree of cell responses soon after SCI may signiﬁcantly
contribute to the functional and neurologic outcomes over time. In
the clinical setting, the evaluation of injury severity, responses to
therapy, and prediction of functional recovery during the ﬁrst 72
hours after SCI have proven to be a matter of concern.12
Considering these issues, we propose here a neurobiomarker
platform aiming to determine acute phase neurochemical
signatures associated with traumatic SCI and their prognostic
relevance. This platform includes neural cellederived molecules
that might unravel the degree of neuronal damage (NSE) and
proinﬂammatory response (IL-6), as well as the level of trophic
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support exerted by glial cells (GDNF) and neurons (NGF) after
trauma to the spinal cord of different etiologies.
Previous clinical studies have shown that the glial-derived
proteins S100 calcium-binding protein B and glial ﬁbrillary
acidic protein; neuronal-derived proteins NSE, neuroﬁlaments,
and Tau; and inﬂammatory cytokines are the most commonly
studied ﬂuid biomarkers after traumatic SCI,10-14 whereas neurotrophic molecules from glial origin have been less explored in
clinical investigations.15,16 NSE is a glycolytic enzyme mainly
located in the cytoplasm of neurons, which in physiologic conditions is barely released into extracellular ﬂuids. However, after
central nervous system injuries this enzyme leaks from damaged
neurons, thereby increasing CSF and serum concentrations.14,25 In
this study, the increment observed in serum NSE concentrations
48 hours after SCI was consistent with primary neuronal necrosis
caused by the traumatic event followed by leakage of protein from
nearby neurons designated to die. Moreover, we noticed that NSE
concentration, when assessed 7 days after SCI in a small number
of patients (n ¼ 16), remained elevated, implying propagation of
neuronal death. Remarkably, the NSE concentrations in serum
and CSF remained elevated up to 24 hours after a traumatic SCI in
rodents and were correlated with injury grade.26 In contrast,
patients with lumbar disk herniation submitted to surgery
displayed CSF NSE levels similar to control and did not correlate
with clinical or computed tomography ﬁndings.27 Similarly to
our data, Pouw et al14 showed that CSF NSE concentration did
not differ signiﬁcantly between ASIA grades within 24 hours
after a traumatic SCI.13 Also in agreement with our ﬁndings, it
was demonstrated that serum NSE levels were signiﬁcantly
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Table 3. Progression of Functional and Neurologic Scores Stratified by Lesion Level
Cervical (n [ 19)

Thoracic (n [ 15)

Mean (SD)

P

Lumbar (n [ 4)

Mean (SD)

P

Mean (SD)

P

FIM
7 days

48.42 (20.77)

6 months

46.67 (10.44)

86.74 (29.22)

0.001*

79.93 (14.68)

0.001*

48.93 (2.99)

0.02y

7.80 (14.15)

56.50 (5.20)
0.001*

96.75 (15.56)

0.56

50.00 (0.00)

0.05#

13.50 (9.15)

0.03*

ASIA motor upper limb
7 days

16.40 (13.29)

6 months

49.47 (2.07)

31.50 (15.05)

50.00 (0.00)
NC

ASIA motor lower limb
7 days

13.25 (18.07)

6 months

0.00 (0.00)

18.05 (21.39)

1.00 (2.00)
0.07y

ASIA tactile
7 days

57.40 (35.54)

6 months

53.40 (21.84)

63.35 (31.32)

0.36

72.50 (22.29)

55.80 (14.51)

0.61

74.75 (20.12)

0.82

ASIA pain
7 days

57.20 (35.64)

6 months

53.40 (21.84)

62.85 (32.37)

0.34

72.50 (22.29)

55.80 (14.51)

0.61

74.75 (20.12)

0.82

SD, standard deviation; FIM, functional independence measure; ASIA, American Spinal Injury Association; NC, not calculated.
*Denotes significant difference between 7 days and 6 months after spinal cord injury (Student’s paired t-test).
yDenotes significant difference between 48 hours and 6 months.

increased between 24 and 48 hours in SCI patients relative to
controls and did not reﬂect injury severity according to the ASIA
scores.14 Therefore although NSE levels in the CSF and serum
show sensitivity in reﬂecting axonal injury due to traumatic
impact to the spinal cord, their prognostic signiﬁcance still
needs validation.28

A critical mechanistic aspect associated with SCI is the
inﬂammatory response. Actually, an inefﬁcient or maladaptive
inﬂammatory response is likely to occur after a traumatic SCI,
leading to propagation of the spinal damage and Wallerian
degeneration.29 Thus the balance between beneﬁcial versus
injurious potential of inﬂammation ultimately contributes to the

Table 4. Correlations Between Biomarkers at 48 Hours and Clinical Neurologic Variables 6 Months After Traumatic Spinal Cord Injury
NSE (n [ 52)

Age (years)

GDNF (n [ 50)

IL-6 (n [ 36)

NGF (n [ 50)

r

P

r

P

r

P

r

P

0.37

0.16

0.56

0.14

0.15

0.58

0.16

0.53

Hospital stay (days)

0.35

0.19

0.43

0.27

0.16

0.58

0.19

0.47

ICU stay (days)

0.10

0.71

0.33

0.42

0.31

0.28

0.23

0.37

Days of MV

0.38

0.16

0.29

0.48

0.29

0.31

0.23

0.39

ASIA motor upper limb

0.13

0.63

0.32

0.42

0.21

0.46

0.25

0.34

ASIA motor lower limb

0.09

0.74

n.c.

n.c.

0.39

0.16

0.06

0.82

ASIA tactile

0.18

0.50

0.43

0.28

0.12

0.65

0.13

0.62

ASIA pain

0.18

0.50

0.43

0.28

0.12

0.65

0.13

0.62

FIM

0.21

0.47

0.13

0.79

0.17

0.58

0.21

0.45

ICU, intensive care unit; MV, mechanical ventilation; n.c., not calculated; ASIA, American Spinal Injury Association; FIM, functional independence measure.
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clinical outcome.17 Taking advantage of this principle, Kwon
et al11 in 2010 developed a biochemical modeling strategy that
was able to predict injury severity, neurologic outcomes, and
functional recovery. Recently, the same authors also showed that
CSF concentrations of IL-6 and IL-8 at 24 hours after SCI were
signiﬁcantly different in patients with improved ASIA scores 6
months after SCI compared with those with no improvement.
Moreover, acute concentrations of these inﬂammatory cytokines
strongly correlated with 6-month motor score improvement.10
Although, in agreement with Kwon et al,11 we observed that
serum IL-6 concentration showed a rapid and robust increase up
to 48 hours after SCI, suggesting an acute-phase proinﬂammatory
response, we detected no associations with short- or long-term
clinical, neurologic, and functional scores.
Experimental studies highlight the beneﬁts of trophic factors
including GDNF and NGF for synaptic plasticity, survival of neurons, and axonal regeneration after SCI. Actually, it seems that
transect axons are conducted through a restorative pathway under
the inﬂuence of local levels of neurotrophic and gliotrophic factors.30 On the basis of these mechanistic principles, the levels of
neurotrophic molecules have been explored as a therapeutic
strategy and also as proxy biomarkers of restorative mechanisms
and functional outcomes.29,30,31 We found that serum GDNF
concentration was not sensitive to indicate acute-phase injury after
SCI, while the concentration proﬁle of NGF was intriguing. In
contrast to our expectations, serum NGF levels were decreased 48
hours and 7 days after SCI, and no signiﬁcant correlation was found
with neurologic outcomes. We conjecture that such suppression of
neurotrophic support is likely to contribute to the sustained
neuronal death, which was characterized by the elevated NSE after
SCI. Though marginally conclusive, a signiﬁcant correlation was
detected between NGF 48 hours and NSE 7 days after SCI (r2 ¼ 0.
64, P ¼ 0.009, data not shown in the results section). However,
considering the preliminary nature of this study and small sample
size, this interpretation needs additional conﬁrmatory studies.
Our study has limitations, and we recognize it. First, there are
several patients with ﬁrearm SCI. Unfortunately, associated with
socioeconomic crisis in Brazil, large urban Brazilian populations
are becoming increasingly violent. This aspect explains the higher
number of patients with SCI due to ﬁrearms observed in our
cohort. The ﬁrearm SCI group has shown biomarkers levels not
different from other patients. However, the speciﬁc characteristic
of this group of patients might have impact in the prognosis and
outcome of our cohort, and this is a limitation of our study that
needs to be recognized. Second, despite our effort to include only
patients with isolated SCI, we recognize that patients with mild
head trauma may have also been included in this study and this is
a possible limitation of our work. Finally, in traumatic SCI, the
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