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KEYWORDS Abstract Severe head injuries have a great socioeconomic and public health impact. Despite
Biomarkers; progress in diagnosis and treatment, no sufficiently reliable predictive models have been estab-
Serum; lished for developing clinical trials and promoting effective therapeutic strategies capable of
Brain injury; improving the prognosis. In the last decades, several brain damage biomarkers have been stud-
Head trauma ied as potential diagnostic and prognostic tools in traumatic brain injury. However, all of them

have limitations that preclude their universalized application. The properties of the known
biomarkers - both those traditionally shown to correlate with severity and prognosis, and those
recently announced as promising options - should be analyzed. New studies are needed to
define their properties, both isolatedly and in combined use.
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PALABRAS CLAVE Utilidad de los biomarcadores en el pronéstico del traumatismo craneoencefalico
Biomarcadores; grave

Suero;

Lesion cerebral; Resumen El traumatismo craneoencefalico grave es una entidad clinica con gran repercusion
Trauma craneal en términos socioeconémicos y de salud pUblica. Pese a los avances obtenidos en el ambito del

diagnostico y tratamiento, no se han consolidado modelos predictivos suficientemente fiables
que permitan desarrollar ensayos clinicos e impulsen estrategias terapéuticas efectivas que
mejoren su pronostico. En este sentido, durante las Ultimas décadas se han estudiado diversos
biomarcadores de lesion cerebral con el fin de establecerlos como herramientas diagnosticas
y pronosticas de la lesion traumatica cerebral. Sin embargo, todos ellos presentan alguna
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limitacion que impide su aplicacion universalizada. Es necesario analizar las propiedades de
los biomarcadores conocidos hasta la fecha, tanto los que tradicionalmente han demostrado
correlacion con la gravedad y prondstico como aquellos que recientemente se anuncian pro-
metedores. Para ello, convendria disefiar nuevos estudios que definan sus propiedades de forma
aislada y que diluciden el papel de su uso combinado.

© 2015 Publicado por Elsevier Espana, S.L.U.

Introduction

Severe traumatic brain injury (TBI) remains an important
public health problem, due to the large percentage of unfa-
vorable outcomes involved (death and disabling sequelae)
and the great associated treatment costs, compensations,
disability pensions and years of work lost in affected indi-
viduals fundamentally belonging to the active population. -

Although TBI is an extremely complex condition,® there
have been many advances in recent years in relation to
the diagnosis, monitoring and treatment of the affected
patients.*> However, given the heterogeneity of severe TBI,
there are still important shortcomings in our knowledge of
the physiopathology of TBI and the development of reliable
predictive models capable of offering an early orientation as
to the patient outcome, with the purpose of improving the
diagnostic and therapeutic strategies on an individualized
basis. Likewise, we need valid predictive models in severe
TBI in order to define efficacy endpoints in the evaluation of
new drugs or treatment strategies-since the usual primary
endpoints (death and disability) are widely recognized as
being inadequate and could explain the discouraging results
obtained with certain promising drugs.®

Considering the above, and in the same way as in
other disease processes, such as ischemic heart disease,
research is carried out to identify biological markers that
could offer a more precise indication of the extent and
severity of TBI, independently of the prior biological sub-
strate and of other circumstances that accompany severe
TBI-thereby contributing to homogeneously define different
patient categories. Such markers would not only facilitate
individualization of the intensity and timing of patient man-
agement but could also contribute to the development of
strategies for preventing the consolidation of injury and
enhancing neuroprotective effects capable of avoiding or
minimizing secondary damage.

The present study offers a critical review of the main
brain damage biomarkers studied till date.

Brain damage biomarkers

A biomarker is defined as a quantifiable biological indicator
specific of a given physiological or pathological condition.
Vos concluded that the use of biomarkers contributes to
improve knowledge of the physiopathology of brain dam-
age, affording essential complementary information for the
diagnosis and for predicting the outcome of these patients.”

However, the definition of a brain damage marker must
establish differentiations with respect to other alterations,
since the central nervous system (CNS) is very complex
and can present a range of different lesions, which in turn
can affect different target cells with variable degrees of
severity. Furthermore, the existence of the blood-brain bar-
rier (BBB) conditions the structural characteristics of these
biomarkers, which must be able to cross the mentioned bar-
rier in order to reach the bloodstream.

Over 20 years ago, the ideal TBI biomarker was defined as
an indicator with high specificity and sensitivity for the brain
tissue, with release occurring only after irreversible brain
tissue damage, and with rapid appearance in both cere-
brospinal fluid (CSF) and blood after damage. The marker
moreover must reflect the extent and severity of the dam-
age, following a known time course. In turn, the marker
variations between age and gender groups must be mini-
mal. On the other hand, the tools for analysis and immediate
detection of the marker must be available and reproducible.
Lastly, and most importantly, determination of the marker
must be clinically relevant. It should be underscored that
biomarkers are dynamic elements that experience changes
in response to different inflammatory states, tissue necrosis
phenomena and damage caused by oxidative stress.? Serial
measurements rather than isolated or point determinations
are thus required in order for the collected data to be of
practical significance.

On the other hand, there is some controversy regarding
the type of biological fluid that should be analyzed. Direct
sampling of the damaged brain tissue or of brain tissue at
risk is not plausible, though it would be the only source
of biomarkers affording unequivocal and direct information
on the changes occurring after severe TBI. The rest of the
determinations are conditioned to the mechanism underly-
ing biomarker release (passive or active), the crossing of
membranes and barriers (cell membrane, BBB, etc.), and
dilution phenomena once the systemic compartment has
been reached.? In this regard, techniques such as microdial-
ysis can be used to determine metabolites and biomarkers
corresponding to the cerebral interstitial compartment or
space.’ On the other hand, the CSF compartment is located
closer to the damage site; measurements at this level are
therefore not conditioned by integrity of the BBB. How-
ever, the collection of CSF samples involves problems in
terms of accessibility and availability, with the need for inva-
sive maneuvers which are often contraindicated in patients
with severe TBI. As a result, most biomarkers are studied in
peripheral blood, since the technique in this case is simple,
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accessible and reproducible. In view of the above, a brain
damage biomarker that is released into the bloodstream
is the most appropriate option for performing simple and
minimally invasive serial measurements. In turn, it is also
interesting to study the determination of biomarkers in flu-
ids that serve as vehicles for their clearance, for example
urine'® (see Fig. 1).

A description is provided below of the main brain dam-
age biomarkers, the tissues in which they originate, the
compartment in which samples are collected to determine
them, their pathological serum concentrations, and their
main prognostic features (Table 1).

Tau protein

Tau protein is an axonal cytoskeleton-stabilizing protein
that conforms tubular junctions, structural elements of the
cytoskeleton and elements that are crucial for neuronal pro-
tein flow. There are 6 different tau protein isomers, and the
action of proteases induced as a result of trauma results
in the release of tau protein fragments into the serum and
into the CSF in cleaved tau (c-tau) form, which has a molec-
ular weight of 30-50kDa."" Studies in humans have shown
the c-tau levels in CSF to increase in the first 24h after
severe TBI. Zemlan et al. correlated c-tau to the devel-
opment of intracranial hypertension (ICH) and to patient
functional outcome over the short term.'? Other studies
have associated the c-tau concentration in CSF to the initial
radiological findings and to patient functional outcome after
one year (Glasgow Outcome Scale-extended).” However,
the practical role of this molecule has not been fully estab-
lished, since the significant results have been obtained from

Potential sources where the brain damage biomarkers can be determined.

measurements made in CSF samples-with the logistic diffi-
culties its involves.

Amyloid beta-protein

Amyloid precursor protein takes part in cell adhesion pro-
cesses. High concentrations of this protein are therefore
found at neuronal synaptic junction level. Its precursor form
is the target of a certain type of caspase that breaks it
down into a series of products. The latter in turn accu-
mulate on cell bodies (somas) and axons as part of a
phenomenon that intervenes in certain neurodegenerative
disorders such as Alzheimer’s disease, Creutzfeldt-Jakob
disease or amyotrophic lateral sclerosis." A study of
29 patients with severe TBI revealed low levels of this pro-
tein in CSF, and concluded that this could be explained
by reabsorption of the protein in the form of amyloid
plaques.’ In contraposition to the above, Emmerling et al.
recorded increased levels in CSF after trauma, and sug-
gested that this could be a result of secondary axonal
damage or loss of integrity of the BBB.'® These contra-
dictory findings, which may be related to the different
CSF sampling methods used (lumbar, ventricular, etc.),
have caused amyloid beta-protein to be regarded as a
scantly reproducible biomarker, and its potential role is not
clear.

Basic myelin protein

With a molecular weight of 18.5kDa, basic myelin protein
is found at oligodendroglial level, and is a myelin-
specific protein that is released into the bloodstream in
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Table 1

Principal biomarkers of central nervous system damage.

Biomarker Origin in CNS

Determination

Pathological
plasma range

Prognostic
usefulness

Tau protein Neurons, glia CSF
Amyloid
beta-protein
Basic myelin
protein
CK-BB

Neurons, glia CSF
Oligodendrocytes
Astrocytes

NSE Neurons

GFAP Glia

S100B Astrocytes

HCU-L1 Neurons

SBDP Neurons CSF

Neurofilaments Neurons/glia

Blood/CSF

Blood/CSF

Blood/CSF

Blood/CSF

Blood/CSF

Blood/CSF

Blood/CSF

- CT findings

ICH
- Inconclusive

Sampling difficulty
>0.3 ng/ml Limited sensitivity
>3 pg/l Limited sensitivity
Limited specificity
>12.5 pg/l GCS
CT findings
ICH
Functional outcome
Mortality
CT findings
Need for surgery
Functional outcome
Mortality
CT findings
Need for surgery
ICH
DAI

>0.033 pg/l

>0.1pg/l

Mortality

Brain death?

CT findings

Need for surgery

= CT findings
Functional outcome
Mortality

= Functional outcome

>1ng/ml

CK-BB: cerebral creatine kinase isoenzyme; GCS: Glasgow Coma Score; GFAP: glial fibrillary acidic protein; HCU-L1: ubiquitin carboxy-
terminal hydrolase L1; ICH: intracranial hypertension; DAI: diffuse axonal injury; CSF: cerebrospinal fluid; NSE: neurospecific enolase;
SBDP: spectrin degradation products; CNS: central nervous system; S100B: S100 beta-protein; CT: computed tomography.

situations of brain damage and demyelinating diseases.'”
With regard to its usefulness in TBI, some studies have
correlated the serum levels of this protein to patient sever-
ity and outcome. However, the existing publications in
this respect are few and old, with small sample sizes,
and with results that reflect high specificity but limited
sensitivity. '8

Cerebral creatine kinase isoenzyme

There are three creatine kinase isoforms: muscular, cardiac
and brain tissue-specific creatine kinase. The latter, with
a molecular weight of 40-53kDa, is found in astrocytes,
though it has also been identified in intestinal, prostatic,
uterine and vascular tissues. A peak in serum cerebral crea-
tine kinase concentration is observed in the first few hours
after severe TBI. The levels then gradually decrease, except
in individuals with potentially serious injuries, where the
marker remains high for days.'” Serum cerebral creatine
kinase has low sensitivity and specificity-this being the main
factor limiting its routine use as a biomarker."”

Neurospecific enolase

Neurospecific enolase (NSE) is a glycolytic enzyme with a
molecular weight of 78 kDa and a half-life of 48 h.?° Its y-v
isoform is specific of neuronal tissue, while the a-v isoform
is found in endocrine cells, erythrocytes and platelets.?' The
normal concentration in blood is <10ng/ml."”?? Increased
levels of NSE have been recorded in the serum of patients
following non-traumatic brain damage such as ischemic
events, intracerebral hemorrhage or cardiopulmonary resus-
citation maneuvering with secondary cerebral hypoxia.?
Experimental models of trauma have correlated serum NSE
to the severity of damage in TBI.?* We developed a murine
model of mass-type injury in which a linear release of NSE
was observed after the controlled induction of intracranial
hypertension.?” In relation to clinical studies, an inverse
correlation has been described between the plasma NSE
concentration and the Glasgow Coma Score (GCS). On the
other hand, NSE has been associated to the initial radiologi-
cal findings, and has been proposed as a potent predictor of
poor outcome and mortality.??” Some studies have related
this biomarker to the development of diffuse axonal injury
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(DAIl), though its behavior in humans in the presence of
intracranial hypertension has not been clearly established.?®

Neurospecific enolase was initially suggested to be a very
promising TBI severity marker, since it is more specific of
neuronal tissue than of glial cells. However, the results pub-
lished till date have been contradictory-some studies having
reported no correlation to the clinical prognosis of patients
with severe TBI.?’ On the other hand, the long half-life of
NSE questions its applicability in monitoring the time course
of progressing brain injuries, as well as its usefulness in val-
idating treatment efficacy. Although initially considered to
be specific of the nervous system, its extracranial origin has
subsequently been demonstrated in processes such as hem-
orrhagic shock, long bone fracture, hemolysis, heart surgery,
ischemia-reperfusion injury and malignant lung tumors. This
situation implies limitations in interpreting the levels of the
marker.>® At present, NSE has become established as a neo-
plastic disease biomarker in the clinical setting."

Glial fibrillary acidic protein

Glial fibrillary acidic protein is derived from astrocytic tis-
sue, and is characterized by brain-specific expression and
release. This defines it as an exclusive biomarker of brain
damage in different situations: trauma, ischemic events and
in certain neurodegenerative processes.*” It is a monomeric
protein with a molecular weight of 52kDa, and enters
the bloodstream after crossing the BBB following brain
injury-exhibiting an early plasma peak on the first day.*
The blood levels then decrease gradually over the first
week, from day three post-injury. Plasma concentrations
>0.033 ug/l are regarded as pathological.®> Missler et al.
were the first to propose the possible use of glial fib-
rillary acidic protein as an identifier of brain damage in
serial serum measurements.** Later studies confirmed that
the serum concentration of this protein is not conditioned
by extracranial injuries.** Glial fibrillary acidic protein has
been correlated to a poor outcome in the acute phase of
severe TBI, radiological lesions evidenced by tomographic
scans, the need for urgent neurosurgery, long-term func-
tional outcome, and patient mortality.3*3” All these features
suggest that glial fibrillary acidic protein might be an ideal
biomarker of brain damage-though multicenter studies are
needed to confirm this possibility.

$100 beta-protein

S$100 beta-protein (5100B) is the most widely studied brain
damage biomarker. It is a low molecular weight (20kDa)
calcium binding protein, with three subtypes derived
from dimeric combinations of the « and B chains. The
beta-subtype comprises the B chain in ap heterodimer or
BB homodimer combination, with a molecular weight of
10-12 kDa, and is synthesized in the astrocytes of the central
nervous system and in the Schwann cells of the peripheral
nerves.*® The biological function of this protein has not been
fully established till date, though it is known to participate
in neurogenesis, astrocytosis, axonal elongation, signal
transduction through the inhibition of phosphorylation
proteins, the regulation of enzyme activity, calcium home-
ostasis, interaction with cytoskeletal elements (regulating

cell morphology), and in protecting mechanisms against
cell oxidation damage.>*° At low concentrations in the
extracellular compartment, $S100 beta-protein favors cell
differentiation and growth, while at high concentrations
it induces apoptotic phenomena.’®* On the other hand,
the molecule can be produced and found outside the
central nervous system, e.g., in adipocytes, chondrocytes,
melanocytes and hematopoietic cells.”* Metabolization
takes place in the kidneys, followed by excretion in urine,
with an approximate half-life of 30-113min, and is not
affected by hemolytic phenomena.* The maximum serum
concentration is reached 20min after brain damage, i.e.,
the marker is detectable practically from the time of patient
admission to hospital.? The upper limit of normal for this
protein in relation to the detection of intracranial damage
was defined as 0.1 ug/l by Biberthaler et al., based on a
multicenter study in patients with mild TBI.“> On examining
the information from other studies, plasma levels of over
0.13-0.20 pg/! can be regarded as pathological.* The mea-
surement of $100 beta-protein can be influenced by patient
age and gender in CSF samples but not in serum samples-a
fact that confers an added advantage to the latter type of
sample.®

Experimental models have demonstrated the usefulness
of $100 beta-protein as a marker of brain damage.?*
With regard to its clinical usefulness, its behavior has been
described in acute neurological processes such as ischemic
stroke and hemorrhagic stroke, as well as in other situa-
tions where secondary brain involvement can be observed,
such as during heart surgery or spontaneous aneurysmal
rupture.

In relation to severe TBI, the serum levels of the pro-
tein have been associated to clinical severity, radiological
severity, and an unfavorable outcome.®* Some studies
have determined its usefulness as a predictor of mortality,
establishing orientative serum cutoff points for predicting
a course leading to death or an unfavorable outcome.“® On
the other hand, S100 beta-protein has been correlated to
the presence of secondary lesions, the extent of diffuse
brain damage, and to modifications in intracranial pressure
following different release patterns.*® Another possible
application of this protein refers to its time course accord-
ing to the severity of the patient condition. In this respect,
a number of studies have documented persistently ele-
vated serum levels in patients who do not survive, while
the plasma levels have been seen to decrease after 36h
among survivors.*® Likewise, the appearance of secondary
serum S$100 beta-protein peaks after the initial peak has
been described in patients with a negative outcome.* In
relation to the above, there is some controversy regarding
the role of the BBB, since changes in barrier permeabil-
ity secondary to TBI could explain protein release patterns
according to the time course; accordingly, traumatic loss of
BBB integrity is not the only implicated physiopathological
mechanism.® On the other hand, $100 beta-protein has been
suggested as a tool for monitoring management efficacy,
since it has been seen that the blood concentrations of the
protein decrease after effective neurosurgical treatment.*
Other studies have obtained interesting results in terms of
the long-term functional outcome.?®’

In our experience, S100 beta-protein has demonstrated
its usefulness in identifying patients with intracerebral
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lesions on the computed tomography scan and good initial
neurological grading,* and has afforded relevant results in
terms of the long-term prognosis of patients with severe
TBI.%? In a recent study we established a plasma cutoff point
in the first 6 h after brain damage capable of predicting mor-
tality with a sensitivity of 90%. In addition, we defined a
cutoff point in urine samples, though of lesser significance
than in the case of blood samples.'° Lastly, we have obtained
new data in patients with severe TBI that evolved toward
brain death,* in a study that may represent an important
preliminary step toward future lines of research designed to
develop early and effective management strategies, as well
as to screen for potential organ donors.

Despite its high sensitivity and negative predictive value,
S100 beta-protein is not a specific marker of the cen-
tral nervous system. In this regard, it must be mentioned
that polytraumatized patients without TBI can present S100
beta-protein elevations in blood, though the concentrations
return to normal within 6h after trauma.> On the other
hand, patients with brain damage and associated extracra-
nial injuries often present a series of physiopathological
circumstances upon admission (hypotension, hypothermia,
coagulopathy, inotropic drugs, sedatives, corticosteroids,
etc.) that can alter the early assessment of $100 beta-
protein, since secondary brain damage also would be
progressing. Therefore, early determination of this protein
is to be avoided in patients with extracranial injuries asso-
ciated to TBI.>?

New biomarkers of interest
Ubiquitin carboxy-terminal hydrolase L1

Ubiquitin carboxy-terminal hydrolase L1 is a protein of neu-
ronal origin representing approximately 5% of all the soluble
brain proteins. It isimplicated in the elimination of degraded
and denaturalized proteins following oxidative phenomena.
At present, some studies point to it as a promising brain dam-
age biomarker, since there are data indicating that it is able
to predict the presence of lesions on the computed tomo-
graphy scan, the need for neurosurgery, and the outcome
of patients with TBI.>®> Mondello et al. have obtained inter-
esting results regarding its possible capacity to distinguish
between local and diffuse brain damage.’® Furthermore,
ubiquitin carboxy-terminal hydrolase L1 can be detected in
blood, with early increases in its serum concentration fol-
lowing brain injury. The marker can be determined during
approximately 168 h, though in cases of increased severity or
the development of secondary lesions the levels remain ele-
vated for longer periods of time.>> For the time being, most
of the available information comes from a single research
group, and considering the relevance of the results, further
investigations are needed to corroborate the properties of
this protein as a biomarker of brain damage.

Spectrin degradation products

Spectrin is a structural protein and a principal component of
the cortical cytoskeleton of red blood cells. It is composed
of two « and two B chains. Spectrin can undergo proteolysis
mediated by calpain and caspase-3, which trigger necrotic

and apoptotic processes, respectively.’’ The presence of
degradation products of spectrin has been described n the
central nervous system in axons and presynaptic neuronal
endings. Different authors have demonstrated an increase in
spectrin degradation products determined in CSF in the con-
text of TBl-underscoring its role as a predictor of severity
and mortality in patients of this kind.>®

Neurofilaments

The light neurofilaments (68 kDa) form part of the axonal
cytoskeleton. In the case of axon damage, these proteins
are released into both CSF and the bloodstream. A num-
ber of investigational studies have underscored the role of
neurofilaments as biomarkers of axon damage and neurolog-
ical disability in neurodegenerative and neuroinflammatory
diseases.>® With regard to their role in TBI, an increase in
the concentration of these proteins has been described as
a consequence of axon damage, and has been correlated to
patient outcome.®’

Conclusions

Since all brain damage biomarkers have some limitation pre-
cluding their universal application in the management of
severe TBI, they do not yet form part of routine clinical
practice. Some markers, such as NSE and 5100 beta-protein,
have shown good correlations to clinical severity, the extent
of brain damage, response to treatment, and patient out-
come. However, the limitations associated to clinical yield
of the molecule or invasiveness of the technique required to
obtain the sample have not allowed their generalized use in
this patient population.

On the other hand, further studies are needed to under-
stand the role of these proteins in the physiology of the
central nervous system and in the physiopathology of severe
TBI, as well as to clarify the usefulness of those biomarkers
that appear to be promising in this field. In this respect,
mention must be made of nervous tissue-specific glial fibril-
lary acidic protein, as well as of other biomarkers that are
currently the focus of interest, such as ubiquitin carboxy-
terminal hydrolase L1, the light neurofilaments and spectrin
degradation products. Since these molecules offer isolated
information on some of the many elements implicated in
the physiopathology of TBI, we believe that the best strat-
egy is to analyze them in combination. Rather than seeking
a biomarker exclusive of brain damage, this approach would
allow us to define a panel of biomarkers which jointly
- and considering the characteristics inherent to each
of them-could offer information referred to severity, the
potential benefits of management, and the evolutive course
of patients following severe TBI. Only in this way can we
hope to complement the traditional methods with a tool
that is simple, noninvasive, reproducible and extraordinarily
useful for addressing and managing severe TBI.

Financial support

None.



Usefulness of biomarkers in the prognosis of severe head injuries

111

Conflicts of interest

The authors declare that they have no conflicts of interest.

References

. Marin-Caballos

. Egea-Guerrero JJ,

. Rodriguez-Rodriguez A, Egea-Guerrero JJ,

. Norton R, Kobusingye O. Injuries. N Engl J Med. 2013;2:

1723-30.

. Alberdi F, Garcia I, Atutxa L, Zabarte M, Grupo de Trabajo

de Trauma y Neurointensivismo de SEMICYUC. Epidemiology of
severe trauma. Med Intensiva. 2014;8:580-8.

. Rodriguez-Rodriguez A, Egea-Guerrero JJ, Murillo-Cabezas F,

Carrillo-Vico A. Oxidative stress in traumatic brain injury. Curr
Med Chem. 2014;21:1201-11.

AJ, Murillo-Cabezas F, Dominguez-Roldan
JM, Leal-Noval SR, Rincon-Ferrari MD, Mufoz-Sanchez MA.
Monitoring of tissue oxygen pressure (PtiO2) in cerebral
hypoxia: diagnostic and therapeutic approach. Med Intensiva.
2008;32:81-90.

Gordillo-Escobar E, Revuelto-Rey J,
Enamorado-Enamorado J, Vilches-Arenas A, Pacheco-Sanchez
M, et al. Clinical variables and neuromonitoring information
(intracranial pressure and brain tissue oxygenation) as predic-
tors of brain-death development after severe traumatic brain
injury. Transplant Proc. 2012;44:2050-2.

. Tolias CM, Bullock MR. Critical appraisal of neuroprotec-

tion trials in head injury: what have we learned? NeuroRx.
2004;1:71-9.

. Vos PE. Biomarkers of focal and diffuse traumatic brain injury.

Crit Care. 2011;15:183.

. Marchi N, Cavaglia M, Fazio V, Bhudia S, Hallene K, Janigro D.

Peripheral markers of blood-brain barrier damage. Clin Chim
Acta. 2004;342:1-12.

. Revuelto-Rey J, Egea-Guerrero JJ, Muiioz-Sanchez MA, Murillo-

Cabezas F. Cerebral microdialysis in the current clinical setting.
Med Intensiva. 2012;36:213-9.

Leon-Justel A,
Gordillo-Escobar E, Revuelto-Rey J, Vilches-Arenas A, et al. Role
of S100B protein in urine and serum as an early predictor of mor-
tality after severe traumatic brain injury in adults. Clin Chim
Acta. 2012;414:228-33.

. Fasulo L, Ugolini G, Visintin M, Bradbury A, Brancolini C, Verzillo

V, et al. The neuronal microtubule-associated protein tau is a
substrate for caspase-3 and an effector of apoptosis. J Neu-
rochem. 2000;75:624-33.

. Zemlan FP, Jauch EC, Mulchahey JJ, Gabbita SP, Rosen-

berg WS, Speciale SG, et al. C-tau biomarker of neuronal
damage in severe brain injured patients: association with ele-
vated intracranial pressure and clinical outcome. Brain Res.
2002;947:131-9.

. Ost M, Nylén K, Csajbok L, Ohrfelt AO, Tullberg M, Wikkelso

C, et al. Initial CSF total tau correlates with 1-year out-
come in patients with traumatic brain injury. Neurology.
2006;67:1600-4.

. Blennow K, Mattsson N, Scholl M, Hansson O, Zetterberg H. Amy-

loid biomarkers in Alzheimer’s disease. Trends Pharmacol Sci.
2015;36:297-309.

. Kay AD, Petzold A, Kerr M, Keir G, Thompson E, Nicoll JA.

Alterations in cerebrospinal fluid apolipoprotein E and amy-
loid beta-protein after traumatic brain injury. J Neurotrauma.
2003;20:943-52.

. Emmerling MR, Morganti-Kossmann MC, Kossmann T, Stahel PF,

Watson MD, Evans LM, et al. Traumatic brain injury elevates
the Alzheimer’s amyloid peptide A beta 42 in human CSF. A
possible role for the nerve cell injury. Ann N Y Acad Sci.
2000;903:118-22.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

. Ingebrigtsen T, Romner B. Biochemical serum markers of trau-
matic brain injury. J Trauma. 2002;52:798-808.

. Yamazaki Y, Yada K, Morii S, Kitahara T, Ohwada T. Diagnostic
significance of serum neuron-specific enolase and myelin basic
protein assay in patients with acute head injury. Surg Neurol.
1995;43:267-71.

. Phillips JP, Jones HM, Hitchcock R, Adama N, Thompson RJ.

Radioimmunoassay of serum creatine kinase BB as index of brain

damage after head injury. BMJ. 1980;281:777-9.

McAleese SM, Dunbar B, Fothergill JE, Hinks LJ, Day IN. Com-

plete amino acid sequence of the neurone-specific gamma

isozyme of enolase (NSE) from human brain and compari-
son with the non-neuronal alpha form (NNE). Eur J Biochem.
1988;178:413-7.

Day IN, Thompson RJ. Levels of immunoreactive aldolase C,

creatine kinase-BB, neuronal and non-neuronal enolase, and 14-

3-3 protein in circulating human blood cells. Clin Chim Acta.

1984;136:219-28.

Nygaard @, Langbakk B, Romner B. Neuron-specific enolase con-

centrations in serum and cerebrospinal fluid in patients with

no previous history of neurological disorder. Scand J Clin Lab

Invest. 1998;58:153-86.

Meynaar IA, Oudemans-van Straaten HM, van der Wetering J,

Verlooy P, Slaats EH, Bosman RJ, et al. Serum neuron-specific

enolase predicts outcome in post-anoxic coma: a prospective

cohort study. Intensive Care Med. 2003;29:189-95.

Woertgen C, Rothoerl RD, Brawanski A. Neuron-specific enolase

serum levels after controlled cortical impact injury in the rat.

J Neurotrauma. 2001;18:569-73.

Egea-Guerrero JJ, Murillo-Cabezas F, Rodriguez-Rodriguez A,

Gordillo-Escobar E, Revuelto-Rey J, Mufoz-Sanchez MA, et al.

An experimental model of mass-type brain damage in the rat:

expression of brain damage based on neurospecific enolase and

protein S100B. Med Intensiva. 2014;38:218-25.

Vos PE, Lamers KJ, Hendriks JC, van Haaren M, Beems T,

Zimmerman C, et al. Glial and neuronal proteins in serum pre-

dict outcome after severe traumatic brain injury. Neurology.

2004;62:1303-10.

Guzel A, Er U, Tatli M, Aluclu U, Ozkan U, Duzenli, et al. Serum

neuron-specific enolase as a predictor of short-term outcome

and its correlation with Glasgow Coma Scale in traumatic brain
injury. Neurosurg Rev. 2008;31:439-44.

Chabok SY, Moghadam AD, Saneei Z, Amlashi FG, Leili EK, Amiri

ZM. Neuron-specific enolase and S100BB as outcome predic-

tors in severe diffuse axonal injury. J Trauma Acute Care Surg.

2012;72:1654-7.

Raabe A, Grolms C, Keller M, Dohnert J, Sorge O, Seifert V.

Correlation of computed tomography findings and serum brain

damage markers following severe head injury. Acta Neurochir

(Wien). 1998;140:787-91.

Geisen U, Benk C, Beyersdorf F, Klemm R, Trummer G, Ozbek B,

et al. Neuron-specific enolase correlates to laboratory markers

of haemolysis in patients on long-term circulatory support. Eur

J Cardiothorac Surg. 2015;48:416-20.

Takamura S, Teraki Y. Case of clear cell sarcoma in the left but-

tock in which serum neuron-specific enolase was a useful marker

for monitoring disease progression. J Dermatol. 2015;42:621-4.

Herrmann M, Vos P, Wunderlich MT, de Bruijn CH, Lamers KJ.

Release of glial tissue-specific proteins after acute stroke:

a comparative analysis of serum concentrations of protein S-

100B and glial fibrillary acidic protein. Stroke. 2000;31:2670-7.

Eng LF, Ghirnikar RS, Lee YL. Glial fibrillary acidic pro-

tein: GFAP-thirty-one years (1969-2000). Neurochem Res.

2000;25:1439-51.

Missler U, Wiesmann M, Wittmann G, Magerkurth O, Hagenstrom

H. Measurement of glial fibrillary acidic protein in human blood:

analytical method and preliminary clinical results. Clin Chem.

1999;45:138-41.


http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0305
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0305
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0305
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0305
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0305
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0305
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0305
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0305
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0305
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0305
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0305
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0305
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0305
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0305
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0305
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0305
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0310
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0310
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0310
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0310
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0310
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0310
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0310
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0310
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0310
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0310
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0310
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0310
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0310
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0310
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0310
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0310
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0310
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0310
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0310
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0310
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0310
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0310
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0310
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0310
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0310
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0310
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0310
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0310
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0310
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0310
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0310
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0315
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0315
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0315
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0315
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0315
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0315
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0315
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0315
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0315
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0315
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0315
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0315
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0315
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0315
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0315
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0315
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0315
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0315
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0315
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0315
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0315
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0315
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0315
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0315
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0315
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0315
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0315
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0320
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0320
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0320
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0320
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0320
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0320
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0320
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0320
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0320
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0320
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0320
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0320
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0320
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0320
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0320
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0320
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0320
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0320
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0320
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0320
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0320
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0320
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0320
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0320
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0320
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0320
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0320
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0320
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0320
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0320
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0320
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0320
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0320
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0320
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0320
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0320
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0325
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0330
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0330
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0330
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0330
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0330
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0330
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0330
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0330
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0330
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0330
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0330
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0330
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0330
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0330
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0330
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0330
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0330
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0330
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0330
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0330
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0330
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0330
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0330
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0330
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0335
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0335
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0335
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0335
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0335
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0335
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0335
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0335
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0335
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0335
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0335
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0335
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0335
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0335
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0335
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0340
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0340
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0340
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0340
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0340
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0340
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0340
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0340
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0340
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0340
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0340
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0340
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0340
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0340
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0340
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0340
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0340
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0340
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0340
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0340
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0340
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0340
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0340
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0340
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0340
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0340
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0340
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0340
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0340
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0340
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0340
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0340
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0345
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0345
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0345
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0345
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0345
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0345
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0345
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0345
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0345
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0345
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0345
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0345
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0345
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0345
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0345
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0345
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0345
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0345
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0345
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0345
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0345
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0345
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0345
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0345
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0345
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0345
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0345
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0345
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0350
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0355
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0355
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0355
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0355
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0355
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0355
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0355
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0355
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0355
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0355
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0355
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0355
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0355
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0355
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0355
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0355
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0355
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0355
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0355
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0355
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0355
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0355
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0355
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0355
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0355
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0355
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0355
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0355
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0355
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0355
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0355
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0355
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0355
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0355
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0355
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0355
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0355
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0355
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0355
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0355
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0360
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0360
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0360
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0360
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0360
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0360
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0360
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0360
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0360
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0360
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0360
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0360
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0360
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0360
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0360
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0360
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0360
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0360
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0360
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0360
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0360
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0360
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0360
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0360
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0360
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0360
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0360
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0360
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0360
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0360
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0360
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0360
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0360
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0360
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0360
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0360
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0360
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0360
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0360
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0360
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0360
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0360
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0360
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0360
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0360
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0365
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0365
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0365
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0365
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0365
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0365
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0365
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0365
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0365
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0365
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0365
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0365
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0365
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0365
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0365
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0365
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0365
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0365
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0365
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0365
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0365
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0365
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0365
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0365
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0365
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0365
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0365
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0365
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0365
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0365
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0365
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0365
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0365
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0365
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0365
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0365
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0365
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0365
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0365
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0370
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0370
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0370
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0370
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0370
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0370
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0370
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0370
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0370
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0370
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0370
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0370
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0370
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0370
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0370
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0370
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0370
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0370
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0370
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0370
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0370
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0370
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0370
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0370
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0370
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0370
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0370
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0370
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0375
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0375
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0375
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0375
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0375
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0375
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0375
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0375
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0375
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0375
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0375
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0375
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0375
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0375
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0375
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0375
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0375
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0375
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0375
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0375
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0375
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0375
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0375
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0375
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0375
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0375
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0375
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0375
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0375
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0375
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0375
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0375
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0375
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0375
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0375
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0375
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0375
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0380
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0385
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0385
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0385
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0385
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0385
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0385
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0385
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0385
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0385
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0385
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0385
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0385
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0385
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0385
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0385
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0385
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0385
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0385
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0385
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0385
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0385
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0385
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0385
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0390
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0390
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0390
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0390
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0390
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0390
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0390
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0390
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0390
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0390
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0390
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0390
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0390
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0390
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0390
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0390
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0390
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0390
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0390
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0390
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0390
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0390
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0390
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0390
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0390
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0390
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0390
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0390
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0390
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0390
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0390
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0390
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0390
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0390
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0390
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0390
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0390
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0390
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0390
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0390
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0390
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0395
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0395
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0395
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0395
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0395
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0395
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0395
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0395
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0395
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0395
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0395
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0395
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0395
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0395
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0395
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0395
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0395
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0395
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0395
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0395
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0395
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0395
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0395
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0395
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0395
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0395
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0395
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0395
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0395
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0395
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0395
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0395
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0395
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0400
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0400
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0400
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0400
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0400
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0400
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0400
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0400
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0400
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0400
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0400
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0400
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0400
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0400
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0400
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0400
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0400
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0400
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0400
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0400
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0400
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0400
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0400
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0400
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0400
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0400
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0400
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0400
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0400
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0400
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0400
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0400
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0400
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0400
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0400
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0400
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0400
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0400
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0400
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0400
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0400
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0400
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0400
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0405
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0405
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0405
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0405
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0405
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0405
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0405
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0405
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0405
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0405
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0405
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0405
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0405
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0405
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0405
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0405
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0405
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0405
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0405
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0405
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0405
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0405
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0405
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0405
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0405
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0405
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0405
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0405
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0405
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0405
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0405
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0405
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0410
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0410
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0410
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0410
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0410
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0410
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0410
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0410
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0410
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0410
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0410
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0410
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0410
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0410
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0410
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0410
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0410
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0410
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0410
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0410
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0410
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0410
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0410
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0410
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0410
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0410
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0410
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0410
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0410
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0410
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0410
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0410
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0410
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0410
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0410
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0410
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0415
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0415
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0415
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0415
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0415
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0415
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0415
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0415
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0415
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0415
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0415
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0415
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0415
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0415
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0415
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0415
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0415
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0415
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0415
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0415
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0415
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0415
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0415
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0415
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0415
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0415
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0415
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0415
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0415
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0415
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0415
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0415
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0415
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0415
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0415
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0415
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0415
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0415
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0415
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0415
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0415
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0420
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0420
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0420
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0420
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0420
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0420
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0420
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0420
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0420
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0420
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0420
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0420
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0420
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0420
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0420
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0420
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0420
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0420
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0420
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0420
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0420
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0420
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0420
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0420
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0420
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0420
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0420
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0425
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0430
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0430
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0430
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0430
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0430
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0430
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0430
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0430
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0430
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0430
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0430
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0430
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0430
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0430
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0430
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0430
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0430
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0430
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0430
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0430
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0430
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0430
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0430
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0430
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0430
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0430
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0430
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0430
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0430
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0430
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0430
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0430
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0430
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0430
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0430
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0430
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0430
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0430
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0430
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0435
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0435
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0435
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0435
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0435
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0435
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0435
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0435
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0435
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0435
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0435
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0435
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0435
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0435
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0435
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0435
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0435
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0435
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0435
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0435
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0435
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0435
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0435
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0435
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0435
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0435
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0435
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0435
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0435
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0435
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0435
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0435
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0435
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0435
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0435
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0435
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0435
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0435
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0435
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0435
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0435
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0435
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0435
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0435
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0435
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0435
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0440
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0440
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0440
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0440
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0440
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0440
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0440
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0440
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0440
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0440
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0440
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0440
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0440
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0440
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0440
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0440
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0440
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0440
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0440
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0440
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0440
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0440
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0440
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0440
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0440
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0440
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0440
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0440
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0440
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0440
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0440
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0440
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0440
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0440
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0440
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0440
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0440
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0440
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0445
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0445
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0445
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0445
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0445
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0445
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0445
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0445
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0445
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0445
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0445
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0445
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0445
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0445
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0445
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0445
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0445
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0445
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0445
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0445
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0445
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0445
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0445
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0445
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0445
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0445
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0445
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0445
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0445
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0445
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0445
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0445
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0445
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0445
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0445
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0445
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0445
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0445
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0450
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0450
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0450
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0450
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0450
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0450
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0450
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0450
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0450
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0450
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0450
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0450
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0450
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0450
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0450
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0450
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0450
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0450
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0450
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0450
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0450
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0450
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0450
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0450
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0450
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0450
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0450
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0450
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0450
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0450
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0450
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0450
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0450
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0450
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0450
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0450
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0450
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0450
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0450
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0455
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0455
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0455
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0455
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0455
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0455
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0455
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0455
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0455
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0455
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0455
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0455
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0455
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0455
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0455
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0455
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0455
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0455
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0455
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0455
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0455
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0455
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0455
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0455
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0455
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0455
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0455
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0455
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0455
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0455
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0455
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0455
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0455
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0455
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0455
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0455
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0455
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0460
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0460
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0460
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0460
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0460
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0460
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0460
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0460
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0460
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0460
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0460
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0460
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0460
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0460
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0460
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0460
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0460
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0460
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0460
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0460
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0460
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0460
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0460
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0460
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0460
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0460
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0460
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0460
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0460
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0460
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0460
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0460
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0460
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0460
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0460
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0460
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0460
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0460
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0460
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0460
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0460
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0460
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0460
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0460
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0460
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0465
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0465
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0465
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0465
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0465
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0465
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0465
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0465
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0465
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0465
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0465
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0465
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0465
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0465
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0465
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0465
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0465
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0465
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0465
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0465
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0465
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0465
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0465
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0465
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0465
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0465
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0465
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0465
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0470
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0470
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0470
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0470
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0470
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0470
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0470
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0470
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0470
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0470
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0470
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0470
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0470
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0470
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0470
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0470
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0470
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0470
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0470
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0470
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0470
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0470
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0470
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0470
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0470
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0470
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0470
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0470
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0470
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0470
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0470
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0470
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0470
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0470

112

E. Gordillo-Escobar et al.

35.

36.

37.

38.

39.

40.

M.

42.

43.

45.

46.

47.

48.

Pelinka LE, Kroepfl A, Schmidhammer R, Krenn M, Buchinger
W, Redl H, et al. Glial fibrillary acidic protein in serum
after traumatic brain injury and multiple trauma. J Trauma.
2004;57:1006-12.

Pelinka LE, Kroepfl A, Leixnering M, Buchinger W, Raabe A, Redl
H. GFAP versus S100B in serum after traumatic brain injury:
relationship to brain damage and outcome. J Neurotrauma.
2004;21:1553-61.

Lumpkins KM, Bochicchio GV, Keledjian K, Simard JM, McCunn
M, Scalea T. Glial fibrillary acidic proteins is highly correlated
with brain injury. J Trauma. 2008;65:778-82.

Isobe T, Ishioka N, Masuda T, Takahashi Y, Ganno S, Okuyama
T. A rapid separation of S100 subunits by high performance lig-
uid chromatography: The subunit compositions of $100 proteins.
Biochem Int. 1983;6:419-26.

Donato R. $100: a multigenic family of calcium-modulated pro-
teins of the EF-hand type with intracellular and extracellular
functional roles. Int J Biochem Cell Biol. 2001;33:637-68.
Chan RW, Graham CA, Rainer TH, Lam NY, Chiu RW, Chik KW,
et al. Use of bone narrow transplantation model system to
demonstrate the hematopoietic origin of plasma S100B mRNA.
Clin Chem. 2007;53:1874-6.

Jonsson H, Johnsson P, Hoglund P, Alling C, Blomquist S. The
elimination of S100B and renal function after cardiac surgery.
J Cardiothorac Vasc Anesth. 2000;14:698-701.

Neher MD, Keene CN, Rich MC, Moore HB, Stahel PF. Serum
biomarkers for traumatic brain injury. South Med J. 2014;107:
248-55.

Biberthaler P, Linsenmeier U, Pfeifer KJ, Kroetz M, Mussack
T, Kanz KG, et al. Serum S-100B concentration provides addi-
tional information for the indication of computed tomography
in patients after minor head injury: a prospective multicenter
study. Shock. 2006;25:446-53.

. Egea-Guerrero JJ, Revuelto-Rey J, Murillo-Cabezas F, Muhoz-

Sanchez MA, Vilches-Arenas A, Sanchez-Linares P, et al.
Accuracy of the S1008 protein as a marker of brain damage
in traumatic brain injury. Brain Inj. 2012;26:76-82.

Nygaard @, Langbakk B, Romner B. Age and sex-related changes
of S-100 protein concentrations in cerebrospinal fluid and serum
in patients with no previous history of neurological disorder. Clin
Chem. 1997;43:541-3.

Woertgen C, Rothoerl RD, Wiesmann M, Missler U, Brawan-
ski A. Glial and neuronal serum markers after controlled
cortical impact injury in the rat. Acta Neurochir. 2002;81:
205-7.

Raabe A. High serum S100B levels for trauma patients without
head injuries. Neurosurgery. 2001;49:1491-2.

Korfias S, Stranjalis G, Boviatsis E, Psachoulia C, Jullien
G, Gregson B, et al. Serum S-100B protein monitoring in
patients with severe traumatic brain injury. Intensive Care Med.
2007;33:255-60.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Herrmann M, Jost S, Kutz S, Ebert AD, Kratz T, Wunderlich MT,
et al. Temporal profile of release of neurobiochemical markers
of brain damage after traumatic brain injury is associated with
intracraneal pathology as demonstrated in cranial computer-
ized tomography. J Neurotrauma. 2000;17:113-22.
Gonzéalez-Mao MC, Reparaz-Andrade A, del Campo-Pérez V,
Alvarez-Garcia E, Vara-Perez C, Andrade-Olivié MA. Model pre-
dicting survival/exitus after traumatic brain injury: biomarker
S100B 24 h. Clin Lab. 2011;57:587-97.

Woertgen C, Rothoerl RD, Metz C, Brawanski A. Comparison of
clinical, radiologic and serum marker of prognostic factors after
severe head injury. J Trauma. 1999;47:1126-30.
Murillo-Cabezas F, Muioz-Sanchez MA, Rincon-Ferrari MD,
Martin-Rodriguez JF, Amaya-Villar R, Garcia-Goémez S, et al. The
prognostic value of the temporal course of S100beta protein in
post-acute severe brain injury: a prospective and observational
study. Brain Inj. 2010;24:609-19.

Egea-Guerrero JJ, Murillo-Cabezas F, Gordillo-Escobar E,
Rodriguez-Rodriguez A, Enamorado-Enamorado J, Revuelto-Rey
J, et al. S100B protein may detect brain death develop-
ment after severe traumatic brain injury. J Neurotrauma.
2013;15:1762-9.

Da Rocha AB, Schneider RF, de Freitas GR, André C, Grivicich
I, Zanoni C, et al. Role of the serum S100B as a predictive
marker of fatal outcome following isolated severe head injury
or multitrauma in males. Clin Chem Lab Med. 2006;44:1234-42.
Papa L, Akinyi L, Liu MC, Pineda JA, Tepas JJ 3rd, Oli MW,
et al. Ubiquitin C-terminal hydrolase is a novel biomarker
in humans for severe traumatic brain injury. Crit Care Med.
2010;38:138-44.

Mondello S, Linnet A, Buki A, Robicsek S, Gabrielli A, Tepas J,
et al. Clinical utility of serum levels of ubiquitin C-terminal
hydrolase as a biomarker for severe traumatic brain injury. Neu-
rosurgery. 2012;70:666-75.

Riederer BM, Zagon IS, Goodman SR. Brain spectrin (240/235)
and brain spectrin (240/235E): two distinct spectrin subtypes
with different locations within mammalian neural cells. J Cell
Biol. 1986;102:2088-97.

Mondello S, Robicsek SA, Gabrielli A, Brophy GM, Papa L, Tepas
J, et al. all-Spectrin breakdown products (SBDPs): diagnosis and
outcome in severe traumatic brain injury patients. J Neuro-
trauma. 2010;27:1203-13.

Gaiottino J, Norgren N, Dobson R, Topping J, Nissim A,
Malaspina A, et al. Increased neurofilament light chain blood
levels in neurodegenerative neurological diseases. PLOS ONE.
2013;8:e75091.

Al Nimer F, Thelin E, Nystrom H, Dring AM, Svenningsson A,
Piehl F, et al. Comparative assessment of the prognostic value
of biomarkers in traumatic brain injury reveals an indepen-
dent role for serum levels of neurofilament light. PLOS ONE.
2015;10:e0132177.


http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0475
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0475
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0475
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0475
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0475
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0475
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0475
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0475
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0475
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0475
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0475
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0475
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0475
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0475
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0475
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0475
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0475
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0475
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0475
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0475
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0475
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0475
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0475
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0475
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0475
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0475
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0475
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0475
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0475
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0475
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0475
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0475
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0475
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0475
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0475
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0475
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0475
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0475
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0480
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0480
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0480
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0480
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0480
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0480
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0480
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0480
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0480
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0480
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0480
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0480
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0480
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0480
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0480
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0480
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0480
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0480
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0480
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0480
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0480
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0480
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0480
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0480
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0480
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0480
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0480
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0480
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0480
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0480
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0480
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0480
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0480
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0480
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0480
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0480
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0480
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0480
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0485
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0485
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0485
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0485
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0485
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0485
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0485
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0485
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0485
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0485
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0485
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0485
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0485
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0485
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0485
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0485
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0485
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0485
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0485
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0485
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0485
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0485
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0485
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0485
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0485
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0485
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0485
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0485
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0485
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0485
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0485
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0485
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0485
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0485
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0490
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0490
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0490
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0490
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0490
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0490
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0490
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0490
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0490
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0490
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0490
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0490
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0490
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0490
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0490
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0490
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0490
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0490
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0490
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0490
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0490
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0490
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0490
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0490
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0490
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0490
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0490
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0490
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0490
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0490
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0490
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0490
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0490
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0490
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0490
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0490
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0490
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0490
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0490
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0490
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0490
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0490
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0495
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0495
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0495
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0495
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0495
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0495
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0495
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0495
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0495
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0495
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0495
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0495
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0495
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0495
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0495
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0495
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0495
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0495
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0495
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0495
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0495
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0495
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0495
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0495
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0495
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0495
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0495
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0495
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0495
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0495
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0500
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0500
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0500
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0500
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0500
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0500
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0500
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0500
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0500
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0500
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0500
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0500
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0500
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0500
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0500
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0500
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0500
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0500
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0500
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0500
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0500
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0500
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0500
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0500
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0500
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0500
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0500
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0500
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0500
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0500
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0500
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0500
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0500
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0500
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0500
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0500
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0500
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0500
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0500
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0500
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0500
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0500
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0500
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0505
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0505
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0505
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0505
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0505
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0505
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0505
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0505
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0505
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0505
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0505
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0505
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0505
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0505
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0505
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0505
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0505
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0505
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0505
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0505
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0505
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0505
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0505
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0505
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0505
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0505
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0505
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0505
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0505
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0505
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0505
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0505
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0505
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0510
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0510
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0510
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0510
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0510
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0510
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0510
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0510
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0510
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0510
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0510
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0510
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0510
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0510
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0510
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0510
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0510
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0510
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0510
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0510
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0510
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0510
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0510
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0510
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0510
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0510
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0510
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0510
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0515
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0515
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0515
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0515
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0515
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0515
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0515
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0515
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0515
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0515
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0515
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0515
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0515
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0515
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0515
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0515
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0515
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0515
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0515
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0515
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0515
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0515
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0515
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0515
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0515
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0515
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0515
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0515
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0515
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0515
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0515
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0515
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0515
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0515
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0515
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0515
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0515
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0515
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0515
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0515
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0515
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0515
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0515
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0515
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0515
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0515
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0520
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0520
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0520
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0520
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0520
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0520
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0520
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0520
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0520
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0520
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0520
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0520
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0520
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0520
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0520
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0520
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0520
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0520
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0520
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0520
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0520
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0520
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0520
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0520
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0520
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0520
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0520
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0520
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0520
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0520
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0520
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0520
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0520
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0520
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0520
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0520
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0520
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0520
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0520
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0520
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0520
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0520
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0520
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0520
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0520
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0520
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0525
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0525
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0525
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0525
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0525
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0525
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0525
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0525
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0525
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0525
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0525
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0525
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0525
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0525
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0525
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0525
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0525
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0525
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0525
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0525
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0525
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0525
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0525
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0525
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0525
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0525
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0525
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0525
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0525
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0525
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0525
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0525
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0525
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0525
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0525
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0525
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0525
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0530
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0530
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0530
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0530
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0530
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0530
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0530
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0530
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0530
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0530
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0530
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0530
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0530
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0530
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0530
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0530
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0530
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0530
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0530
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0530
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0530
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0530
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0530
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0530
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0530
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0530
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0530
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0530
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0530
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0530
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0530
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0530
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0530
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0530
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0530
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0530
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0535
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0535
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0535
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0535
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0535
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0535
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0535
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0535
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0535
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0535
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0535
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0535
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0535
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0535
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0535
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0535
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0535
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0535
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0535
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0540
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0540
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0540
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0540
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0540
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0540
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0540
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0540
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0540
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0540
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0540
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0540
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0540
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0540
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0540
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0540
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0540
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0540
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0540
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0540
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0540
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0540
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0540
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0540
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0540
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0540
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0540
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0540
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0540
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0540
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0540
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0540
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0540
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0540
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0540
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0545
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0550
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0550
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0550
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0550
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0550
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0550
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0550
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0550
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0550
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0550
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0550
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0550
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0550
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0550
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0550
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0550
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0550
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0550
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0550
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0550
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0550
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0550
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0550
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0550
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0550
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0550
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0550
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0550
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0550
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0550
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0550
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0550
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0550
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0550
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0550
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0550
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0555
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0555
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0555
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0555
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0555
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0555
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0555
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0555
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0555
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0555
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0555
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0555
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0555
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0555
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0555
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0555
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0555
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0555
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0555
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0555
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0555
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0555
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0555
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0555
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0555
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0555
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0555
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0555
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0555
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0555
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0555
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0555
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0555
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0560
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0565
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0565
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0565
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0565
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0565
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0565
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0565
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0565
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0565
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0565
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0565
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0565
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0565
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0565
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0565
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0565
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0565
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0565
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0565
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0565
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0565
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0565
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0565
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0565
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0565
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0565
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0565
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0565
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0565
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0565
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0565
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0565
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0565
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0565
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0565
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0565
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0565
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0565
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0565
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0565
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0570
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0575
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0575
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0575
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0575
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0575
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0575
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0575
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0575
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0575
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0575
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0575
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0575
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0575
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0575
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0575
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0575
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0575
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0575
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0575
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0575
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0575
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0575
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0575
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0575
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0575
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0575
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0575
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0575
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0575
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0575
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0575
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0575
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0575
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0575
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0575
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0575
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0575
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0575
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0575
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0575
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0575
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0575
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0580
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0580
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0580
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0580
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0580
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0580
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0580
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0580
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0580
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0580
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0580
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0580
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0580
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0580
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0580
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0580
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0580
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0580
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0580
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0580
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0580
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0580
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0580
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0580
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0580
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0580
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0580
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0580
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0580
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0580
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0580
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0580
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0580
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0580
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0580
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0580
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0580
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0580
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0580
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0580
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0580
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0580
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0585
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0585
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0585
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0585
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0585
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0585
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0585
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0585
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0585
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0585
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0585
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0585
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0585
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0585
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0585
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0585
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0585
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0585
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0585
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0585
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0585
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0585
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0585
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0585
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0585
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0585
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0585
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0585
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0585
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0585
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0585
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0585
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0590
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0590
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0590
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0590
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0590
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0590
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0590
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0590
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0590
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0590
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0590
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0590
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0590
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0590
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0590
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0590
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0590
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0590
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0590
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0590
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0590
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0590
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0590
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0590
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0590
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0590
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0590
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0590
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0590
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0590
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0590
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0590
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0590
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0590
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0590
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0590
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0590
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0590
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0590
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0595
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0595
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0595
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0595
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0595
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0595
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0595
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0595
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0595
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0595
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0595
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0595
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0595
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0595
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0595
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0595
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0595
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0595
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0595
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0595
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0595
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0595
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0595
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0595
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0595
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0595
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0595
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0595
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0600
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0600
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0600
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0600
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0600
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0600
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0600
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0600
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0600
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0600
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0600
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0600
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0600
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0600
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0600
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0600
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0600
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0600
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0600
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0600
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0600
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0600
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0600
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0600
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0600
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0600
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0600
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0600
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0600
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0600
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0600
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0600
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0600
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0600
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0600
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0600
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0600
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0600
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0600
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0600
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0600
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0600
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0600
http://refhub.elsevier.com/S2173-5727(16)00011-4/sbref0600

	Usefulness of biomarkers in the prognosis of severe head injuries
	Introduction
	Brain damage biomarkers
	Tau protein
	Amyloid beta-protein
	Basic myelin protein
	Cerebral creatine kinase isoenzyme
	Neurospecific enolase
	Glial fibrillary acidic protein
	S100 beta-protein

	New biomarkers of interest
	Ubiquitin carboxy-terminal hydrolase L1
	Spectrin degradation products
	Neurofilaments

	Conclusions
	Financial support
	Conflicts of interest
	References


