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VALIDATION OF THE CRASH PREDICTION MODEL IN

PREDICTING 18 MONTHS MORTALITY AND UNFAVOR-

ABLE OUTCOME IN SEVERE TRAUMATIC BRAIN INJURY

REQUIRING DECOMPRESSIVE CRANIECTOMY

Stephen Honeybul,1 Kwok Ho,2 Christopher RP Lind,1 Grant R

Gillett3

1Department of Neurosurgery, Sir Charles Gairdner Hospital and

Royal Perth Hospital, Western Australia
2Department of Intensive Care Medicine and School of Population

Health, University of Western Australia, School of Surgery, University

of Western Australia
3Dunedin Hospital and Otago Bioethics Centre, University of Otago,

Dunedin, New Zealand

To assess the validity of the CRASH (corticosteroid randomization after

significant head injury) collaborators prediction model in predicting

mortality and unfavorable outcome at 18 months in patients with severe

traumatic brain injury (TBI) requiring decompressive craniectomy. This

prospective observational cohort study included all patients who under-

went a decompressive craniectomy following severe TBI at the two

major trauma hospitals in Western Australia from 2004 to 2012 and on

whom eighteen month follow-up data was available. Clinical and ra-

diological data on initial presentation was entered into the web-based

model and the predicted outcome compared with the observed outcome.

In validating the CRASH model, we used area under the receiver op-

erating characteristic (ROC) curve to assess the ability of the CRASH

model to differentiate between favorable and unfavorable outcomes. The

ability of the CRASH 6-month unfavorable prediction model to differ-

entiate between unfavorable and favorable outcomes at 18 months after

decompressive craniectomy was good (area under the ROC = 0.85, 95%

confidence interval 0.80–0.90). The model’s calibration was not perfect.

The slope and the intercept of the calibration curve were 1.66 (standard

error [SE] 0.21) and - 1.11 (SE 0.14), respectively, suggesting that the

predicted risks of unfavorable outcomes were not sufficiently extreme or

different across different risk strata and were systemically too high (or

over-pessimistic), respectively. The CRASH collaborators prediction

model appears to be a valuable tool which can be used as a surrogate

index of injury severity to stratify patients according to injury severity.

We would however, caution clinicians not to make clinical decisions

based solely on the predicted risks derived from the model.
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SPREADING DEPOLARIZATION IN ACUTE NEURONAL

INJURY

Jens P Dreier

Center for Stroke Research Berlin (CSB), Charité University Medicine,

Berlin, Germany

In the evolution of the cerebral cortex, the sophisticated organization in

a steady state far away from thermodynamic equilibrium has produced

the side effect of two fundamental pathological types of neuronal mass

discharge: ictal epileptic activity and spreading depolarization. Ictal

epileptic activity describes the partial disruption and spreading depo-

larization the near-complete disruption of the physiological double

Gibbs-Donnan steady state. Ictal epileptic activity and spreading de-

polarization are thus passive processes driven by the electrochemical

gradients between intraneuronal and extracellular space, ictal epileptic

activity being associated with partial and spreading depolarization with

near-complete break-down of the transneuronal ion gradients. The toxic

intracellular calcium surge during spreading depolarization in fact

reaches a concentration of up to 25lM. The restoration of ion ho-

meostasis is energy dependent because it requires the activation of ion

pumps, in particular the activation of Na, K-ATPases. Therefore, even

under otherwise physiological conditions, spreading depolarization

causes an immediate decline in tissue ATP to about 50%. Spreading

depolarization is moreover characterized by neuron swelling with

dendritic spine distortion (cytotoxic edema) and marked glutamate re-

lease (excitotoxicity). The occurrence of ictal epileptic activity in pa-

tients has been known for decades. Recently, unequivocal

electrophysiological evidence has been found in patients that spreading

depolarizations occur abundantly in brain trauma and stroke. Specifi-

cally in brain trauma, it has been shown that spreading depolarizations

are associated with unfavorable outcome.
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IMAGING COVERT COGNITION AND CONSCIOUSNESS

Athena Demertzi,1 Andrea Soddu,1,2 Francisco Gomez,1,3 Lizette

Heine,1 Carol di Perri,1 Enrico Amico,1 Steven Laureys1

1Coma Science Group, Cyclotron Research Center & Neurology

Department, University of Liège, Belgium
2Brain & Mind Institute, Physics & Astronomy Department, Western

University, London Ontario, Canada
3Computer Science Department, Universidad Central de Colombia,

Bogotá, Colombia

Neuroimaging active, passive and resting state paradigms are being

employed to investigate residual brain function of patients in a
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vegetative state/unresponsive wakefulness syndrome (VS/UWS) and

minimally conscious states (MCS). Using fMRI, a patient behavior-

ally diagnosed as unresponsive could follow two mental imagery

commands, i.e., imagine playing tennis and visit the rooms of her

house. These commands were further used as communication system

for a patient also diagnosed unresponsive to provide ‘‘yes’’/‘‘no’’ re-

sponses to simple questions. However, absence of command following

does not necessarily entail absence of awareness. Aphasia problems

may hinter patients from comprehending and/or responding. Alter-

natively, passive paradigms using external somatosensoty and auditory

stimulations have shown that only sensory cortices are activated in

patients in VS/UWS; in contrast, patients in MCS show more wide-

spread cortical activation including hierarchically higher-order associ-

ation areas. When such experimental setups are complicated, resting

state studies show that unresponsive patients exhibit reduced global

metabolism but recovery from VS/UWS does not necessarily coincide

with resumption of global metabolic activity. Hence, some areas are

more important than others to sustain conscious function. Indeed, pa-

tients in VS/UWS show impaired metabolism in midline and lateral

frontopareital cortices. Similarly using fMRI, posterior cingulate cortex,

medial prefrontal cortex and posterior parietal cortices (areas broadly

known as the default mode network) also show decreases in functional

connectivity as a function of the level of consciousness. Such advances

are expected to lead to medico-ethical and legal discussions, where

patients’ competency will potentially need to be re-established in a

context of contemporary technology usage.
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FUTURE DIRECTIONS OF HYPOTHERMIA THERAPY FOR

TRAUMATIC BRAIN INJURY FROM CLINICAL STUDIES IN

JAPAN

Eiichi Suehiro, Yuichi Fujiyama, Hiroyasu Koizumi, Michiyasu

Suzuki

Department of Neurosurgery, Yamaguchi University School of

Medicine, Ube, Japan

Traumatic brain injury (TBI) has heterogeneous pathophysiology

which can be classified into contusion, acute subdural hematoma,

acute epidural hematoma, diffuse axonal injury and their combina-

tions. Since their pathophysiologies differ, therapeutic strategies

should also differ. A multicenter randomized controlled trial of pa-

tients with severe TBI who received either therapeutic hypothermia or

induced normothermia was performed from 2002 to 2008 in Japan

(BHYPO). Favorable outcomes in young patients ( < 50 years of age)

with evacuated mass lesions significantly increased from 33.3% under

normothermia to 77.8% under hypothermia (p = 0.015). Patients with

diffuse injury III who were treated with hypothermia (53.8%) had

significantly high mortality than patients in normothermia (11.1%)

(p = 0.041). From July 2009 through June 2011, an observational study

which was admitted severe TBI patients, called the Japan Neuro-

trauma Data Bank ( JNTDB) Project 2009, was performed in Japan. In

this study, multivariate analysis in patients with evacuated mass lesion

showed that hypothermia (odds ratio, 5.547; 95% CI, 1.157–26.58;

P < 0.05) were independent factors related to favorable outcome but

not in diffuse injury. Further, the implementation rate of intracranial

pressure (ICP) monitoring in hypothermia was significantly higher

than the other groups. Patients with evacuated mass lesions are ex-

pected to be good candidates for hypothermia therapy. The tempera-

ture management under ICP monitoring is important for hypothermia

therapy. In the future, a prospective multicenter randomized study

which shows protective effects of hypothermia for patients with

evacuated mass lesion has to be planed.
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VERY HIGH RESOLUTION ULTRASOUND IMAGING TO

ASSESS THE INJURED SPINAL CORD AND EXTENT OF

BLOOD SPINAL CORD BARRIER DISRUPTION

Marc Soubeyrand, Anna Badner, Reaz Vawda, Young Sun Chung,

Michael G Fehlings

Division of Genetics and Development and Krembil Neuroscience

Centre, Toronto Western Research Institute, Toronto, Ontario,

Canada

To determine if very high resolution ultrasound (VHRUS) is able to

depict and quantify blood spinal cord barrier disruption (BSCBD)

secondary to experimental spinal cord injury (SCI) in rats at the acute

and sub-acute phases (90 min and 24 h post-SCI). Eighty Wistar rats

were used. Sham-operated animal underwent a Th10-Th12 lami-

nectomy while injured animals underwent Th11 clip SCI. VHRUS

images were compared with histology and fluorescent microscopy of

extravasated Evans blue (injected intravenously). A protocol was

developed for three-dimensional quantification of the VHRUS images

and compared (Pearson coefficient) to the amount of haemoglobin and

Evans blue extravasated in the parenchyma measured with spectro-

photometry assays. Time-lapse videos were generated to understand

how the parenchymal haemorrhage (PH) grows. VHRUS can depict

the structural and vascular anatomy of the rat spinal cord and can be

repeated in the same animal at successive time points. Following SCI,

a hyperechoic lesion progressively extended. In the acute and sub-

acute phase, this lesion depicts evolution of the PH and BSCBD.

Significant correlations were found between VHRUS quantification

and extravasated haemoglobin in the acute (r = 0.88, P < 0.0001) and

sub-acute (r = 0.85, P < 0.0001) phases and extravasated Evans blue in

the sub-acute phase (r = 0.94, P < 0.0001). Time lapse videos demon-

strated that the expansion of the PH reflects the appearance of new

foci of haemorrhage. VHRUS allows for imaging and quantification

of PH and BSCBD following SCI in rats. This work has the potential

for straight forward translation into the clinical setting.

7

W
IT

H
D

RAW
N

A-3



8

CASE STUDY OF BRACHIAL PLEXUS TRANSFER IN

RETURN OF UPPER LIMB FUNCTION FOLLOWING MUL-

TITRAUMA AND BRACHIAL PLEXUS AVULSION

Stefan Dimou, Michael T Biggs, Jim Lagopoulos

Westmead Clinical School – Sydney Medical School, The University

of Sydney, Australia Brain and Mind Research Institution, The

Univerisity of Sydney, Australia North Shore Private Hospital,

St Leonards, NSW, Australia

We report a 27-year-old woman who suffered multitrauma due to an

agricultural accident. Notable injuries included: complete avulsion of

her left brachial plexus and amputation of her right arm. Her right

brachial plexus, however, remained functional and was transferred to

her intact left arm to provide a basis for function and mitigation of

phantom limb pain (PLP).

Outcome measures included neurological examination of the left

upper limb (LUL) as well as the patient’s perceived PLP. fMRI in-

vestigations using left elbow flexion and finger-tapping tasks were

undertaken to derive possible correlations between instinctiveness of

movement and BOLD changes at primary sensorimotor cortices.

LUL power and fMRI were examined some three years and eight months

post-surgery. Flexor compartments displayed greatest return: biceps,

wrist and finger flexion all showed 4/5 power. fMRI depicted cortical

activation of the left hemisphere, reflecting incorporation of the right

brachial plexus into the circuitry innervating the LUL. Significant cortical

activation of the contralateral hemisphere was also present. This was

more pronounced during elbow flexion than finger-tap, correlating with

the patient’s subjective feeling that elbow flexion had become second-

nature. Major improvements in PLP were also reported.

This case illustrates that brachial plexus transfer can achieve some degree

of functional recovery in patients following brachial plexus avulsion. At

the cortex, fMRI showed the degree to which cortical rearrangement

occurred correlated with subjective ease of movement, suggesting that

functional improvements in limb mobility and reduced PLP are associ-

ated with increased activation in the sensorimotor cortex.
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TREATMENT OF SPORTS RELATED CONCUSSION:

SUMMARY OF THE CURRENT RECOMMENDATIONS OF

THREE PROMINENT SPORTS MEDICINE ORGANIZATIONS

Donald Marion

The Defense and Veterans Brain Injury Center, Washington, DC, USA

Currently there is considerable debate within the sports medicine

community about the role of concussion and the risk of chronic

neurological squeal such as chronic traumatic encephalopathy (CTE).

This concern has led to confusion among primary care providers and

athletic trainers about how best to identify those athletes at risk, and

how to treat concussion. It also has led to reluctance among many

parents to allow their children to participate in organized contact

sports such as football or soccer. During the first quarter of 2013 three

new or updated clinical practice guidelines were published on the

diagnosis, treatment and management of concussion in sports. The

goal of each group was to clearly define current best practices for

the definition, diagnosis, and acute and post-acute management of

sports-related concussion, including specific recommendations for

return to play. Key recommendations of all three groups are that any

athlete suspected of having a concussion should not be allowed to

return to play on the day of the injury, and they also should not return

to play until they have been evaluated by a licensed healthcare pro-

vider. Those who have sustained a concussion are more at risk for

sustaining subsequent concussions. However, the association between

one or multiple concussions, the severity of those concussions or the

time interval between concussions and the development of CTE re-

mains unclear. The goal for this presentation will be to compare the

recommendations of each of the three guidelines groups and highlight

those topics for which there is consensus.
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APPROACHES AND DECISIONS FOR ACUTE PEDIATRIC

TBI – AN INTERNATIONAL EFFORT

Michael J Bell

University of Pittsburgh, Pittsburgh PA, USA

Traumatic brain injury (TBI) is the leading killer of children with over

7000 deaths reported in the United States in 2005. In addition to loss of

life, the yearly cost of TBI in children is over $2 billion with more than a

million life-years at risk. Advances in care for children with severe TBI

have been disappointingly slow. Randomized controlled trials (RCTs) of

therapeutic agents have universally failed when applied across centers.

Evidenced-based guidelines are insufficiently robust to generate mean-

ingful recommendations because the literature has failed to demonstrate

best practices. Variations in such practices are substantial, leading to

wide variations in patient outcomes which may ultimately overwhelm

treatment effects that could be found in a well-designed RCT. We have

embarked on an observational cohort study of 1000 children with severe

TBI to compare the effectiveness of pediatric TBI therapies within an

international consortium from the US, UK and EU. We will test 3 spe-

cific aims that encompass a total of 6 TBI therapies - (i) intracranial

hypertension strategies – cerebrospinal fluid diversion and hyperosmolar

therapies; (ii) secondary insult detection – prophylactic hyperventilation

and brain tissue oxygen monitoring (PbO2); (iii) metabolic support –

nutritional support and glucose management. Statistical approaches to

control for confounders will be employed including propensity score

adjustments, regression analyses and novel statistical modeling. Suc-

cessful completion of this proposal would provide compelling evidence

to change clinical practices, provide evidence for several new recom-

mendations for future guidelines and lead to improved research protocols

that would be limit variability in TBI treatments.
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EARLY INDUCTION OF HYPOTHERMIA FOR EVACUATED

INTRACRANIAL HEMATOMAS

Guy L Clifton,1 Christopher S Coffey,2 Sierra Fourwinds,3 David Zygun,4

Alex Valadka,1 Kenneth R Smith Jr.,5 Melisa L Frisby,6 Richard D

Bucholz,5 Elisabeth A Wilde,6 Harvey S Levin,6 David O Okonkwo7
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1Vivian L. Smith Center for Neurologic Research, Department of

Neurosurgery, The University of Texas Medical School at Houston
2Department of Biostatistics, University of Iowa, Iowa City, Iowa
3Silverwind Enterprises, La Veta, Colorado
4Department of Critical Care Medicine, University of Calgary,

Alberta, Canada
5Division of Neurosurgery, Department of Surgery, St. Louis

University, St. Louis, Missouri
6Department of Rehabilitation Medicine, Baylor College of Medicine,

Houston, Texas; and
7Department of Neurological Surgery, University of Pittsburgh

Medical Center, Pittsburgh, Pennsylvania

Hypothermia protects the brain after cardiac arrest and neonatal

hypoxia/ischemia, probably by protecting from reperfusion injury, but

has not proven protective after diffuse brain injury. Reperfusion does

not occur in diffuse injury, but it does occur experimentally after

evacuation of intracranial hematomas. The authors hypothesized,

therefore, that cooling applied before evacuation of traumatic intra-

cranial hematomas might be protective by a similar mechanism as

cardiac arrest. We analyzed the results of hypothermia applied before

craniotomy for hematomas in two clinical trials. NABIS:H I was a

randomized multicenter clinical trial of 392 patients with severe brain

injury treated using normothermia or hypothermia for 48 hours with

patients reaching 33�C at 8.4 – 3 hours after injury. NABIS:H II was a

randomized, multicenter clinical trial of 97 patients with severe brain

injury treated with normothermia or hypothermia for 48 hours with

patients reaching 35�C within 2.6 – 1.2 hours and 33�C within

4.4 – 1.5 hours of injury. Entry and exclusion criteria, management,

and outcome measures in the 2 trials were similar. A meta-analysis of

46 patients with evacuated hematomas in both trials who reached

35�C within 1.5 hours of surgery start showed a significantly reduced

rate of poor outcomes (41%) compared with 94 patients treated with

hypothermia who did not reach 35�C within that time and patients

treated at normothermia (62%, p = 0.009). We conclude that induction

of hypothermia to 35�C before or soon after craniotomy with main-

tenance at 33�C for 48 hours thereafter may improve outcome of

patients with hematomas and severe traumatic brain injury.
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CEREBRAL EXTRACELLULAR CHEMISTRY AND OUT-

COME OF PATIENTS WITH ACUTE SUBDURAL HEMATOMA

Yutaka Igarashi, Shoji Yokobori, Yu Fujiki, Masahiro Yamaguchi,

Akihiro Hashizume, Hidetaka Onda, Takashi Araki, Satoo Ogawa,

Akira Fuse, Hiroyuki Yokota

Department of Emergency and Critical Care Medicine, Nippon

Medical School, Japan

It is recognized that extracellular metabolic markers are more accurate for

predicting outcomes in patients with traumatic brain injury (TBI) because

of reflecting their pathophysiological processes. Previous studies analyzed

data in patients of all types of TBI for a long period, however, there is still

less information about focusing on acute subdural hematoma for the first 24

hours. Nineteen patients with acute subdural hematoma underwent cerebral

monitoring of extracellular chemistry with microdialysis catheter. Samples

were collected with vial change of 1 hour. Cerebral extracellular bio-

markers (glucose, lactate, pyruvate, glycerol, and glutamate) were mea-

sured and averaged for the first 24 hours of monitoring. Of 19 patients, 11 of

patients were male and 8 were female. The mean age of patients was 61.3

years. Eight patients had a favorable outcome (Glasgow Outcome Scale

(GOS) GR or MD) and 11 had an unfavorable outcome (GOS SD, PVS or

D). The mean extracellular lactate concentration was 39.3 mmol/l in pa-

tients with a favorable outcome and 87.2 mmol/l in patients with unfa-

vorable outcome (P = 0.026). The mean extracellular glycerol

concentration was 142 lmol/l in patients with a favorable outcome and

1288 lmol/l in patients with an unfavorable outcome (P < 0.001). The mean

lactate/pyruvate (L/P) ratio was 31.9 in patients with a favorable outcome

and 80.8 in patients with an unfavorable outcome (P = 0.002). L/P ratio was

the most consistent predictor in patient with acute subdural hematoma and

can discriminate between favorable and unfavorable outcome for the first

24 hours at threshold of approximately 40.
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SEIZURE SUSCEPTIBILITY AFTER TRAUMATIC INJURY

TO THE PEDIATRIC MOUSE BRAIN

Bridgette D Semple,1 Kayleen Gimlin,1 Terence O’Brien,2 Linda

Noble-Haeusslein1

1Department of Neurological Surgery, and Department of Physical

Therapy and Rehabilitation, University of California San Francisco,

San Francisco, CA, USA
2Department of Medicine (Royal Melbourne Hospital), Melbourne

Brain Centre, University of Melbourne, Parkville, VIC, Australia

The occurrence of post-traumatic epilepsy (PTE) is particularly high after

injury at a young age, and has been associated with poorer functional

outcomes, suggesting that the developing brain may show particular vul-

nerability to post-traumatic epileptogenesis. However, most existing

models of PTE examine injury to the adult brain. Here, we have investi-

gated seizure susceptibility in mice after injury at post-natal day 21, using a

well-characterized model approximating a toddler-aged child. The con-

vulsant pentylenetetrazol (PTZ) was administered at either adolescence or

adulthood after injury or sham-operation, and behavioral responses were

scored blinded. As early as 2 weeks post-injury, brain-injured mice showed

a pronounced seizure response to PTZ (higher Racine scores) compared to

sham-operated controls, as well as reductions in the latency to immobility,

the first myoclonic jerk, and generalized seizure. At 3 months post-injury, a

positive association was found between latency to PTZ-induced general-

ized seizure and the degree of volumetric loss in the ipsilateral hippo-

campus calculated from coronal Nissl-stained sections. Brains were also

examined for mossy fiber sprouting by ZnT3 immunofluorescence, another

pathological hallmark of PTE. Of note, abnormal mossy fiber sprouting was

absent at 2 weeks but detected in all brain-injured samples at 3 months post-

injury, particularly in regions of hippocampal deformation. This finding

suggests that functional alterations in neuronal circuitry which contribute to

increased seizure susceptibility occur prior to detectable mossy fiber

sprouting. This model of increased seizure susceptibility lays the founda-

tion for investigating the mechanisms of epileptogenesis after traumatic

injury in the developing brain.
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CYTOSKELETAL MECHANISMS OF AXONAL GROWTH

AND REGENERATION

Frank Bradke

Axonal Growth and Regeneration, German Center for

Neurodegenerative Diseases

After central nervous system (CNS) injury, axon regeneration is

prevented by growth inhibitory factors in the lesion scar as well as by

poor intrinsic axon growth potential. Microtubule stabilization con-

trols scar formation and axon growth. However, the action of mi-

crotubule stabilization on these processes has remained unclear. Here,

systemic and post-injury administration of a blood-brain barrier
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permeable microtubule stabilizing drug, epothilone B, decreased

scarring in spinal cord injured rodents by disrupting cell polarity of

meningeal fibroblasts, which abrogated directed cell migration. Fur-

ther, epothilone B propelled axon growth through an inhibitory en-

vironment by enabling microtubule protrusion into the axon tip.

Finally, epothilone B treatment improved walking disabilities after

spinal cord injury. As epothilones received recently clinical approval,

they hold promise for clinical translation in enabling axon regenera-

tion and functional recovery after CNS injury.
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OXIDATIVE STRESS PROTECTION BY APOCYNIN AND

ALLOPURINOL IN FOREBRAIN ISCHEMIA/REPERFUSION

RATS

Masaki Todani, Motoki Fujita, Yasutaka Koga, Takashi Nakahara,

Tadashi Kaneko, Kotaro Kaneda, Yoshikatsu Kawamura, Yasutaka

Oda, Ryosuke Tsuruta

Advanced Medical Emergency and Critical Care Center, Yamaguchi

University Hospital

Free radical plays a central role in ischemia/reperfusion injury as an

initiator of endothelial activation and early inflammation. To suppress

the cascade of free radical might decrease the inflammatory response

after ischemia/reperfusion. Nicotinamide adenine dinucleotid phos-

phate (NADPH) oxidase and xanthine oxidase (XO) are the main

sources of free radicals caused by ischemia/reperfusion injury. This

study examined the effects of either apocynin or allopurinol alone, and

their combinational therapy on the oxidative stress, endothelial injury,

and early inflammation. Adult male Wistar rats were randomly as-

signed to four experimental groups: a control group, an apocynin

group (30 mg/kg), an allopurinol group (100 mg/kg), an apocynin

(30 mg/kg) and allopurinol (100 mg/kg) group. The rats in each group

(n = 7) received designated agents or its vehicle delivered intraperi-

toneally one hour before forebrain ischemia. Under mechanical ven-

tilation, forebrain ischemia was induced for 10 minutes, followed by

reperfusion. At 120 minutes after reperfusion, the blood and brain

were sampled and malondialdehyde (MDA), high mobility group box

1 (HMGB1) and intercellular adhesion molecule-1 (ICAM-1) were

analyzed. In results, MDA levels in plasma and brain were signifi-

cantly lower in the rats administered apocynin and/or allopurinol than

those in the control group. The synergy effect of apocynin and allo-

purinol on MDA suppression was not shown. The similar results were

observed in HMGB1 and ICAM-1 levels in plasma and brain. From

these results, the use of either apocynin or allopurinol attenuated

oxidative stress in ischemia/reperfusion injury, whereas the combi-

national therapy did not show the synergy effects.
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MORTALITY IN ELDERLY PATIENTS WITH MULTIPLE

TRAUMA

Dmitriy Ivakhnenko, Vladimir Pertsov

Zaporozhye State Medical University, Zaporozhye, Ukraine

Reduction of elderly people physiological reserve limits organism

response to traumatic stress and aggravates prognosis. Study the re-

lationship of lethality terms in polytrauma of various severity and

comorbid conditions in age-related aspect. We retrospectively re-

viewed 107 lethal outcomes cases of polytrauma. Two groups of

patients: I - 65 patients under 60 years; II - 42 patients who were older

than 60. Besides, cases were chosen according to lethality terms: up to

2 days, from 3 to 13 days and over 13 days; according to ISS values:

> 16; 16 – 24; > 24. Logistic regression method used for determining

the death risk dependence after 13 days on comorbid conditions. For a

period of 48 hours 22 (33.8%) patients of I group and 9 (21.4%)

patients of II group with ISS > 24 died (p > 0.05). One patient (1.5%)

of I group and 14 (33.3%) of II group with ISS < 16 died after 13th day

(p = 0.01). Nineteen patients of I group (29.2%) and 38 patients of II

group (90,5%) had certain comorbid conditions (p = 0.0001). Thereby

risk of death after second week from the moment of trauma increases

in the presence of premorbid background which is intrinsic to elderly

patients (OR = 2.8; p = 0.04). Mortality in early stage of multiple

trauma has direct relationship with the severity of injury and traumatic

shock and does not depend on comorbid conditions and age of pa-

tients. Elderly patients with mild and moderate trauma have height-

ened risk of late death due to the development of medical

complications.
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COAGULOPATHY AS A PREDICTOR OF EXACERBATION

IN MILD-TO-MODERATE TRAUMATIC BRAIN INJURY

PATIENTS

Yuichi Fujiyama, Eiichi Suehiro, Hiroyasu Koizumi, Hiroshi Yoneda,

Michiyasu Suzuki

University of Yamaguchi, Faculty of Medical Sciences, Department of

Neurosurgery, Yamaguchi, Japan

We have reported before that the acute operation induced by exac-

erbation was required of 9.5%, and outcome was poor at 13.1% of

mild-to-moderate traumatic brain injury (TBI) patients. Therefore

prudent observation is required in even mild-to-moderate TBI patients

after admission. In this study, we have examinated the factors of

aggravation in mild-to-moderate TBI patients. 96 mild-to-moderate

single TBI patients (Glasgow Coma Scale score at admission 9–15)

were admitted to our hospital in the period from September 2008 to

October 2010. Of these, the patients with antiplatelet therapy or an-

ticoagulation therapy were excluded. The 84 patients with mild-to-

moderate single TBI were included in this study. Patients were divited

into two groups (surgery, conservative) based on the performance of

acute surgery induced by exacerbation. Further we divited patients

into favorable outcome (GOS score 4–5) and poor outcome (GOS

score 1–3) based on GOS at discharge. We performed comparison

between each two groups about patients age and blood test results at

admission. Patients of surgery group were 8 (9.5%), and conservative

group were 76 patients (90.5%). PT-INR (1.22 vs 1.02), APTT (37.9

vs 28.6 sec), FDP (112.9 vs 38.2 lg/ml), and D-dimer (69.6 vs

20.4 lg/ml) in surgery group were statistically significant increased

than in conservative group. Further, favorable outcome group were 73

patients (86.9%), and poor outcome group were 11 patients (13.1%).

Age (53.2 vs 73.5 y/o), PT-INR (1.02 vs 1.15), APTT (28.6 vs

36.3 sec), FDP (33.5 vs 112.5 lg/ml), and D-dimer (18.8 vs 67.4

lg/ml) in poor outcome group were statistically significantly in-

creased, and blood platelets (25.8 vs 18.8 104 lg/ml) in poor outcome

group were statistically significantly reduced than in favorable out-

come group.
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BLOCKING P75NTR SIGNAL REDUCES WHITE MATTER

DAMAGE AND AIDS RECOVERY AFTER CONTROLLED

CORTICAL IMPACT BRAIN INJURY

Michael Beattie,1 Sang Mi Lee,1 Amity Lin,1 Jeffrey Sacramento,1

Ernesto Salegio,1 Leda Mannent,2 Marie-Noelle Castel,2 Benoit

Canolle,2 Geoffrey T Manley,1 Jacqueline C Bresnahan1
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1Department of Neurological Surgery, Brain and Spinal Injury

Center, University of California San Francisco, CA, USA
2Sanofi R&D, 1 Avenue Pierre Brossolette, Chilly-Mazarin, France

Traumatic brain injury can lead to progressive damage in white matter

including oligodendrocyte cell death and subsequent demyelination,

resulting long-term sensori-motor and cognitive deficits. Previously,

we reported that oligodendrocytes are vulnerable to apoptotic cell

death and subsequent demyelination through proNGF-p75NTR

signaling after a spinal cord injury (Beattie et al, 2002). Here, we

examine if blocking proNGF-p75NTR signaling prevents oligoden-

drocyte cell death in vitro and after TBI in vivo. We found that

proNGF treatment of oligodendrocyte precursor cell and mature OL

cell cultures results in apoptotic cell death. Treatment with SarA (1,

10, 30, 100, 300 nM), a selective p75NTR antagonist, reduced OPC/

OL cell death by 80–90% compared to untreated cells. In addition,

proNGF treatment increased p75NTR expression on OPC/OL cells,

and this was blocked by SarA. SarA was then tested in vivo by in-

travenous administration (1, 3, 10 mg/kg) in rats with unilateral con-

trolled cortical impacts (5 mm diameter probe, 4 m/s, 2 mm depth,

150 msec dwell time). Rats were dosed at 4 hrs after injury and then

daily for 7 days and euthanized on day 8. Volumetric analyses were

performed using the Stereoinvestigator. TBI significantly reduced

total cortical volume (sham, 3.44 · 1010 um3 vs injury + vehicle,

2.46 · 1010 um3), and, white matter volume (sham, 7.45 · 109 um3 vs

injury + vehicle, 5.56 · 109 um3). SarA prevented white matter tissue

loss (vehicle, 5.56 · 109 um3 vs Sar127963, 7.36 · 109 um3). In ad-

dition, SarA treatment enhanced tissue sparing and recovery of paw-

placement in the cylinder test in a dose-dependent manner. Our

findings suggest p75NTR is a possible therapeutic intervention

for TBI.
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EEG NEUROFEEDBACK THERAPY: CAN IT ATTENUATE

BRAIN CHANGES IN TBI?

Ashok Munivenkatappa, Jamuna Rajeswaran, Bhagavatula Indira

Devi, Niranjana Bennet, Neeraj Upadhyay

National Institute of Mental Health and Neurosciences (NIMHANS),

Bangalore, India

EEG Neurofeedback (NFB) therapy has several potential beneficial

effects in terms of improving cognition and electrophysiological

regulation among patients with brain injury. However, in vivo struc-

tural and functional changes remain less studied or less explored

The aim of the present study is to explore EEG NFB induced in vivo

changes in TBI patients.

Two TBI patients with mean age of 15 years and with mean GCS

score of 10 indicating moderate head injury with more than seven post

concussion symptoms and poor cognitive performances ( < 5 percen-

tile) were subjected to 20 sessions of EEG NFB training. The neu-

ropsychological test scores, post concussion symptoms and MRI scan

of the brain were recorded pre-post EEG NFB.

During EEG-NFT the cognitive scores and concussion symptoms

improved significantly (p < 0.05). The EEG NFB has shown signifi-

cant increase in cortical grey matter (GM) volumes (p < 0.0001) and

fractional anisotropy (FA) of cortical white matter (WM) tracts

(p < 0.0001, voxel max 60 and above). There was a significant de-

crease in global, local efficiency, cost and Clustering coefficient of

functional connectivity (Wilcoxon Sign Rank Test p < 0.05). Inter-

estingly there was a significant increase in thalamo-cortical connec-

tion (increase FA value) after EEG NFB therapy.

The EEG NFB therapy has shown significant changes in structural and

functional connectivity among moderately injured TBI patients.
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LESSONS IN CRITICAL CARE RESEARCH FROM A

GLOBAL PHASE 3 TRIAL OF PROGESTERONE IN PA-

TIENTS WITH SEVERE TRAUMATIC BRAIN INJURY (sTBI)

Neta R Nelson

VP Project Management & Operations Besins Healthcare/BHR

Pharma, LLC affiliate

BHR-100 progesterone i.v. infusion is being studied as a potential neu-

roprotectant for severe TBI. The SyNAPSe Phase 3 placebo-controlled

randomized clinical trial was conducted in 21 countries on patients with

severe TBI (Glasgow Coma Scale 3–8). Enrollment was completed,

overcoming numerous challenges in clinical trial research in the critical

care environment. Sites were selected based on patient potential and

standardized care according to Brain Trauma Foundation or equivalent

treatment guidelines. Centralized review of CT scans, Glasgow Outcome

Scores (GOS), and protocol compliance was conducted. Subjects re-

quired proxy consent to enter the study and were randomized in a 1:1

ratio to BHR-100 or placebo. The study drug infusion must have been

initiated within 8 hours of brain injury, and administered for 120 con-

tinuous hours. Patient follow-up continues to 6-months post-injury, or

death if earlier. Nearly 1200 subjects were randomized in 36 months.

Most sites were able to overcome challenges of the 8-hr treatment

window and enroll at least one patient. Successful sites had organized

study teams and adequate resources, with at least one study ‘champion’.

Training or experience in emergency consent was essential, as well as

thorough knowledge of all study assessments to ensure protocol com-

pliance and data quality. Rigorous follow-up and site and patient support

was needed to collect the primary endpoint (GOS). The sponsor oversaw

three CROs, three central services, and over 150 centers to conduct the

trial. Completion of the SyNAPSe trial provides lessons for planning of

future TBI or other critical care trials.
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PATIENT CHARACTERISTICS IN SyNAPSe, A GLOBAL

PHASE 3 TRIAL OF PROGESTERONE IN PATIENTS WITH

SEVERE TRAUMATIC BRAIN INJURY (STBI)

Neta R Nelson

VP Project Management & Operations Besins Healthcare/BHR

Pharma, LLC Affiliate

BHR-100 i.v. progesterone is a promising potential neuroprotectant

for severe TBI, based on preclinical and clinical evidence. SyNAPSe

is a Phase 3 placebo-controlled randomized clinical trial conducted in

21 countries on patients with severe TBI. This presentation summa-

rizes key characteristics of the patient population enrolled into the

trial. Subjects entered the study following proxy consent, and were

centrally randomized in a 1:1 ratio of BHR-100 or placebo. Subjects

were treated with study drug as continuous i.v. infusion for 120 hours,

initiated within 8 hours of injury. The primary endpoint is the Glas-

gow Outcome Scale (GOS) assessed at 6-months post-injury, or death

prior to 6 months. Secondary endpoints include the GOS-Extended,

mortality, and the SF-36. Enrollment of 1180 patients was completed

at nearly 150 participating centers. Three quarters of patients were

male. Ages ranged from 16 to 70, with most being less than 50 years

of age; 42% were 30 or less. Patients with Glasgow Coma Scale

(GCS) 3–8 were included. Most patients were enrolled in the latter

half of the 8-hour treatment window. Causes of TBI included motor

vehicle accidents, falls, and assaults. Data are presented on GCS

scores, timing of study enrollment, and hours from injury to

randomization. Gender differences are also examined. Based on the
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patient demographics and baseline criteria, the study population was

similar to that used as a baseline model for the study design (IMPACT

database). If successful, BHR-100 may become the first approved

drug in the acute treatment of sTBI patients.
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ANIMAL MODELS OF PEDIATRIC TRAUMATIC BRAIN

INJURY

Susan S Margulies

Department of Bioengineering, University of Pennsylvania,

Philadelphia, PA, USA

Animal models are used as surrogates for understanding mechanisms of

traumatic brain injuries (TBIs) in humans, including understanding the

biomechanics factors associated with tissue injuries and the cascade

physiological, functional and pathological responses at prescribed time-

points after injury. Although they are our best substitute for humans, there

are four challenges in using animal models to understand TBIs in chil-

dren. First, fidelity in the metrics and methods used to assess responses in

animals may not be analogous to those used in humans. Second, animal

models should mimic the injuries observed in children, yet most brain

injury models create focal hemorrhagic cortical lesions caused by direct

impact to the skull or exposed brain, while the human TBI is more

commonly associated with distributed white matter alterations, with or

without focal lesions. Third, most TBI models use adult animals and,

given the alterations in the metabolism, cerebral blood flow, synaptic

density, myelination and functional organization during development,

applications of adult animal models to the child should be made with

caution. Finally, the rodent and murine animal models are the most

commonly used models for TBI, but recent reports indicate that these

species may have limited fidelity to human responses, injury time-cour-

ses, and anatomy, underscoring the importance of utilizing immature

large animal models to complement rodent studies. In summary, animal

models provide a valuable platform for determining how head move-

ments and impacts may produce a spectrum of brain injuries, for devel-

oping novel injury intervention strategies, and for testing new therapies.
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REPETITIVE MILD TRAUMATIC BRAIN INJURIES

Mayumi L Prins

UCLA David Geffen School of Medicine, Department of

Neurosurgery, Los Angeles, CA, USA

Among the 2.3 million annual new head injury cases is a growing sub-

population of children and young adults who experience repeat trau-

matic brain injury (RTBI) with consequent long-term behavioral and

cognitive dysfunction. Repeat TBI is a growing problem for children,

teens and young military personnel and occurs during a time of on-

going cerebral development. Much of the epidemiological data has

been obtained from sports activities where repeat concussions fre-

quently occur. Several of these small-scale studies estimate the inci-

dence of RTBI to range between 5.6–34.9% of the annual TBI cases.

The national incidence of RTBI per age group and gender has not

been acquired. While the exact rates of RTBI may remain unclear, it is

known that the risk for subsequent TBI increases with the number of

previous concussions and with age (Annegers, 1980). The increased

national awareness of concussions and repeat concussions necessitates

more research to address the many unanswered questions. In addition

to parameters such as age, gender, injury severity and recovery pro-

files, RTBI studies must incorporate injury number, locations, inter-

vals and duration of vulnerability. With these considerations in mind,

this review will discuss the current experimental models of RTBI,

specifically addressing findings in anatomical pathologies, behavioral

deficits, metabolic alterations, pituitary dysfunction and the evidence

for long-term consequences.
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LIFETIME PERSPECTIVE ON HEAD INJURY

Thomas A Gennarelli

Medical College of Wisconsin, George Washington University

This clinician researcher has witnessed a revolution of information

and innovation regarding head trauma. Insights into the mechanisms

by which mechanical energy affects the nervous system has now run

the geometric scale from genetic to whole brain populations.

When my journey in neurotrauma began in the 1970’s, we had only

indirect measures of anatomical or physiological changes (cerebral

angiography, ICP, JVO2) and classification systems were just begin-

ning to be used (GCS, focal vs. diffuse injuries, AIS, ICD).

Later, injuries were detected more directly with CT, CBF, Tc99,

SPECT and PET and later still with better clinical resolution (MRI).

Now we have evolved to utilize sophisticated high resolution tools

(SWI, DTI, fMRI, FA, connectivity). These diagnostic improvements

allowed more precise diagnoses and more rational treatment.

Collaboration with trauma surgeons improved pre-hospital care,

classification of multiple injuries and comparison of outcomes be-

tween centers. Coupled with neurosurgical intensive care units staffed

by neuro-intensivists and neuro-nurses, the mortality of the severely

brain injured markedly decreased.

Pre-clinical research increased logarithmically as neuroscientists be-

came involved alongside of what was traditionally principally a

neurosurgical research venue. Largely unsuccessful clinical trials of

neuroprotective agents taught us much about how to conduct these

trials for the future.

Currently, there is a trend to emphasize less severe injury with

struggles to define this end of the TBI spectrum and to define its

homogeneous groups.

Most importantly, TBI has been transformed from an entity that only a

few cared about to a visibility that every citizen confronts daily.
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SPREADING DEPOLARIZATIONS: MONITORING A NEU-

RONAL PATHOPHYSIOLOGIC PROCESS IN TRAUMATIC

BRAIN INJURY

Jed A Hartings

Department of Neurosurgery, University of Cincinnati (UC)

Neuroscience Institute, UC College of Medicine, Cincinnati, OH, USA

Decades of electrophysiologic studies in ischemic stroke have estab-

lished a framework for understanding the development of cortical

lesions based on the phenomenon of spreading mass neuronal depo-

larizations. These slow (1–5 mm/min) waves in cerebral cortex ex-

pand damage through energy depletion, microvascular constriction,

and excitotoxicity. Although spreading depolarizations scarcely occur

in rodent models of traumatic brain injury (TBI), there is now firm

evidence that they occur abundantly in severe clinical TBI and may

serve as a basis for real-time monitoring and therapeutic targeting.

Surgical patients monitored with subdural electrodes have a *55%

incidence of depolarizations, and patterns very widely from occa-

sional events to continuous, repetitive events causing prolonged

(hours to days) silencing of cortical activity – a state analogous to

ischemic penumbra. The first series of 103 patients showed that such
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isoelectric spreading depolarizations carry an independent 7-fold

higher risk of poor outcomes, and larger cohorts hold promise to

identify further criteria for more refined risk stratification. It is un-

known to what degree spreading depolarizations may occur in non-

surgical patients, including moderate and mild TBI. However, the use

of depth electrodes for minimally invasive monitoring through a burr

hole is currently being evaluated. Furthermore, a high percentage of

spreading depolarizations have correlates in continuous scalp EEG

recordings, raising hope that non-invasive monitoring may be possi-

ble, particularly with the aid of quantitative techniques. Thus, with

further study, spreading depolarizations may provide a basis for ap-

plication of precision medicine principles by allowing therapeutic

targeting of a monitored neuronal pathomechanism.
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FUNCTIONAL MRI IN TBI

Emmanuel A Stamatakis

Division of Anaesthesia, University of Cambridge, UK

Advances in magnetic resonance imaging (MRI) have improved the di-

agnostic process in patients with traumatic brain injury (TBI). Structural

images have been traditionally used to assess brain damage although

recently functional MRI (fMRI) has been gaining ground in the assess-

ment of TBI. At the acute stage, resting state fMRI provides valuable

information on the patients’ degree of consciousness. Indices of func-

tional connectivity, especially of the default mode network, have been

shown to correlate with levels of consciousness. At the chronic stage of

TBI, task fMRI has advanced our understanding of disorders of con-

sciousness by demonstrating that some patients are able to process stimuli

in a more complex manner than previously thought possible. Patients who

recover are likely to suffer from neuropsychological sequelae such as loss

of memory and personality changes. The neural bases of these changes

have traditionally been investigated using neuropsychological testing and

structural MRI. However, it is not atypical for patients who perform

poorly on neuropsychological assessments to have normal structural MRI

scans. fMRI is helping to disambiguate this phenomenon by revealing the

exact neural mechanisms underlying neurocognitive deficits following

TBI. Furthermore, task fMRI is being used to evaluate the efficacy of drug

treatments in chronic patients. My talk will explore traditional experi-

mental paradigms and analysis of fMRI data as well as analysis methods

and paradigms that are changing the way we understand TBI. By eluci-

dating the precise nature of the injury we may help more focused reha-

bilitation interventions.
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NON-INVASIVE ICP MONITORING

Marek Czosnyka

Neurosurgical Unit, University of Cambridge Department of Clinical

Neurosciences, UK

Continuous non-invasive ICP is considered as the Holy Grail in multi-

modal brain monitoring. Many innovative techniques were proposed for

snap-shot measurement rather than monitoring, like Ragauskas’ double

depth insonation of ophthalmic artery, the ocular nerve sheath diameter

assessment, tympanic membrane displacement, MRI cerebral volume

accounting. Monitoring transcranial Doppler (TCD) techniques are

available, but long-term good quality middle cerebral artery insonation is

non-feasible. Recording is limited to few-hours periods on each day or

twice a day (intermittent monitoring). Few methods based on physio-

logical models or ‘black box’ structures are described in a literature, with

overall accuracy of ICP estimation around + / - 12 mmHg. Better results

can be achieved for non-invasive detection of increased ICP dynamics

like frequency and duration of ICP plateau waves. Distinction between

normal ICP (below 15 mm Hg) and increased ICP (above 30 mmHg) can

be done with a good predictive power (usually above 80%). In contrast,

the TCD derived Pulsatility Index is not a good estimator of ICP, with

95% confidence limit for prediction in TBI being as large as 25–30 mm

Hg. Pulse waveform of ICP is easier detectable than mean ICP. Methods

based on rheoencephalography, ultrasound based time-of-flight, or skull

deformation can be considered. This way, secondary indices describing

cerebrospinal compensation (like the RAP index- correlation coefficient

between pulse amplitude and mean ICP) and pressure–reactivity index

(PRx) may be assessed non-invasively. Particularly for non-invasive

evaluation of PRx, the use of Near Infrared Spectroscopy indices based on

the calculated total hemoglobine value is promising.
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QUANTIFYING PAROXYSMAL SYMPATHETIC HYPER-

ACTIVITY IN TRAUMATIC BRAIN INJURY

Holly Hinson, Brittney Brown, Ian Baguley, Martin Schreiber, and the

International PSH Consensus Group

Oregon Health & Science University, Portland, OR, USA

Paroxysmal sympathetic hyperactivity (PSH) is characterized by epi-

sodic, hyperadrenergic alteration in vital signs after traumatic brain injury

(TBI). A reproducible PSH severity scale could provide clinicians with a

method of quantifying PSH. A prospective cohort of consecutive TBI

patients (GCS £ 12) were enrolled and monitored for evidence of PSH.

PSH was defined as a paroxysm of 3 or more of the following charac-

teristics: (1) tachycardia, (2) tachypnea, (3) hypertension, (4) fever, and

(5) dystonia (rigidity or posturing) (6) diaphoresis, with no other obvious

causation. The ‘‘Clinical Feature Severity Scale’’ (CFSS), was applied to

each participant once daily for 5 days, calculated from the most deranged

set of vitals recorded in that 24-hour period. Pre-defined ranges of each of

the vitals were assigned point values on an ordinal scale. 105 patients were

enrolled, 12 of whom met criteria for PSH. Maximum CFSS scores were

higher in the PSH group (10 [7–11] v. 7 [6–9], P < 0.01). Mean ICU length

of stay (20 – 12 days v. 8 – 7 days, P = < 0.01) and hospital length of stay

(39 – 23 days v. 16 – 15 days, P = 0.03) were longer in the PSH group.

When controlling for age, GCS, and APACHE II score, maximum CFSS

scores were predictive of ICU length of stay (t = 2.9, 95% CI: 0.4–2.1,

P < 0.01) and hospital stay (t = 3.2, 95% CI: 1.0–4.6, P < 0.01), despite

PSH status. This study provides the first, preliminary evidence that CFSS

score may be predictive of increasing length of stay and might be used to

guide future therapies.
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ELEVATED INTRACRANIAL PRESSURE AND IMPAIRED

BRAIN METABOLISM CORRELATE WITH FATAL OUT-

COME AFTER SEVERE BRAIN INJURY

Martin Bolcha,1 Aleš Hej�cl,1 Jan Procházka,2 Eva Hušková,2

Martin Sameš1

1Neurosurgical Department, J. E. Purkinje University, Masaryk

Hospital, Ústı́ nad Labem, Czech Republic
2Neurointensive Care Unit, Anesthesiology Department, Masaryk

Hospital, Ústı́ nad Labem, Czech Republic

New brain tissue monitoring techniques (tissue oxymetry, micro-

dialysis) provide direct information about the state of brain oxygenation

and brain metabolism in patients with severe traumatic brain injury

(TBI). Despite this information being limited to a small region of brain

surrounding the probes, it could be associated with such global pa-

rameters as the clinical outcome. To study the predictive value of

monitoring brain oxygenation and metabolism on clinical outcome in

patients in the acute phase of severe TBI. A prospective observational

study of 20 patients with severe TBI was undertaken, utilizing intra-

cranial pressure (ICP), brain tissue oxygenation and brain metabolism

monitoring. We correlated the clinical outcome of the patients with the

following parameters: ICP, brain tissue oxymetry (PbtO2), glucose and

glycerol levels, and the lactate/pyruvate (LP) ratio. Further, we analyzed

the relationship between ICP, PbtO2 and the metabolism parameters.

We found a correlation of the mean ICP, the LP ratio and glycerol with

the clinical outcome. High ICP correlated with both a high LP ratio and

also an elevated glycerol, while low PbtO2 correlated with a high LP

ratio High ICP, an elevated mean LP ratio and high glycerol concen-

trations in the acute phase predict fatal outcome 6 months after TBI.
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ENVIRONMENTAL ENRICHMENT RESTORES ATTEN-

TIONAL SET-SHIFTING AND BEHAVIORAL FLEXIBILITY

AFTER CONTROLLED CORTICAL IMPACT INJURY IN

MALE RATS

Corina O Bondi, Jeffrey P Cheng, Heather M Tennant, Naima Lajud,

Christina M Monaco, Jacob Leary, Anthony E Kline

Physical Medicine & Rehabilitation, Safar Center for Resuscitation

Research, Center for Neuroscience, Center for the Neural Basis of

Cognition, Psychology, Critical Care Medicine, University of

Pittsburgh, Pittsburgh, PA, USA

Cognitive impairment associated with prefrontal cortical dysfunction

is a major component of disability in traumatic brain injury (TBI)

survivors. Specifically, deficits in executive function and behavioral

flexibility are present across all injury severities. While impairments

in spatial learning have been extensively reported, experimental

models of TBI investigating more complex cognitive disabilities are

relatively scarce. To expand on this important issue, we have begun to

employ the attentional set-shifting test (AST), which is novel to ex-

perimental TBI. The AST involves a series of increasingly difficult

discriminative tasks to obtain food reward, including simple and

compound discriminations, stimulus reversals, and intra- and extra-

dimensional (ED) shifts. In a previous study, we demonstrated that a

controlled cortical impact (CCI) injury (2.8 mm cortical deformation

depth at 4 m/s) produced significant impairments in executive function

and cognitive flexibility in the AST, tested at 4 weeks post-surgery.

The current study evaluated whether environmental enrichment (EE),

a preclinical model of neurorehabilitation, would restore cognitive

performance post-injury. Our EE paradigm consisted of increased

living space, complex stimuli and social interaction and has consis-

tently been shown to facilitate spatial learning and memory retention,

as well as provide histological protection after CCI. Thirty-one iso-

flurane-anesthetized male rats received a CCI or sham injury and then

were randomly assigned to two TBI and two sham groups that were

further divided into EE and standard (STD) housing (n = 6–10/group).

Cognitive performance in the AST was assessed at 4 weeks post-

surgery. The data showed that TBI impaired ED set-shifting and

stimulus reversal learning and increased total response errors and set

loss errors (i.e., after 50% or more of the contingency rule has been

achieved), which replicated previous findings from our laboratory.

Moreover, the data revealed that EE significantly attenuated the det-

rimental effects of TBI on cognitive performance in the AST, sug-

gesting that EE may be a viable preclinical model of cognitive

rehabilitation. These novel findings demonstrate that executive func-

tion and behavioral flexibility deficits in our CCI model are sensistive

to the beneficial effects of EE. Ongoing studies are evaluating phar-

macological and cognitive rehabilitation therapies as a clinically rel-

evant combinational paradigm, as well as elucidating mechanisms

underlying the neuropsychological deficits.
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MANIPULATING INITIATION TIME AND DURATION OF

ENVIRONMENTAL ENRICHMENT EXPOSURE AFTER

TRAUMATIC BRAIN INJURY TO MORE ACCURATELY

MIMIC CLINICAL REHABILITATION

Vincent V Mattiola, Jacob B Leary, Anna M Greene, Kimiya

Memarzadeh, Jeffrey P Cheng, Christina M Monaco, Roya Tehranian-

DePasquale, Corina O Bondi, Anthony E Kline

Physical Medicine & Rehabilitation, Safar Center for Resuscitation

Research, Center for Neuroscience, Center for the Neural Basis of

Cognition, Psychology, Critical Care Medicine, University of

Pittsburgh, Pittsburgh, PA, USA

Environmental enrichment (EE) consists of increased living space,

complex stimuli, and social interaction that promotes exploration and

confers improvements in behavioral outcome and histopathology after

experimental traumatic brain injury (TBI) vs. standard housing.

However, as a model of rehabilitation, continuous EE is not clinically

relevant due to the timing parameters of the typical EE and thus

translatability could be limited. Specifically, TBI patients typically

receive rehabilitation only after critical care has been provided and

then only for 3–6 hours per day. Thus, to mimic the clinic, the goal of

this study was to determine whether delaying EE by three days and

providing only six hours per day would provide benefits similar to

continuous EE. To address this rehabilitation relevant issue, iso-

flurane-anesthetized male rats were subjected to a controlled cortical

impact or sham injury and randomly assigned to TBI+EE (con-
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tinuous), TBI + EE (3 day delayed, 6 hr day), and respective sham

controls. Motor function (beam-balance/beam-walk) was assessed on

post-operative days 1–5. Spatial learning/memory (Morris water

maze) was evaluated on days 14–19. The data showed that EE, re-

gardless of timing, improved motor and cognitive function compared

to STD housing ( p < 0.0001). Moreover, there were no differences

between the TBI + EE (continuous) and TBI + EE (3 day delayed, 6 hr

day), p > 0.05. These data demonstrate that delayed and abbreviated

EE produces motor and cognitive benefits similar to continuous EE

after TBI and thus further supports EE as a preclinical model of

neurorehabilitation. Ongoing studies are evaluating the effects of

longer delays in implementing EE after TBI.
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APOLIPOPROTEIN E PROPERTIES AS THE BASE OF DE-

VELOPMENTS IN THERAPEUTICS FOR TRAUMATIC

BRAIN INJURY

Vadym Biloshytsky, Serhiy Mikhalsky, Nina Gridina, Lyudmyla

Tsyba, Tetyana Kvitnitskaya-Ryzhova, Eugene Pedachenko

Romodanov Institute of Neurosurgery, Neurotrauma Department. Kyiv,

Ukraine D.F. Chebotarev State Institute of Gerontology, Morphology

and Cytology Department. Kyiv, Ukraine Institute of Molecular Biology

and Genetics, Functional Genomics Department, Kiev, Ukraine

Apolipoprotein E (APOE, gene; apoE, protein) is widely synthesized in the

brain in response to injury being involved in the redistribution of choles-

terol from cells during membrane synthesis, as well as neuritic growth and

branching. According to current literature, apoE exerts its neuroprotective

effects through normalization of lipid component of neural cells, regula-

tion of glial reactions and CNS inflammatory response to injury, antioxi-

dant protection, regulation of cell death mechanisms, expression of other

genes and genomic response in the neural tissue to its diseases and injuries.

In our experiment, rat hippocampus exhibited prominent delayed sec-

ondary damage after weight drop TBI including neuronal loss with pres-

ence of apoptotic-like neurons, reactive astrogliosis, microglial activation,

mitochondrial damage, brain edema, diffuse axonal injury and damage to

myelin fibers. Injured rats displayed significant deficits in spatial acqui-

sition and working memory accompanied by increased anxiety-like be-

havior. Cationic liposome-mediated APOE3 gene transfer by means of

intraventricular infusion significantly prevented the evolution of second-

ary hippocampal injury, as well as improved spatial memory, learning,

searching behavior and emotionality. Other authors have shown that small

peptide molecules derived from the apoE receptor binding region can

traverse blood-brain barrier after intravenous administration and improve

functional and morphological outcomes in mice with TBI (Hoane et al.,

2007; Laskowitz et al., 2007). The similar data were obtained in a rat

model of focal brain ischemia (Tukhovskaya et al., 2009). Taken together,

these data suggest that the new approaches to the treatment of TBI may be

based on the unique set of apoE molecular and biological properties.
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THE AUSTRIAN PROJECT. IMPROVEMENT OF PRE-

HOSPITAL AND EARLY HOSPITAL CARE OF TBI PATIENTS:

GOAL AND METHODS OF THE STUDY

Walter Mauritz,2,3 Marek Majdan,1,2 Alexandra Brazinova1,2

1Dept. of Public Health, Fakulty of Health Care and Social Work,

Trnava University, Slovakia
2International Neurotrauma Research Organisation, Vienna, Austria
3Trauma Center ‘‘Lorenz Boehler’’, Vienna, Austria

Earlier evidence in management of traumatic brain injury (TBI) patients

shows that early care is most important. The objectives of this study were

(1) to analyze current state of early TBI care in Austria

(2) to define areas for improving outcomes using comparative

effectiveness research

(3) to implement the proposed changes

(4) and to analyze the effect of the implemented changes.

16 Austrian centers participated in the study. Between 2009 and 2012 all

patients with Glasgow Coma Scale score < 12 and/or AIS head > 2 were

enrolled. Demographic data, data on treatment and outcomes (hospital

mortality, 6-month extended Glasgow Outcome Scale score) was col-

lected in 2 phases. In the first phase data on 448 patients was collected and

analyzed. The IMPACT extended prognostic model was used to estimate

expected outcomes. The ratio between observed and expected outcomes

(O/E ratio) was calculated for all treatment options. Treatment options

that were associated with O/E ratios < 1 were selected for a set of rec-

ommendations. Main recommendations included direct transport to ap-

propriate center, prehospital monitoring of pulse oximetry, blood

pressure and capnography (in ventilated patients), maintaining normo-

ventilation, avoidance of Ringer’s lactate solution in prehospital fluid

resuscitation, start of first CT scan within 60 minutes, and start of neu-

rosurgery (when indicated) within 120 minutes after hospital arrival.

After the implementation of the recommendations data on 330 patients

was collected and analyzed in the second data collection phase. Finally,

the impact of the recommendations on patient outcomes was assessed.
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SURVIVAL WITH SEVERE DISABILITY: THE ISSUE OF

RETROSPECTIVE CONSENT

Stephen Honeybul, Kate Kruger, Courtney Janzen, Kwok Ho

Sir Charles Gairder and Royal Perth Hospitals

To assess the long-term outcome and quality of life of patients who

have survived with severe disability following a decompressive cra-

niectomy for severe traumatic brain injury (TBI). This study assessed

outcome beyond three years amongst a cohort of thirty nine patients

who had previously been adjudged either severely disabled or in veg-

etative state, 18 months after decompressive craniectomy for TBI. The

issue of retrospective consent for surgery was also assessed. Of the

thirty nine patients, seven had died and twenty patients or their next of

kin consented to participate. Of those twenty patients, the five patients

who were in vegetative state at 18 months remained so beyond three

years and the remaining 15 patients remained severely disabled after a

median follow-up period of 5 years. The patients’ average daily activity

(Pearson correlation coefficient [r] = - 0.661, p = 0.01) and SF-36

physical score (r = - 0.543, p = 0.037) were inversely correlated with the

severity of TBI. The mental SF-36 scores of the patients were, however,

reasonably high (median 46, interquartile range 37–52). The majority of

patients and their next of kin felt that they would have provided ret-

rospective consent for surgical decompression even if they had known

their eventual outcome. Substantial physical recovery beyond 18-month

after decompressive craniectomy for severe TBI was not observed

however, many patients appeared to have recalibrated their expectations

regarding what they felt to be an acceptable quality of life.

36

DECOMPRESSIVE CRANIECTOMY FOR SEVERE TRAU-

MATIC BRAIN INJURY: ETHICAL CONSIDERATIONS

Stephen Honeybul, Grant Gillet, Kwok Ho

Sir Charles Gairdner and Royal Perth Hospital

In all fields of clinical medicine there is an increasing awareness that

outcome must be assessed in terms of quality of life and cost effec-
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tiveness rather than merely length of survival. This is especially the

case when considering decompressive craniectomy for severe trau-

matic brain injury. The procedure itself is technically straightforward

and involves temporarily removing a large section of the skull vault in

order to provide extra space into which the injured brain can expand.

A number of studies have demonstrated many patients go on to make

a good long-term functional recovery, however, this is not always the

case and a significant number survive but are left with severe neu-

rocognitive impairment. Unfortunately many of these patients are

young adults who were previously fit, and well and are therefore likely

to spend many years in a condition that they may feel to be unac-

ceptable and this raises a number of ethical issues regarding consent

and resource allocation. In an attempt to address these issues we have

used the analytical framework proposed by Jonsen that requires sys-

tematic consideration of medical indications, patient preferences,

quality of life and contextual features.

37

THE AUSTRIAN PROJECT IMPROVEMENT OF PRE-

HOSPITAL AND EARLY HOSPITAL CARE OF TBI

PATIENTS RESULTS OF THE STUDY

Walter Mauritz,1,2 Alexandra Brazinova,1,3 Marek Majdan1,3

1International Neurotrauma Research Organisation, Vienna, Austria
2Trauma Center ‘‘Lorenz Boehler’’, Vienna, Austria
3Dept. of Public Health, Faculty of Health Care and Social Work,

Trnava University, Slovakia

The goal of the project was to improve outcomes of patients with

TBI by improving prehospital and early hospital care. Patients in the

first (n = 448) and the second (n = 330) data collection phases were

comparable; demographic data and injury severity were not differ-

ent. Recommended treatment changes were implemented success-

fully. Compared to phase 1, prehospital intubation was associated

with better outcomes (mortality 27 vs. 36%), there was a lower rate

of hyperventilation (17 vs. 46%) and a higher rate of hypoventilation

(36 vs. 10%), pulse oximetry was used more frequently (87 vs. 82%

of all patients), and capnography was used more frequently (91 vs.

60% of all ventilated patients). CT scans were done faster, and more

patients had thrombelastometry (TEM). These changes lead to sig-

nificant improvement of patient outcomes. In phase 1, mortality was

31.8% (11% higher than expected), 79% of the survivors had fa-

vorable outcome, and 11 patients with expected unfavorable out-

comes had good outcomes. In phase 2, mortality was 26.5% (20%

lower than expected), 77% of the survivors had favorable outcome,

and 50 patients with expected unfavorable outcomes had good out-

comes.

The new guidelines were successfully implemented leading to better

prehospital management, especially by ambulance teams, increased

use of capnography, better prehospital ventilation, and increased use

of TEM. Compliance with the new guidelines was associated with

lower mortality and a comparable rate of good outcome in survivors.

38

DOPAMINE TRANSPORTER EXPRESSION IN THE BRAIN

FOLLOWING TRAUMATIC BRAIN INJURY AND RE-

STRAINT STRESS IN A MOUSE MODEL

Kazuhiko Kibayashi, Ryo Shimada

Department of Legal Medicine, School of Medicine, Tokyo Women’s

Medical University

An association between trauma and neurological degenerative

diseases, including post-traumatic Parkinson’s syndrome, has been

suggested. Disruption of dopamine homeostasis in the dopaminer-

gic neurons in the midbrain is the primary mechanism of Parkin-

son’s syndrome. Because patients with brain injury are frequently

under substantial stress due to multiple injuries or complications,

we hypothesized that dopamine transporter (DAT) expression will

change in the midbrain following traumatic brain injury (TBI) and

restraint stress. We examined time-dependent changes in the DAT

in the midbrain after TBI and restraint stress by using a mouse

controlled cortical impact (CCI) model. Mice were subjected to

restraint stress for 14 hours at 1, 4, 7 and 14 day after CCI. A

monoclonal antibody for DAT was used for immunohistochemistry.

The numbers of DAT immunoreactive neurons in the retrorubral

field (RRF) of the midbrain were counted and compared among the

sham and the mice with CCI or restrain stress or both. In the mice

with CCI, the numbers of immunoreactive neurons in the RRF

significantly decreased at 14 days after trauma. In the mice with

CCI and restraint stress, the numbers of immunoreactive neurons in

the RRF significantly decreased at 7 and 14 days after trauma.

These findings indicate that TBI and restraint stress inhibit DAT

expression at 7 days following trauma. Because DAT pumps do-

pamine out of the synapse back into the cytosol and maintains

dopamine homeostasis, the decreased expression of DAT after TBI

and restraint stress may result in decreased dopamine neurotrans-

mission in the brain.
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EPIDEMIOLOGIC ANALYSIS OF PATIENTS WITH SEVERE

TRAUMATIC BRAIN INJURY IN SHIRAZ, IRAN; 2011–2013

Hosseinali Khalili, Nima Derakhshan

Shiraz Neurosciences Research Center, Neurosurgery Department,

Shiraz University of Medical Sciences, Shiraz, Iran

Traumatic brain injury (TBI) remains the leading cause of mortality

and morbidity worldwide. With changes in demographic status,

improvements in technology and introducing novel medical and

surgical guidelines for management of TBI patients, regular evalu-

ation of epidemiological profiles, injury severity classification, and

outcomes are required. A form was designed to record demographic

data, trauma event history and TBI-related variables such as GCS,

pupils, brain CT findings, vital signs, arterial blood gas results, and

final GOSE after 6 months follow-up. From March 2010 till June

2012 all Patients with severe TBI admitted in Shahid Rajaee hospital

affiliated to Shiraz University of Medical Sciences, Shiraz, Iran

was reviewed. Available data were filled within the mentioned

forms and then transferred to SPSS 16 software for analysis. Of 681

patients with TBI who had GCS £ 10, 98 (14.4%) were female and

583 (85.6%) were male. The most frequent mechanism of trauma

was motor-vehicle accident (MVA) (65%) followed by pedestrian

(17.3%), fall (12.3), and assault injuries (5%). Mean age ( – SD) of

our patients was 36.1( – 18) years with 68% were young ( £ 40 y),

17.6% Middle-aged (40–59), and 14.1% Old ( ‡ 60). Six-months

GOSE score of these patients, which shows 80% of our patients, had

favorable outcome (GOSE > 4) with 41% full recovery (GOSE =
7&8). Shahid Rajaee trauma center which was one of the largest

referral trauma centers in southern Iran has achieved similar favor-

able outcomes as other trauma centers worldwide which had pre-

sented their epidemiologic data.
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FOLLOWING NEUROTRAUMA, ACUTE PHASE S100B DOES

NOT PREDICT FUNCTIONAL OUTCOME BUT A LONG-

TERM S100B RELEASE SUGGESTS A PARTICIPATION IN

NEUROREGENERATION

Sibylle Leichtl,1 Christoph Lang,2 Hans Parsch,3 Michael

Buchfelder,1 Andrea Kleindienst1

1Dept. of Neurosurgery, University Erlangen-Nürnberg, Germany
2Dept. of Neurology, University Erlangen-Nürnberg, Germany
3Inst. of Laboratory Medicine, University Erlangen-Nürnberg,

Germany

The neuromarker S100B is reported to correlate positively with

brain injury and negatively with outcome. Experimental evidence on

the other hand suggests S100B to participate in repair mechanisms.

The aim of the present study was to correlate S100B levels in

the acute and chronic period with functional recovery following

brain injury.

We measured S100B in the cerebrospinal fluid and serum in patients

treated with a ventricular drainage following subarachnoid hemor-

rhage (SAH, Hunt&Hess I:n = 2, II:n = 5, III:n = 2, IV:n = 7, V:n = 1)

daily during the acute phase (n = 17) and after 5–8 months (n = 6).

Functional recovery was assessed neuro- and neuropsychologically.

A cranial MRI documented morphological sequelae. A long-term

follow-up was performed utilizing the QoLiBrI assessment after 3

years (n = 8). The value of S100B to predict survival and functional

outcome was analyzed.

S100Bserum and S100BCSF peaked at up to 300-fold values on day 1

with a subsequent decline that was more pronounced in survivors

(n = 11) than in non-survivors (n = 6). Group comparison revealed a

statistical significant difference of S100BCSF on day 6 (p = 0.019) and

S100Bserum on day 12 (p = 0.006). S100B did not correlate with the

functional outcome at 6 months or 3 years. The QoLiBrI assessment

revealed an overall quality of life of 79.70 (scale 0–100) and a satis-

faction with personal mental skills of 4.30 (scale 0–5). Interestingly, in

2 out of 5 patients S100BCSF was increased at 6 months (1.82/3.55 ug/l)

despite a satisfying neuropsychological performance.

Following neurotrauma, S100Bserum/CSF neither allows a reliable de-

tection of survivors nor predicts long-term functional outcome. 6

months after the initial injury, S100BCSF is increased in one third of

patients suggesting a participation of S100B in ongoing neuro-

regenerative processes.
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PROTECTING GLIA FROM OXIDATIVE STRESS DURING

SECONDARY DEGENERATION FOLLOWING NEURO-

TRAUMA

Ryan L O’Hare Doig, Donna L Savigni, Sophie C Payne, Carole A

Bartlett, Melinda Fitzgerald

Experimental and Regenerative Neurosciences, School of Animal

Biology, The University of Western Australia, Stirling Hwy, Crawley

WA, Australia

Following neurotrauma, tissue adjacent to the primary injury un-

dergoes a cascade of cellular and molecular events termed sec-

ondary degeneration, leading to further loss of neurons, glia and

function. Mediators of secondary degeneration, including Ca2 + and

reactive species, diffuse and may spread via connections between

astrocytes, oligodendrocyte precursor cells (OPCs) and axons.

Using immunohistochemical and labelling techniques we have

demonstrated in vivo increases in reactive species, oxidised prod-

ucts and anti-oxidant enzymes in CNS glia vulnerable to secondary

degeneration, following partial transection of adult rat optic nerve.

Oxidative stress in oligodendrocytes is associated with alterations

in structure of node of Ranvier/paranode complexes. We observe

significant lengthening of the paranodal gap and paranode as well

as paranode disorganisation. A high proportion of OPCs vulnerable

to secondary degeneration proliferate in the first week following

optic nerve injury, and the appearance of shortened myelin inter-

nodes at 3 months suggests remyelination. However, OPCs die and

total numbers remain chronically lower, accompanied by persistent

myelin decompaction, axon swelling and functional loss. We have

used multiple combinations of Ca2 + channel inhibitors to treat

secondary degeneration in vivo and demonstrated that combinations

that include the L-type voltage gated calcium channel inhibitor

lomerizine, improve myelin compaction. Treatment with a combi-

nation of three inhibitors (lomerizine, YM872 and oxATP) reduces

indicators of oxidative stress, prevents lengthening of the paranodal

gap and preserves visual function. Strategies to reduce the spread

of excess Ca2 + and resultant reactive species may protect oligo-

dendroglia from oxidative stress and thereby preserve function

following neurotrauma.

42

ASSESSMENT OF THE CerOx CEREBRAL OXYGENATION

MONITOR IN SEVERE TRAUMATIC BRAIN INJURY

PATIENTS

Guy Rosenthal, Alex Furmanov, Eyal Itshayek, Yigal Shoshan,

Vineeta Singh

Hadassah-Hebrew University Medical Center University of

California, San Francisco, CA, USA

Development of a non-invasive monitor to assess cerebral oxygena-

tion has long been a goal in neurocritical care. We evaluated the

feasibility and utility of the CerOx 3110 non-invasive monitor, which

uses near infrared spectroscopy and ultrasound, to measure regional

cerebral tissue oxygenation in severe TBI patients and compared these

measurements with those obtained from invasive cerebral monitoring.

Patients with severe TBI admitted to the intensive care unit at

Hadassah-Hebrew University Hospital requiring intracranial pressure

(ICP) monitoring and advanced neuromonitoring were included in this

study. We studied 18 patients with severe TBI with the CerOx monitor

and invasive advanced cerebral monitors. The mean age was

45.3 – 23.7 years and the median GCS on admission was 5 with an

interquartile range of 3 – 7. Eight patients underwent unilateral de-

compressive hemicraniectomy and one patient underwent craniotomy.

Sixteen patients underwent insertion of a jugular bulb venous catheter,

and 18 patients underwent insertion of a Licox brain tissue oxygen

monitor. We found a strong correlation (r = 0.60, p < 0.001) between

the jugular bulb venous saturation from the venous blood gas and the

CerOx measure of regional cerebral tissue saturation on the side ip-

silateral to the catheter. A multivariate analysis revealed that among

the physiological parameters of mean arterial pressure, ICP, brain

tissue oxygen tension, and CerOx measurements on the ipsilateral and

contralateral sides, only ipsilateral CerOx measurements were sig-

nificantly correlated to jugular bulb venous saturation (p < 0.001).

Measuring regional cerebral tissue oxygenation with the CerOx

monitor in a non-invasive manner is feasible in severe TBI patients in
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the neurointensive care unit. The correlation between the CerOx

measurements and the jugular bulb venous measurements of oxygen

saturation indicate that the CerOx may be able to provide an esti-

mation of cerebral oxygenation status in a non-invasive manner.

43

INJURY SEVERITY AND SEIZURE DEVELOPMENT AFTER

TRAUMATIC BRAIN INJURY

Helen M Bramlett, Justin Sick, Joseph Wasserman, Amade Bregy,

W Dalton Dietrich, Thomas Sick

Departments of Neurological Surgery and Neurology, The Miami

Project to Cure Paralysis, University of Miami Miller School of

Medicine, Miami, FL, USA, Bruce W. Carter Department of Veterans

Affairs Medical Center, Miami, FL, USA

Traumatic brain injury (TBI) is a major risk factor for the develop-

ment of seizures and a diagnosis of posttraumatic epilepsy. The in-

fluence of injury severity on seizure development chronically has not

been well characterized. Mild (1.5–1.7 atm; n = 8), moderate (1.8–

2.1 atm; n = 8) or severe (2.2–2.5 atm; n = 6) fluid percussion brain

injury was performed in the rat. Animals were assessed 1 year post-

TBI or in age-matched naive rats (N = 5) via electrocorticographic

(ECoG) recordings and video. Rats were implanted with 2 epidural

electrodes near the injury site 24 hr prior to video/ECoG recording

using Powerlab. Fast Fourier Spectral Analysis was conducted offline

using EEGLab on the MatLab software platform. Two hours of re-

cordings were performed prior and post administration of a sub-

threshold dose of pentylenetetrazol. Seizure activity was quantified by

measuring the power for six frequency bands (Delta, Theta, Alpha,

Beta1, Beta2, and Gamma) in 2 sec intervals and was considered to be

an epileptic event if the power in all spectral bands was 4 standard

deviations greater than that recorded in non-seizing control animals.

All injury severities showed evidence for subclinical seizures during

baseline. These epileptic events were also observed in the mild TBI

animals. After PTZ injection, behavioral seizures were seen in all

injury severities with video monitoring correlated with seizure event

detection. The importance of using age-matched controls when as-

sessing for seizures should be emphasized as seizure events were

detected in some cases. These data demonstrate that not only are non-

convulsive and convulsive seizures observed after moderate or severe

TBI but mild TBI appears to induce chronic seizures as well. Ab-

normal seizure activity may influence outcome in a large population

of brain injured patients.
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EXTRACELLULAR MATRIX BIOMARKERS FOR ACUTE

NEUROLOGICAL INJURY

Jonathan Lifshitz, Caroline Addington, Christine Pauken, Daniel R

Griffiths, Sarah Stabenfeldt

Barrow Neurological Institute at Phoenix Children’s Hospital,

Phoenix, AZ, USA Department of Child Health, University of

Arizona, College of Medicine – Phoenix, Phoenix, AZ, USA Phoenix

Veterans Administration Health Care System, Phoenix, AZ, USA

School of Biological and Health Systems Engineering, Ira A. Fulton

Schools of Engineering, Arizona State University, Tempe, AZ, USA

The extracellular matrix (ECM) links neuronal, glial and vascular

compartments together through specific ligand-receptor interactions.

The ECM is composed of integrins, cell adhesion molecules, and

glycoproteins, which are constantly remodeled to promote CNS

functions. The ECM is susceptible to alterations and modifications

from the mechanical forces or enzymatic pathways of traumatic brain

injury (TBI), providing a source for biomarkers of injury. This pre-

sentation tests the hypothesis that the extracellular matrix serves as a

biomarker source specific to brain injury mode (focal vs. diffuse) and

severity. Experimental TBI was induced in adult, male rats by con-

trolled cortical impact (CCI) or midline fluid percussion injury (FPI)

at mild and moderate severity. Blood and tissue from cortex, hippo-

campus and thalamus at 1d, 3d, 7d, and 14d post-injury were quan-

tified by western blot for fibronectin, laminin, and reelin. Laminin

showed acute degradation in hippocampal CA1 (1-3d) and later de-

generation in CA3 (7-14d) after focal injury. Laminin degradation

may not result from diffuse brain injury. Fibronectin showed injury

severity dependent increases in cortex, hippocampus and thalamus in

both focal and diffuse TBI. Moreover, fibronectin was increased

acutely (1-3d) in plasma in both focal and diffuse injury. Reelin

quantification is ongoing. These studies continue to show the potential

diagnostic value of ECM biomarkers in the context of TBI with re-

spect to injury mode and severity.

45

TBI-PRECLINICAL NEUROPROTECTION

Alan Ira Faden

University of Maryland School of Medicine Department of

Anesthesiology and STAR Center Baltimore, MD, USA

Despite strong preclinical data, over 30 TBI neuroprotection clinical

trials have failed to date. These translational failures reflect numerous

methodological differences including use of limited therapeutic tar-

geting, failure to address either multiple cell death mechanisms or

effects of chronic inflammation, and inadequate sample sizes, among

others. Improved translation requires better understanding of targeted

mechanism(s); demonstration that such mechanisms occur clinically;

robustness of therapeutic effect (not just statistical significance);

demonstration of effectiveness across models, species and labs; use of

drug sensitive end points; knowledge of drug pharmacokinetics and

brain penetration; and adequate power. Newer experimental ap-

proaches have focused on use of multi-factorial treatments that target

concurrently multiple secondary injury processes and/or multiple cell

types, or combined modulation of secondary injury and neuror-

estorative factors. There has also been increased recognition that TBI

is a chronic neurodegenerative disorder, in part related to chronic

inflammation, which suggests use of both different and potentially

strategies with a much longer therapeutic window. Recent experi-

mental examples are detailed that demonstrate the potential benefits of

targeting multiple cell types and cell death mechanisms, use of highly

delayed modulation of neuroinflammatory mechanisms, and im-

plementation of pleuripotential treatment strategies.
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AMELIORATION OF TRAUMATIC BRAIN INJURY-INDUCED

INCREASED CEREBROVASCULAR PERMEABILITY BY EN-

DOTHELIAL PROGENITOR CELLS IN MICE

Nino Muradashvili, Reeta Tyagi, Timothy E O’Toole, Suresh C

Tyagi, David Lominadze

University of Louisville, Louisville, KY, USA

Traumatic brain injury (TBI), the most common cause of death

and disability, is accompanied with an increased cerebrovascular
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permeability to blood proteins. It is thought that impairment in en-

dothelial cell properties can be a main cause of enhanced vascular

permeability. We tested the hypothesis that TBI-induced increase in

cerebrovascular permeability can be ameliorated by elevation of

number of endothelial progenitor cells (EPCs), which can repair

damaged endothelium. Permeability of pial venules in pericontusional

area of mild injury was studied in C57BL/6J mice. Mouse bone

marrow-derived cells were grown on fibronectin-coated tissue culture

plates to confluence and Flk-1+ /Sca-1+ (markers of endothelial and

stem cell phenotype, respectively) EPCs were isolated by flow cy-

tometry sorting. After induction of mild TBI, mice were infused with

EPCs suspended in 100 ll of phosphate buffered saline (PBS) or with

PBS alone (control group) through an external jugular vein. After 14

days, pial venular permeability was assessed in these mice by mea-

suring the extravascular accumulation of fluorescein isothiocyanate-

labeled bovine serum albumin using an intravital fluorescence mi-

croscopy. Cerebrovascular leakage was decreased in mice infused

with EPCs compared to that in mice infused with PBS alone. These

results suggest that TBI-induced increased cerebrovascular perme-

ability can be reversed by enhancing the number of EPCs, which can

restore impaired property of vascular endothelium in pericontusional

area. Our data indicate a novel functional role of EPCs in post-TBI

treatment of cerebrovascular pathology.
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DEFINING PLATELET FUNCTION IN POLYTRAUMA

PATIENTS WITH TRAUMATIC BRAIN INJURY UPON AD-

MISSION TO THE EMERGENCY DEPARTMENT

Gretchen M Brophy,1 Bassem M Mohammed,1 Nathan J White,2

Erika J Martin,1 Jason Newton,1 Daniel Contaifer,1 Jingmei Song,1

Penny S Reynolds,1 Anthony Pusateri,4 Kevin R Ward,3 Donald F Brophy1

1Virginia Commonwealth University, Richmond, Virginia, USA
2Puget Sound Blood Center, Seattle, WA, USA
3University of Michigan, Ann Arbor, MI, USA

Hemostatic function is impaired by multisystem injury and impacts

survival. The aim of this study was to define the relationships between

platelet (PLT) function and injury severity in traumatic brain injury

(TBI) patients upon admission to the emergency department (ED). A

prospective observational study was conducted on polytrauma patients

presenting to Virginia Commonwealth University Medical Center.

Blood collected on ED arrival was analyzed for hemostatic parame-

ters, viscoelastic clot strength by thrombelastography (TEG) with PLT

mapping to identify PLT-specific deficits in clot formation; PLT-in-

duced clot contraction and effect on clot structure; PLT aggregation

by aggregometry in response to collagen and ADP; PLT-associated

thrombin generation using calibrated automated thrombography

(CAT); flow cytometry for PLT activation and expression by CD62p.

The data were analyzed using Kruskal-Wallis nonparametric test. Of

the 110 polytrauma study patients, 27 had TBI and were grouped by

admit injury severity score (ISS) (minor/moderate[M/M]: ISS < 16

(n = 4); severe[S]: ISS 16–24 (n = 8); and profound[P]: ISS 25–75

(n = 15)). Increasing ISS in TBI patients was associated with increased

PT/INR (P vs M/M and S, p < 0.02) and PTT (P vs S, p < 0.03); lower

Fib (P vs S, p < 0.01); weaker clots in P vs S as noted by PCF and

CEM (p < 0.03); slower clot initiation in P vs S, (p = 0.045), and more

thrombin generation in P vs M/M (p = 0.03). D-dimer was greater in P

and S vs M/M (p < 0.01). TBI polytrauma patients with increasing ISS

scores demonstrated impaired hemostasis and PLT-specific clot for-

mation using multiple hemostatic measures. This data can help to

improve diagnosis and therapeutic strategies in TBI patients.
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THE EFFECTIVENESS EVALUATION OF HELICOPTER

AMBULANCE TRANSPORT AMONG NEUROTRAUMA PA-

TIENTS IN KOREA - NEUROSURGICAL HELICOPTER

AMBULANCE TRANSPORT IN SMALL COUNTRY

Jin Mo Cho, Sook Jin Seo, Kyung Duck Park

Ajou University

Helicopter ambulance transport (HAT) is a highly resource-intensive

facility that is a well-established part of the trauma transport system in

many developed countries. Its efficacy for neurotrauma patients has

not been analyzed in the reports. Here, we review the benefit of HAT

for neurosurgical patients in Korea.

This retrospective study followed neurotrauma patients who were

transferred by HAT to a single emergency trauma center over a period

of 2 years. The clinical benefits of HAT were measured according to

the necessity of emergency surgical intervention and the differences in

the time taken to transport patients by ground ambulance transport

(GAT) and HAT.

Ninety-nine patients were transferred to a single university hospital

using HAT, of whom 32 were taken to the neurosurgery department.

Of these 32 patients, 10 (31.3%) needed neurosurgical intervention,

14 (43.8%) needed non-neurosurgical intervention, 3 (9.4%) required

both, and 11 (34.4%) did not require any intervention. The transfer

time was faster using HAT than the estimated time needed for GAT,

although for a relatively close distance ( < 50 km) without ground

obstacles (mountain or sea) HAT did not improve transfer time. The

cost comparison showed that HAT was more expensive than GAT

(3,292,000 vs. 84,000 KRW, P < 0.001).

In this Korean-based study, we found that although HAT has a clinical

benefit for neurotrauma cases involving a transfer from a distant site

or an isolated area. A more precise triage for using HAT should be

considered to prevent overuse of this expensive transport method.
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INFILTRATING MYELOID-DERIVED SUPPRESSOR CELLS

(MDSCs) SECRET MATRIX METALLOPROTEINASES-9

AFTER TRAUMATIC BRAIN INJURY IN MICE

Sanae Hosomi,1,2 Yuriko Kimura,2 Toshihide Yamashita,2 Hiroshi

Ogura,1 Takeshi Shimazu1

1Department of Traumatology and Acute Critical Medicine, Osaka

University Graduate School of Medicine
2Department of Molecular Neuroscience, Osaka University Graduate

School of Medicine

Matrix metalloproteinases (MMPs) play a major role in maintaining the

integrity of the Blood Brain Barrier. In the recent clinical studies, MMP-9

in blood is associated with hemorrhagic transformation of lesion and

death after ischemic injury. The reason why MMP-9 concentration in

blood reflects the fragility in brain after injury has not been revealed.

Hypothesis: Myeloid-derived suppressor cells (MDSCs), a heteroge-

neous population of immature myeloid cells, accumulate and secret

MMP-9 in the injured brain. Controlled cortical impact was induced in the

cerebral hemisphere of adult male mice. Cells from the injured side of the

cerebral cortex were isolated and analyzed using flow cytometry. The

time course of the accumulation of immune cells in the injured brain,

separated by differential CD45, CD11b, Ly6C, and Ly6G expression was

analyzed which cells secret MMP-9. Adoptive transfer experiments and

bone marrow chimeras were used to distinguish between the resident cells

and the infiltrating blood-derived cells in the injured brain. MDSCs in

sham brain were approximately 1%. These cells increased to approxi-

mately 25% in injured brain 1 day post-injury. MDSCs dominantly se-

creted MMP-9 in blood and brain. Neither macrophage (CD45high/

CD11b + ) nor microglia (CD45low/CD11b + ) secreted MMP-9 in brain.

In bone marrow chimeras [CD45.1/CD45.2], MDSCs in the injured

brain expressed CD45.1, but not CD45.2. MDSCs infiltrate brain pa-

renchyma after TBI and secret MMP-9 in both blood and brain. Our new

method using flow cytometry suggests that MMP-9 concentration in

blood well reflects the severity of brain edema or bleeding after injury.
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ACTIVITY-REGULATED CYTOSKELETAL (ARC) GENE

EXPRESSION AS A MOLECULAR BIOMARKER OF CIR-

CUIT INTEGRITY AFTER DIFFUSE TRAUMATIC BRAIN

INJURY

Aida Khodadad,1,2,4 Daniel R Griffiths,1,2 Megan Evilsizor,1,2 P David

Adelson,1,2,5,6 Jonathan Lifshitz,1,2,3,5 Theresa Currier Thomas1,2,3

1Barrow Neurological Institute at Phoenix Children’s Hospital–

Phoenix, AZ, USA
2Department of Child Health, University of Arizona College of

Medicine – Phoenix, AZ, USA
3Phoenix VA Healthcare System–Phoenix, AZ, USA
4Department of Neuroscience, University of Strasbourg, France
5Neuroscience Program, Arizona State University, Tempe, AZ, USA
6School of Biological and Health Systems Engineering, Arizona State

University, Tempe, AZ, USA

Activity-regulated cytoskeleton-associated protein (Arc), an immediate

early gene considered to be the master regulator of synaptic plasticity and

expression, is tightly coupled to behavioral paradigms in vivo. Here we

demonstrate the time course of Arc gene expression after manual whisker

stimulation at chronic time points in uninjured and diffuse traumatic

brain-injured (dTBI) rats. In rodents, dTBI leads to late-onset, gain-of-

function behavioral sensory sensitivity to manual whisker stimulation 28

days post-injury (Thomas et al., 2010), which arises from progressive

circuit reorganization in response to injury-induced circuit dismantling.

For this study, adult male Sprague Dawley rats (*300 g) were subjected

to a single moderate severity midline fluid percussion injury and 28 days

post-injury exposed to manual whisker stimulation. At several time points

following whisker stimulation, animals were euthanized and tissue was

removed from the whisker circuit relays in primary somatosensory barrel

field (S1BF) cortex and ventral posterior medial nucleus (VPM) of the

thalamus for quantitative real-time PCR analysis. At 30 minutes after

manual whisker stimulation, Arc mRNA expression increased signifi-

cantly in the S1BF of dTBI animals compared to sham. At 15, 60 and

90 min after whisker stimulation, Arc mRNA expression was significantly

decreased in the VPM of dTBI animals compared to sham. These results

implicate Arc gene expression as a molecular biomarker of circuit acti-

vation that can distinguish reorganization of the whisker sensory circuit

after dTBI compared to control. Arc expression at 30 minutes can be

implemented to evaluate efficacy of therapeutic intervention to mitigate

circuit reorganization after TBI.
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ANALYSIS OF DATA FROM THE U.S. CLINICAL TRIALS

DATABASE REVEALS POOR CLINICAL TRIAL EFFORT

FOR TRAUMATIC BRAIN INJURY, COMPARED WITH

STROKE

Lucia M Li,1 David K Menon,2 Tobias Janowitz2

1Imperial College London
2University of Cambridge

Traumatic brain injury (TBI) is an important public health problem,

comparable to stroke in incidence and prevalence. Few interventions,

however, have proven efficacy in TBI. This may be due to comparatively

lower clinical trial activity in TBI. We aimed to quantitatively analyse

and compare the clinical trial landscape in stroke and TBI.

This is an observational, cross-sectional study of all clinical studies in

TBI and Stroke registered on the Clinical Trials Database between

January 2000 and January 2013. This database is the most compre-

hensive clinical trial database and has been used for similar studies in

other conditions. The analysis was conducted and reported according

to the internationally agreed STrengthening the Reporting of OB-

servational studies in Epidemiology (STROBE) criteria.

The clinical trial research effort in stroke is substantially greater than

TBI, as measured by enrolment number (stroke n = 1953349 vs TBI

n = 456517), number of studies (stroke n = 1503 vs TBI n = 402) and

number of interventional studies (stroke n = 1168 vs TBI n = 268). In-

terventional studies make up 77% (n = 1168) and 66% (n = 268) of reg-

istered stroke and TBI studies respectively. Sixty percent (n = 1168311)

[95% CI: 62-58%] of participants in stroke studies and 79% (n = 359482)

[95% CI: 75-82%] in TBI studies are enrolled in interventional studies.

The discrepancy of the clinical trial research effort between stroke and

TBI is in direct contrast to the comparative public health impact of these

two diseases. Our study is limited by the use of a single trial database.
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ALBUMIN RESUSCITATION FOR TRAUMATIC BRAIN IN-

JURY: IS INTRACRANIAL HYPERTENSION THE CAUSE OF

INCREASED MORTALITY?

Shirley Vallance, D James Cooper, John Myburgh, Stephane Heritier,

Simon Finfer, Rinaldo Bellomo, Laurent Billot, Lynnette Murray, The

SAFE-TBI investigators and the Australian and New Zealand Intensive

Care Clinical Trials Group

Department of Intensive Care, Alfred Hospital Australian and New

Zealand Intensive Care Research Centre, Monash University,

Melbourne, Australia
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To identify the mechanisms which were potentially responsible for the

marked difference in mortality confirmed between albumin and saline

resuscitation in patients with moderate and severe TBI. In patients from

the Saline vs. Albumin Fluid Evaluation (SAFE) study with TBI who

underwent intracranial pressure (ICP) monitoring, interventional data

were collected from randomization to day 14 to determine changes in

ICP and in therapies used to treat increased ICP. Pattern mixture mod-

elling, designed to address informative dropouts, was used to compare

temporal changes between the albumin and saline groups. 321 patients

were identified, 164 (51.1%) received albumin and 157 (48.9%) received

saline. There was a significant linear increase in mean ICP and signifi-

cantly more deaths in the albumin group compared with saline when

ICP monitoring was discontinued during the first week (1.30 – 0.33 vs.

- 0.37 – 0.36, p = 0.0006; and 34.4% vs. 17.4%; p = 0.006 respectively).

There were statistically significant differences in the mean total daily

doses of morphine (- 0.42 – 0.07 vs. - 0.66 – 0.0, p = 0.0009), propo-

fol (- 0.45 – 0.11 vs. - 0.76 – 0.11; p = 0.034) and norepinephrine

(- 0.50 – 0.07 vs. - 0.74 – 0.07) and in temperature (0.03 – 0.03 vs.

0.16 – 0.03; p = 0.0014) between the albumin and saline groups when ICP

monitoring ceased during the first week. The use of albumin for resus-

citation in patients with severe TBI is associated with increased ICP

during the first week. This is the most likely mechanism of increased

mortality in these patients.

54

QUANTITATIVE MEASUREMENT OF BRAIN INJURY

USING MRI AFTER DECOMPRESSION CRANIECTOMY:

A PILOT STUDY

Jerome Maller,1,4 Olivier Huet,2,3 Shirley Vallance,3 Marco Fedi,3

Jeffrey Rosenfeld,2 Dinesh Varma,2 Peter Hwang,2 Jamie Cooper2,3

1Monash Alfred Psychiatry Research Centre, Monash University,

Melbourne, Australia
2Intensive Care Unit, Alfred Hospital, Melbourne, Australia
3Australian and New Zealand Intensive Care Research Centre,

Monash University, Melbourne, Australia
4Department of Neurosurgery, Alfred Hospital, Melbourne, Australia
5Department of Radiology, Alfred Hospital, Melbourne, Australia

Bilateral frontotemporal craniectomy (BFC) does not improve

outcome of TBI patients with refractory intracranial hypertension.

To explore why BFC patients had worse long-term outcome we used

T2-weighted and diffusion tensor imaging (DTI) MRI to assess

brain injuries after unilateral and bilateral decompression cra-

niectomy. Nine patients (M = 6, F = 3; aged 19 to 61 years) with

severe TBI were studied. Three patients did not have craniectomy

(NC), 3 had unilateral temporal craniectomy (UTC) and 3 had BFC.

A 1.5Tesla MR was used to acquire T2-Flair and DTI sequences.

Volumes are presented as mm3/ICA. Values are expressed in

mean + / - SD. Mean GCS on admission was 5 + / - 1.6. Normal-

ized injury volumes (T2-Flair) were not different between BFC and

UTC patients but were higher compared to NC patients. A trend for

lower mean fractional anisotropy (FA) values after BFC in the

corpus callosum (CC) (0.497 + / - 0.07) and the frontal (0.422 + / -
0.02) areas was observed compared to UTC (CC:0.542 + / - 0.004;

Frontal:0.434 + / -0.02), and to NC (CC:0.552 + / - 0.02; Fron-

tal:0.464 + / - 0.007). In this pilot study we report for the first time

that after BFC patients had greater injuries in the CC and frontal

areas assessed by DTI. This difference was not seen in the temporal

region after UTC. Our data suggest that frontal brain swelling after

BFC may lead to secondary injury due to the white matter stretch.

These findings are preliminary due to sample size and don’t allow

us to rule out diffuse injury due to the severity of the initial brain

insult.
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MEASUREMENT AND OPTIMISATION OF SPINAL CORD

PERFUSION PRESSURE IN ACUTE SPINAL CORD INJURY

Melissa Werndle, Saadoun S, Phang I, Czosnyka M, Varsos G,

Czosnyka Z, Smielewski P, Jamous A, Bell BA, Zoumprouli A,

Papadopoulos MC

Academic Neurosurgery Unit, St George’s University of London,

London, United Kingdom

We describe a novel technique to measure intraspinal pressure (ISP) at

the injury site in patients with severe acute traumatic spinal cord injury

(TSCI), analogous to measuring intracranial pressure after traumatic

brain injury. We recruited 18 – 70 year old patients with severe acute

TSCI. A Codman ICP probe was placed subdurally during spinal stabi-

lisation. ISP was monitored within 72 hours from injury, for up to one

week. Spinal cord blood flow was assessed using indocyanine green

fluorescence, autoregulation using sPRx and sRAP, and cord function

with motor evoked potentials. We determined the effect of different

treatments on spinal cord perfusion pressure (SCPP) and cord function.

30 subjects were recruited (14 with TSCI, 16 without). No complications

arose related to ISP monitoring. The injury site had higher ISP than

below indicating focal cord swelling. ISP was initially high ( > 20 mmHg)

and normalised (21%), normal and then high (29%), high throughout

(29%) or normal throughout (21%). ISP remained high in 78% patients

after bony decompression, suggesting dural compression. Laminectomy

was potentially detrimental by exposing the swollen cord to external

compression forces. paCO2, sevoflurane and mannitol had no significant

effect on ISP or SCPP. Inotropes increased SCPP (p < 0.05) and blood

flow at the injury site. Optimal SCPP varied between patients. Opti-

mising SCPP improved autoregulation and motor evoked potential am-

plitudes (p < 0.01). After severe TSCI, ISP at the injury site is elevated

and SCPP is reduced. Our data indicate high ISP and low SCPP are

harmful. By intervening to increase SCPP, we could improve spinal cord

function in some patients.
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RECOMBINANT HUMAN INTERLEUKIN-1 ANTAGONIST

MODIFIES THE NEURO-INFLAMMATORY RESPONSE TO

SEVERE TRAUMATIC BRAIN INJURY

Adel Helmy, Mathew R Guilfoyle, Keri LH Carpenter, John D

Pickard, David K Menon, Peter J Hutchinson

University of Cambridge

Interleukin-1 receptor antagonist (IL1ra) is an endogenous competitive

antagonist at the Interleukin-1 Type-1 Receptor (IL-1R). Antagonism at

the IL-1R confers neuroprotection in several rodent models of neuronal

injury (i.e., trauma, stroke, excitotoxicity). Previous studies of putative

neuroprotective agents have failed for several reasons including poor

blood brain barrier penetration of the drug, inappropriate timing of drug

delivery, a conceptual misunderstanding of the complexity of mecha-

nisms of action, and an inability to determine whether the drug con-

centration achieved in humans is sufficient to exert a biological effect.

We describe a single centre, phase II, open label, randomised-control
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study of recombinant human IL1ra (rhILra, anakinra) in severe trau-

matic brain injury (TBI), at a dose of 100 mg subcutaneously once a day

for 5 days in 20 patients randomised 1:1. As well as providing safety

data in this patient population we have utilised cerebral microdialysis to

directly determine brain extracellular concentrations of IL1ra and to

measure the biological impact on 41 cytokines and chemokines. IL1ra

penetrated into plasma and the brain extracellular fluid. PCA demon-

strated a separation in cytokine profiles following IL1ra administration.

A candidate cytokine from this analysis, Macrophage Derived Che-

moattractant, was significantly lower in the rhIL1ra treated group. By

using Partial Least Squares Discriminant Analysis (PLS) we have

demonstrated that IL1ra administration increases chemokines which we

speculate to be related to macrophage recruitment. This combination of

randomised trial methodology and a thorough assessment of the

downstream biological consequences has the capacity to increase our

understanding of the complexity of neuro-inflammation following TBI.
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COX-2 REGULATION DIFFERS BETWEEN SEXES IN THE

SECONDARY INFLAMMATORY RESPONSE FOLLOWING

EXPERIMENTAL PENETRATING FOCAL BRAIN INJURY IN

RATS

Mattias Gunther, Stefan Plantman, Johan Davidsson, Maria Angéria,

Tiit Mathiesen, Marten Risling

Department of Neuroscience and Clinical Neuroscience; Experimental

Traumatology Unit and Section of Neurosurgery, Karolinska Institutet,

Stockholm, and Chalmers University of Technology, Gothenburg, Sweden

Traumatic brain injury (TBI) is followed by secondary neuronal degener-

ation, largely dependent on an inflammatory response. This response is

probably gender specific, since females are generally better protected than

males in animal models and human epidemiological studies of TBI. The

reasons are not fully known. We examined aspects of the inflammatory

response following experimental TBI in male and female rats to explore

possible gender differences. A penetrating brain injury model was used to

produce focal TBI in male (n = 10) and female (n = 10) rats. After 24 h and

72 h the brains were removed and subjected to immunohistochemical an-

alyses and in situ hybridization. Cox-2 mRNA was elevated in the perile-

sional area compared to the un-injured contralateral side, and significantly

higher in males compared to females at 24 h and 72 h (p < 0.05). iNOS

mRNA and protein expression, GFAP, osteopontin, 3-nitrotyrosine and

Fluoro Jade positive cells were upregulated in the perilesional area at 24 h

with no difference between sexes. Our findings showed a gender difference

in posttraumatic Cox-2 levels in Sprague-Dawly rats. It is possible that the

sex specific trait of the secondary inflammatory response may be connected

to prostaglandin regulation rather than oxidative stress also in clinical

contexts. The difference did, however, not correlate with altered neuronal

death at 24 h. Astrogliosis and microgliosis did not differ between sexes.

This heterogeneity comprises a sex dependent quality. The identification of

gender specific post-traumatic processes demonstrates a gender-specific

metabolic quality, which may partially explain variances in outcome after

TBI.
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IMPACT OF WINTER SPORTS HELMETS IN SKIERS AND

SNOWBOARDERS ON HEAD TRAUMA INCIDENCE AND

SEVERITY

Dominik Baschera, Rebecca Hasler, David Taugwalder, Aristomenis

Exadaktylos, Andreas Raabe

Inselspital, Bern University Hospital

Head injuries are major cause of death and morbidity in skiing and

snowboarding accidents. Despite the increased use of helmets it is

perceived that the incidence and severity of snow sports related head

injuries has not changed. Our aim was to examine the rate of helmet

use, their efficiency as well as other possible predictors of outcomes in

skiers/snowboarders treated for head injuries.

Retrospective review of all head trauma admissions due to Snow-

boarding/Skiing accidents to a Level 1 Trauma centre 2000/01–2010/

11. Patients were called to enquire whether they wore a helmet at the

time of the accident and for assessment of the outcome using the

Glasgow Outcome Scale.

Of the 363 snowboarders (117) and skiers (246) helmet data and

Glasgow Outcome Score could be obtained from 222 (72 snow-

boarders/150 skiers). 54% of snowboarders and 52% of skiers wore

helmets. 33 patients received neurosurgical interventions : 18 invasive

ICP monitoring, 12 craniotomy and 3 burr holes. 38% (8/21) of re-

spondents who received various neurosurgical interventions wore hel-

mets. We found no statistically significant correlation between wearing

a helmet and outcome. Helmet use increased greatly from 2000–2011.

The incidence of severe head injury did not decrease. A significant

correlation with the severity of head trauma was found for skiing/

snowboarding off the marked slope.

Patients that required any neurosurgical intervention were less often

wearing a helmet compared to the entire cohort. We recommend

that skiers and snowboarders wear helmets and place more emphasis on

risk taking behaviours in snow sports in the prevention of head injuries.
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PART 1–TIME COURSES OF NEUROINFLAMMATION,

CORPUS CALLOSUM DEMYELINATION, SENSORIMOTOR

DEFICITS, EDEMA AND LESION AFTER TRAUMATIC BRAIN

INJURY BY CONTROLLED CORTICAL IMPACT IN MICE

Cho AH, Taib T, Leconte C, Deou E, Palmier B, Plotkine M,

Marchand-Leroux C, Besson VC

Paris Descartes University, Sorbonne Paris Cité Faculté des Sciences

Pharmaceutiques et Biologiques EA4475 - Pharmacology of Cerebral

Circulation

Traumatic brain injury (TBI) results in neuroinflammation that may

participate to white matter injury (WMI). The latter, evidenced by

demyelination, is associated with neurological disorders. As only few

data are available, the objective was to study their time-courses after

TBI induced by controlled cortical impact (CCI) on adult male Swiss

mice between 6 h and 12 w post-TBI.

Microglia activation was present from 24 h (558 – 51CD11b + cells,

P < 0.001) up to 7d post-TBI (390 – 42CD11b + cells, P < 0.001),

showing neuroinflammation. TBI induced a decrease of MBP protein

expression in the ipsi- and contralateral corpus callosum at 7d (ipsi:

1437 – 289 AU, P < 0.01; contra: 1160 – 276 AU, P < 0.01) that persisted

at 12 w (ipsi: 885 – 459 AU, P < 0.01; contra: 1141 – 476 AU, P < 0.01),

demonstrating bilateral demyelination. Moreover, it promoted a bilateral

increase of CNPase expression at 48 h (ipsi: 273 – 41 AU, P < 0.01;

contra: 238 – 42 AU, P < 0.01) suggesting TBI-induced maturation of

non-myelinating oligodendrocyte to myelinating oligodendrocyte with a

decrease at 12 w. TBI increased brain water content at 6 h (81.6 – 0.2%,

P < 0.001) that persisted until 5d (81.4 – 0.4%, P < 0.01), demonstrating

edema. A cerebral lesion was visible at 24 h (9.4 – 2.5 mm,3 P < 0.001)

persisting up to 72 h (5.6 – 1.8 mm,3 P < 0.01) that evolved toward a scar.

Sensorimotor deficits were observed at 6 h (string test: 0.97 – 0.43,

P < 0.05; grip test: 17.6 – 3.2 s, P < 0.05; adhesive removal time for

contralateral front paw: 46.7 – 13.0 s, P < 0.01) until 72 h (string test:
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0.97 – 0.43, P < 0.05) and at 12 w (string test: 0.33 – 0.13, P < 0.05; grip

test: 12.3 – 1.8 s, P < 0.05).

Our data afford an overall view of neuroinflammation, demyelination

and sensorimotor deficits in CCI model of TBI that could help to

validate pharmacological strategy for preventing post-traumatic WMI.
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PART 2–LATE NEUROBEHAVIORAL DISORDERS AFTER

TRAUMATIC BRAIN INJURY BY CONTROLLED COR-

TICAL IMPACT IN MICE

Leconte C, Benedetto C, Cho AH, Mongeau R, Plotkine M,

Marchand-Leroux C and Besson VC

Paris Descartes University, Sorbonne Paris Cité Faculté des Sciences

Pharmaceutiques et Biologiques EA4475 – Pharmacology of Cerebral

Circulation

Traumatic brain injury (TBI) results in white matter injury, evidenced

by demyelination, that is associated with late neurological disorders in

traumatized patients. Our data, submitted in another INTS2014 ab-

stract, showed corpus callosum demyelination after experimental

TBI. So the objective was to study the time-courses of behavioral

disorders after TBI by controlled cortical impact on Swiss mice at 2

and 4 weeks post-injury.

Sensorimotor performances were determined with the pole test and

actimetry. The spatial learning and memory, strategy and adaptability

behavior were assessed with Barnes maze, a dry-land one less an-

xiogenic than Morris Water Maze. Anxiety-like behavior was mea-

sured by marble-burying test. TBI did not modified locomotor activity

nor the time to turn and descend from the pole, showing unmodified

sensorimotor performances. The time for burying marbles were not

modified after TBI, suggesting no anxiety-like disorders. At 2 weeks,

spatial learning performances were not disturbed. In the retention test,

all mice discriminated the target area. However injured mice persisted

to explore the target hole without escape box, suggesting a stub-

bornness. At 4 weeks, the unadapted behavior of injured mice was

also present when moving the escape box location. Moreover, injured

mice did not discriminate the target area, suggesting a spatial reten-

tion memory disorder. TBI-induced unadapted behavior suggests a

decision-making disorder that is associated with demyelination, as in

traumatized patients. Behavioral evaluations will be continued at 2, 3

and 6 months that will afford an overall view of neurobehavioral

disorders in TBI that could help to validate pharmacological strategy.
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NEW STRATEGIES FOR CHILDHOOD REHABILITATION

FOLLOWING TRAUMATIC BRAIN INJURY

Anna Nielsen, Eli Gunnarson

Karolinska Institutet, Department of Women’s and Children’s Health

Acquired brain injuries (ABI) in childhood represent a major cause of

morbidity and mortality during development. Pediatric traumatic brain

injuries (TBI) constitute a major patient group. The goal of rehabili-

tation is to ameliorate the long-term outcome. In the Stockholm region

neurorehabilitation following childhood ABI takes place at Astrid

Lindgren Children’s Hospital at the Karolinska University Hospital.

In 2007 the neurorehabilitation program was reconstructed to include

three integrated multi-disciplinary teams: the hospital neurorehabil-

itation team, the school rehabilitation team and the outreach reha-

bilitation team. The teams were established to offer individualized

rehabilitation based on injury severity and/or neurological or cogni-

tive dysfunctions. As a consequence, we are able to offer long-term

rehabilitation in a school environment over the course of 20 weeks

following the rehabilitation in the hospital setting.

We hypothesize that the reconstructed neurorehabilitation care chain

will improve long-term outcome following TBI in childhood.

Pediatric TBI patients enrolled in the rehabilitation program from

1998 to 2013, with at least 6 months interval since trauma, will re-

ceive a validated questionnaire (Mayo-Portland Adaptability In-

ventory-4) for long-term follow-up after TBI. Patients will be grouped

according to injury related medical parameters and stratified with

regard to when the patient was enrolled in the rehabilitation program:

before or after the reconstruction.

It is of great importance to assess the impact of rehabilitation efforts

on long-term outcome after childhood TBI.
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NOVEL MICRODIALYSIS METHOD TO STUDY THE ACUTE

CYTOKINE RESPONSE TO DIFFUSE TRAUMATIC BRAIN

INJURY IN THE RAT

Fredrik Clausen, Andreas Dahlin, Jiangtao Chu, Bodil Käller, Erik

Düring, Niklas Marklund, Lars Hillered

Section of Neurosurgery Department of Neuroscience Uppsala

University Uppsala Sweden

In traumatic brain injury (TBI) experimental and clinical studies have

demonstrated a highly complex neuroinflammatory response includ-

ing production of inflammatory mediators and immune cell recruit-

ment. In neurointensive care (NIC) patients with diffuse TBI

microdialysis (MD) data has shown concentrations of many cytokines

and chemokines to be higher than in plasma suggesting intracerebral

production. However, there is a delay of several hours before patient

arrival to the NIC unit when MD sampling can be started.

To fill this knowledge gap we have used a midline fluid percussion

injury (mFPI) to induce a diffuse TBI1 in rats (n = 6) and immediately

afterwards implanted dual 100 kDa cut off CMA-12 MD-probes,

surface modified with Pluronic� F-127 and perfused with artificial

CSF with Dextran 500 to improve sampling performance.2 Duplicate

samples were analyzed using a multiplex MagPix kit for 27 different

cytokines and chemokines. Sham-operated animals not subjected to

mFPI served as controls (n = 4).

Fifteen out of 27 biomarkers increased within the six hours of col-

lection, with MIP-1a, leptin, IL-1a and IL-1b showing the greatest

increase. Out of the 12 biomarkers that did not differ between injured

and sham animals, 8 have previously been found to peak at later time

points after TBI in patients and 4 showed no change.

This approach gives insight into the early cytokine and chemokine

response to diffuse TBI and may be useful to fill the knowledge gap in

NIC patient studies.
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ENERGY METABOLISM IN HUMAN TRAUMATIC BRAIN

INJURY: 13C-LABELLED CEREBRAL MICRODIALYSIS

AND HIGH-RESOLUTION NUCLEAR MAGNETIC RE-

SONANCE STUDIES

Ibrahim Jalloh, Carpenter KLH, Gallagher CN, Grice P, Howe DJ,

Mason A, Timofeev I, Helmy A, Murphy MP, Kirkpatrick PJ, Menon

DK, Sutherland GR, Carpenter TA, Pickard JD, Hutchinson PJ

Division of Neurosurgery, Department of Clinical Neurosciences,

University of Cambridge, Cambridge, UK
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Human brain chemistry is incompletely understood and better

methodologies are needed. TBI causes metabolic derangement,

with increased lactate production. Attention has largely focused on

glycolysis, whereby glucose is converted to pyruvate, generating

ATP and lactate, which is exported from cells and is proposed to

act as an energy source by feeding into neurons’ tricarboxylic acid

(TCA) cycle. Also reportedly upregulated by TBI is the pentose

phosphate pathway (PPP) that does not generate energy but pro-

duces molecules that are neuroprotective, antioxidant and repara-

tive, in addition to lactate. We used a combination of microdialysis

to deliver 13C-labelled substrates into brains of TBI patients and

recover the 13C-labelled metabolites, and high-resolution 13C

NMR analysis. Perfusion with 2-13C acetate or 3-13C lactate

produced 13C signals for glutamine C4, C3 and C2, indicating TCA

cycle operation. Perfusion with 1,2-13C2 glucose resulted in 13C

signals as doublets for the C3 and C2 of lactate, indicating gly-

colysis as a major pathway. Small enrichment above natural

abundance 13C was seen as a lactate C3 singlet representing PPP

production of lactate. This was also apparent in normal brain but

not in muscle. The injured brain can utilise lactate via the TCA

cycle. Lactate production is mainly via glycolysis while PPP pro-

duction of lactate is minor. This is the first direct comparison of

glycolysis and PPP in human brain by 13C-labelled cerebral mi-

crodialysis. The technique will be extended to other substrates to

further elucidate brain chemistry.
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MILD TRAUMATIC BRAIN INJURY: CHANGES IN THE

SEROTONERGIC, NORADRENERGIC AND GALANIN SYS-

TEMS, REFERENCE TO PTSD

Lizan Kawa,1 T Hökfelt,1 DV Agoston,1,2 U Arborelius,1 M Risling1

1Karolinska Institutet, Neuroscience, Stockholm, Sweden
2Uniformed Services University of the Health Sciences, Anatomy,

Physiology and Genetics, Bethesda, MD, USA

A new array of diseases is being associated with mild blast

traumatic brain injury (mbTBI). There is no acute symptomology

or structural damage to the brain but months to years post injury

there can be emotional and cognitive disturbances. Extreme stress

without physical injury frequently results in post-traumatic stress

disorder (PTSD). PTSD is characterised by anxiety and depres-

sion, an inability to regulate emotion and similar symptoms are

also observed in mbTBI. The serotonergic and noradrenergic

system found in the dorsal raphe (DRN) and locus coeruleus (LC)

respectively, are involved in mood regulation and the neuropep-

tide galanin is co-expressed in these neurones. In order to identify

the mechanism of mood disturbances in mbTBI, in this study, we

analysed the temporal pattern of injury-induced changes in the

above neurotransmitter systems in the select brain regions using

an established model of mbTBI. We found that immediately post

exposure (2 hrs) the levels of both tyrosine hydroxylase (the

biosynthetic enzyme for noradrenaline) and galanin are upregu-

lated in the LC. In the DRN, tryptophan hydroxylase (the bio-

synthetic enzyme of serotonin) is slightly elevated immediately

post exposure but returned to sham levels by 1 day. While galanin

levels gradually increased and remained upregulated at 7 days

post trauma. The observed temporal pattern of changes in the

various neurotransmitter levels reveal the brain region’s differ-

ential sensitivity to injury and provides new insight into the

mechanism of mood disturbances in mbTBI.
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THE ATTENUATED RENAL S100B ELIMINATION FOL-

LOWING NEUROTRAUMA SUGGESTS A PHYSIOLOGICAL

CONSERVATION SYSTEM FOR NEUROTROPHIC PRO-

TEINS

Francisco Miguel Marin Laut, Dirk Seggelke, Frank Dodoo-Schittko,

Hans Parsch, Michael Buchfelder, Andrea Kleindienst

Dept. of Neurosurgery, Klinikum Amberg, University Erlangen-

Nürnberg, Germany

The neurotrophic glial protein S100B has been promoted as a

marker of brain injury for more than a decade. However, no data

exist about the renal elimination of S100B. Furthermore, evidence

suggests that extracranial sources may contribute to S100B levels.

In the present study we aim investigate the S100B elimination

from serum to urine in a larger cohort. In 154 subsequent patients

treated on the operative intensive care unit, we measured S100B

and creatinine in serum and urine. Blood samples were taken

daily, immediately centrifuged for 10 min at 1.300xG and 4�C and

stored at a temperature of - 80�C until the assays were per-

formed. Analysis was performed with commercially available kits

on automated immunoanalyzers (LIAISON� Sangtec�100 by

chemiluminescence immunoassay, Diasorin). The sensitivity of

the assay was 0.02 ng/ml. Statistical analysis was performed with

SPSS, and p < 0.05 was accepted as significant. The mean age of

the patients was 66.1 (17 to 95) years, 74 were male and 80

female. Patients were included following procedures involving the

central nervous system (CNS, n = 49), surgical procedures without

intracranial injury (Surgery, n = 99), and for exclusively conser-

vative treatment (ICU, n = 9). Group comparison by a rank sum

test revealed that S100B was significantly increased following

surgical procedures (CNS: serum 0.46 – 0.12 ng/ml, urine

0.04 – 0.01 ng/ml; Surgery: 0.41 – 0.06 ng/ml, urine 0.07 – 0.03 ng/

ml) as compared to conservative treatment (ICU: serum

0.26 – 0.06 ng/ml, urine 0.01 – 0.00 ng/ml). The renal function as

estimated by the creatinine clearance did not affect the S100B

elimination into urine. Interestingly, the renal S100B elimination

(S100Burine/S100Bserum) normalized for the creatinine clearance

was significantly attenuated following neurosurgical procedures.

The 10.5 KD monomeric protein S100B is not completely re-

absorbed in the kidneys following an increased release into serum

and urine measurements may thus offer an alternative source to

screen for elevated S100B levels. Major surgery even without

concomitant brain injury does affect S100B serum levels signifi-

cantly. The attenuated renal S100B elimination following CNS

injury suggests a physiological conservation system for neuro-

trophic proteins.
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TREATMENT WITH COMBINED EPO AND BDNF SUP-

PORTS HIPPOCAMPAL NEUROGENESIS AND IMPROVES

FUNCTIONAL OUTCOME FOLLOWING FOCAL TBI

Nicole Bye, Alison Conquest, Alex Gotama, Jeffrey V Rosenfeld,

Maria Cristina Morganti-Kossmann

National Trauma Research Institute, Alfred Hospital and Department

of Surgery, Monash University, Victoria, Australia

Neurogenesis in the hippocampal dentate gyrus (DG) and sub-

ventricular zone (SVZ) is stimulated by traumatic brain injury
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(TBI), and provides a compelling target for novel therapies to

improve recovery following trauma. In this study, we attempted to

augment specific stages of neurogenesis in a closed head injury

(CHI) model of unilateral focal TBI, by treatment with erythro-

poietin (EPO), brain-derived neurotrophic factor (BDNF), or

EPO + BDNF. Adult male C57BL/6 mice were subjected to CHI or

sham-operation. All mice received BrdU (150 mg/kg x2 daily,

days 1–4 post-CHI) to label proliferating cells, and were treated

with EPO (days 0–11 post-CHI) and/or BDNF (days 7–11 post-

CHI), or vehicle. Following twice-weekly functional assessment,

brains were collected at 1,2 and 6 weeks post-CHI (n = 6–8).

Treatment with EPO + BDNF improved behavioral (P < 0.001) and

motor (P = 0.002) outcomes of CHI mice compared to individual

factors and vehicle controls. Numbers of BrdU + cells, DCX +
neuroblasts, and new mature BrdU/NeuN + neurons were not af-

fected by any treatment post-CHI in the SVZ or pericontusional

cortex. However, in the DG, while no treatment affected prolif-

eration at 1 week, EPO + BDNF increased the number of DCX +
neuroblasts at 2 weeks post-CHI by 50% (P < 0.05 vs. vehicle),

and BrdU/NeuN + neurons at 6 weeks by 60% (P < 0.05). These

data demonstrate that a combination of EPO and BDNF, rather

than either factor alone, is necessary to support post-traumatic

neurogenesis.
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CHARACTERISATION OF A NOVEL MODEL OF CHRONIC

TRAUMATIC ENCEPHALOPATHY

Kelly McAteer, Frances Corrigan, Emma Thornton, Corinna van den

Heuvel, Robert Vink

Discipline of Anatomy and Pathology, School of Medical Sciences,

University of Adelaide, Adelaide, Australia

Chronic traumatic encephalopathy (CTE) is a neurodegenerative

disease associated with exposure to repetitive mild traumatic brain

injury (rmTBI). It is characterised by accumulation of phosphory-

lated tau and long-term cognitive deficits. Currently a number of

in vivo models of rmTBI are in development, however there are

concerns with their ability to replicate the human condition. This

study aimed to characterise a model of rmTBI that accurately por-

trays the short and long-term clinical and histopathological features

of clinical CTE. Forty-one male Sprague-Dawley rats were ran-

domly subjected to 0, 1 or 3 mTBIs, spaced 5 days apart, induced by

dropping a 450 g weight from a height of 1 m onto a steel disc

attached to the skull. Motor and cognitive outcomes were assessed in

the 12 weeks post-injury, with histopathology conducted in a sub-

group of animals 24 hrs post-injury. 3 mTBI animals showed mild

learning deficits as reflected by increased escape latency on the

Barnes Maze (p < 0.001) and progressive decline in Y Maze per-

formance, with associated decreased exploratory behaviour on the

Open Field (p < 0.05) reflecting anxiety-like behaviours. Notably, no

motor deficits were recorded on the rotarod at any timepoint fol-

lowing injury. 3 mTBI animals also showed increased tau phos-

phorylation (p < 0.01), astrocyte reactivity (p < 0.05) and microglial

activation (p < 0.001) within the cortex, without overt tissue loss.

The presence of persistent cognitive deficits associated with tau

phosphorylation, in the absence of tissue loss or motor deficits, is

consistent with descriptions of clinical CTE; therefore this may

represent a clinically relevant model to further explore the patho-

physiology of CTE.
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MEASUREMENT OF BIOMARKERS OF BRAIN DAMAGE IN

TBI PATIENTS RECRUITED IN THE EPO-TBI RANDO-

MISED CLINICAL TRIAL

Hellewell SC,1,2 Conquest AL,1,2 Bye N,1,2 Morganti-Kossmann MC3,4,5

1National Trauma Research Institute, Alfred Hospital, Melbourne,

Victoria, Australia
2Department of Surgery, Monash University, Melbourne, Victoria,

Australia
3Department of Epidemiology and Preventive Medicine, Monash

University, Melbourne, Victoria, Australia
4Australian New Zealand Intensive Care Research Centre,

Melbourne, Victoria, Australia
5Barrow Neurological Institute, Department of Child Health,

University of Arizona, Phoenix, AZ, USA

A key problem in the management of traumatic brain injury (TBI) is

the lack of diagnostic measures to elucidate severity of injury, detect

occurrence of secondary insults, and predict long-term outcome.

Serum biomarkers could provide valuable information in both an

acute and a subacute setting, and may assist in the timing of inter-

ventions. By measuring biomarker levels over a time-course, it is

possible to have a direct measure of the ongoing injury state of the

brain, and uniquely, the efficacy of drug treatment in clinical trial.

Erythropoietin (EPO) has been posited as a neuroprotective agent capable

of attenuating secondary pathology after TBI, and showing promising

efficacy in other CNS pathologies such as stroke. EPO-TBI is a pro-

spective, multicentre, double-blind, randomised controlled clinical trial to

assess the efficacy of EPO in patients with moderate to severe TBI.

In this study, a 6 day time-course of serum samples from 56 patients

enrolled in the EPO-TBI trial will be examined for specific biomarkers of

neuronal, axonal and astrocytic damage (S100b [neuronal], UCHL-1

[neuronal], neurofilament 200 kDa heavy chain [NF-200; axonal], and glial

acidic fibrillary protein [GFAP; astrocytic]). Biomarker levels will be

correlated with the Extended Glasgow Outcome Scale (GOSE) 6 months

post-injury.

We hypothesise that the production of biomarkers will be inversely

correlated with the patients’ GOSE scores, and a neuroprotective ef-

fect of EPO will be associated with a decrease in serum biomarker

concentrations. Such a finding could allow biomarkers to be easily

translated into clinical practice for the management and monitoring of

TBI patients.
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EVALUATING APP96-110, A PEPTIDE DERIVED FROM THE

AMYLOID PRECURSOR PROTEIN, AS A NOVEL THER-

APEUTIC AGENT AGAINST TRAUMATIC BRAIN INJURY

Stephanie Plummer,1 Emma Thornton,1 Frances Corrigan,1 Robert

Vink,1 Roberto Cappai,2 Corinna van den Heuvel1

1Adelaide Center for Neuroscience Research, The University of

Adelaide, Australia
2Department of Pathology, The University of Melbourne, Australia

Traumatic Brain Injury (TBI) often results in considerable neurological

damage which occurs through a cascade of deleterious physiological

events over subsequent days. To date, no effective drugs exist to prevent

this. The amyloid precursor protein (APP) and APP96-110 (a peptide

corresponding to APP residues 96-110) have been identified as offering

neuroprotective activity following TBI. This study examined the efficacy

of intravenous administration of a single dose of 2.5lM, 25 lM and
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250lM APP96-110 at 30 minutes following moderate-severe diffuse

impact acceleration injury, to identify an optimal dose. Rats were as-

sessed for motor deficits using the rotarod and cognitive deficits using the

Y maze. Brains were perfused fixed at either 24 hours or 7 days post TBI,

and examined histologically for axonal injury (AI), reactive astrogliosis

(RA) and microglial activation (MA). Rats treated with 25 lM APP96-

110 showed an improvement in both motor and cognitive outcome, an

effect not seen with either the 2.5lM or 250 lM doses. This was ac-

companied by a reduction in AI in the corpus callosum and MA in both

the cortex and corpus callosum at 7 days. Interestingly, the 25 lM

treatment elicited a peak in RA that exceeded vehicle levels at 24 hours

post-injury in the cortex and corpus callosum, but was followed by a

reduction to near-sham level by 7 days, suggesting that early RA may be

a beneficial. This study identifies APP96-110 as a novel therapeutic

option following moderate-severe TBI given its ability to attenuate

neurological deficits, AI and neuroinflammation.
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HYPOTHERMIA IN TBI FOR CONTROL OF IN-

TRACRANIAL HYPERTENSION: STANDALONE THER-

APEUTIC OPTION OR ADJUNCT? (DATA FROM THE

EUROTHERM3235TRIAL IN INDIA)

Deepak Gupta,1 Ashish Bindra,1 Pankaj Kumar Singh,1 Peter

Andrews,2 SS Kale,1 BS Sharma1

1Department of Neurosurgery and Neuroanesthesia, JPN Apex

Trauma Centre, AIIMS, Delhi
2Department of Anesthesia, University of Edinburgh, UK

Hypothermia reduces intracranial pressure, neuroprotectant and reverses

key destructive mechanisms postTBI. Present study tests titrated hypo-

thermia for ICP reduction after TBI. Hypothesis is that therapeutic hypo-

thermia will reduce morbidity/mortality compared to those receiving

standard care. This prospective RCT examines effects of hypothermia (32–

35�C) on raised ICP after TBI. Adults with primary closed TBI with raised

ICP > 20 mmHg for ‡ 5 minutes after first line treatments and with no

obvious reversible cause are randomized to either hypothermia or nor-

mothermia group. Hypothermia initiated with refrigerated 0.9% saline/

maintained using surface cooling blankets. Depth of hypothermia guided

by ICP with higher pressure level warranting cooler target temperature.

Therapeutic hypothermia is maintained for > 48 hours in treatment group

but if there is inadequate response to hypothermia patients are taken up for

decompressive craniectomy. 28 patients (13 in hypothermia group, 15 in

control group), mean age was 35.3 yrs, mean IC was 22.6 and 24 mm Hg in

hypothermia and control group respectively. CT Marshall grade observed

in 18/28 cases. Three patients in each group required decompressive cra-

niectomy and two patients in each developed pneumonia. There were no

coagulation abnormalities in either group. Mean duration of ICU/hospital

stay was 10.2 days/9.5 days and 19.5/18.6 days in normothermia/hypo-

thermia group respectively. Admission was longer in control group (p:NS).

Hypothermia is safe as adjunct to other modalities for controlling ICP in

severe TBI. It is not associated with a longer duration of ICU/ hospital stay

when compared with controls.
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BRAIN EDEMA AND SWELLING PATHOGENESIS AND

OPTIMAL PHARMACOTHERAPY SUBSTANTIATION IN

CASE OF SEVERE CRANIOCEREBRAL TRAUMA

Gorodnik GA, Chukov A

Neurosurgery Department of Donetsk National Medical University,

Donetsk, Ukraine

The research is devoted to clarification of pathogenesis of brain edema

and swelling in dynamics of initial period of traumatic disease among

the patients with severe craniocerebral trauma. The diagnostics of

brain edema and swelling is improved and prognosis of trauma out-

come and cerebral death is elaborated according to clinical, mor-

phological, instrumental, pathophysiological and biochemical

research methods in the dynamics of brain traumatic disease. Dis-

covered morphological changes in the brain under the severe cra-

niocerebral trauma in clinical ways determine the development of

post-traumatic brain edema and swelling. Its manifestation depends on

the grade of brain tissue damage, hemato-encephalitic barrier per-

meability, activation of lipid peroxidation, blood and liquid circula-

tion damage. The method of hydration estimation of components of

inner cerebral content is elaborated by us by means of computed

tomography, that allows us to estimate selectively the degree of brain

white and grey substance manifestation edema and swelling under the

severe craniocerebral trauma. White substance and grey substance

edema-swelling is developed in equal proportions in case of intra-

cranial hematomas and brain contusion development. Within the pe-

riod of 5 days in the development of brain edema and swelling there’s

a high pathogenesis significance of lipid peroxidation products (LPP),

hypernatremia, osmotic pressure changes. These indices may be a

kind of prognostic criteria of craniocerebral trauma outcome. The

decrease in lethality is 19% in case of citicoline (Ceraxon) and ac-

tovegin administration.
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NEW MICRODIALYSIS METHOD FOR PROTEIN BIO-

MARKER SAMPLING IN THE NEUROINTENSIVE CARE

SETTING

Lars Hillered, Andreas Dahlin, Karlis Purins, Magnus Wetterhall,

Jonas Bergquist, Klas Hjort, Per Enblad, Anders Lewén

Div of Neurosurgery, Dept of Neuroscience and Div of Microsystems

Technology, Dept of Engineering Sciences, Div of Analytical Chemistry,

Dept of Chemistry, BMC, Uppsala University, Uppsala, Sweden

Cerebral microdialysis (MD) is currently well established for sampling of

low molecular weight (MW) biomarkers of energy metabolic perturba-

tion and cellular distress in the neurointensive care (NIC) setting. There is

now a growing interest in MD for sampling of protein biomarkers of

secondary injury mechanisms in traumatic brain injury (TBI). Published

data point to inherent problems with this methodology including protein

adhesion, protein-protein interaction and biofouling, potentially leading

to unstable MD catheter performance, i.e., fluid recovery (FR) and ex-

traction efficiency (EE). Our recent results suggest that a surface modi-

fied MD catheter in combination with high MW colloid addition to the

perfusate leads to a more robust in vitro performance with less protein

adsorption, optimized FR and improved EE.

In the present work we tested the new MD method in a porcine brain death

model. Two adjacent MD catheters (71 High Cut-Off Brain Microdialysis

Catheter, M Dialysis AB, Stockholm, Sweden), one naı̈ve and one surface

modified by Pluronic F-127, inserted in the frontal cortex, were perfused

with mock CSF with 3% Dextran 500 addition. Naı̈ve catheters showed an

unstable FR sensitive to ICP changes which was stabilized by surface

modification. Routine low MW biomarkers analyzed with the ISCUSflex

showed a similar and expected response to the step-wise ICP elevation for

both catheters. MD samples were analyzed by iTRAQ + nanoflow LC-MS/

MS identifying 17 proteins in all 7 pigs with ‡ 95% confidence. These

proteins showed a more homogenous response to the ICP intervention in

surface modified MD catheters with an improved EE for most of the pro-

teins. The new MD method appears to be a promising tool for more accurate

protein biomarker sampling in the NIC setting.

A-22



73

EFFECTS OF HYDROSTATIC CEREBROSPINAL FLUID

PRESSURE IN DIFFERENT BODY POSITIONS ON CERE-

BROSPINAL FLUID MOVEMENT

Klarica M,1 Vukić M,2 Radoš M,1 Jurjević I,1 Erceg G,1 Petošić A,3

Orešković D4

1Department of Pharmacology, School of Medicine, University of

Zagreb and Croatian Institute for Brain Research, Zagreb, Croatia
2Department of Neurosurgery, School of Medicine University of

Zagreb, Zagreb
3Department of Electroacoustics, Faculty of Electrical Engineering,

and Computing, University of Zagreb, Zagreb, Croatia
4Department of Molecular Biology, RuCer Bošković Institute, Zagreb,

Croatia

According to classical hypothesis of cerebrospinal fluid (CSF) phys-

iology, it is clear that the pressure gradient which enables the unidi-

rectional CSF circulation should include the following: the highest

pressure value has to be at the site of the CSF secretion inside the

ventricles, it should be somewhat lower in the cisterna magna and

around the subarachnoid space, and the lowest at the site where CSF is

passively absorbed. However, unknown factors determine CSF pres-

sure inside craniospinal space during body position changes. In this

paper a new CSF pressure regulation hypothesis is proposed. Ac-

cording to this hypothesis, the CSF pressure depends on the laws of

fluid mechanics and on the anatomical characteristics inside the cra-

nial and spinal space, and not, as is today generally believed, on CSF

secretion, circulation and absorption. The volume and pressure

changes in the newly developed CSF model, which by its anatomical

dimensions and basic biophysical features imitates the craniospinal

system in cats, are compared to those obtained on cats with and

without the blockade of craniospinal communication in different body

positions. During verticalization, a permanent appearance of negative

CSF pressure inside the cranium without changes in the blood and

CSF volume was observed. CSF pressure gradients change depending

on the body position, but those gradients do not enable unidirectional

CSF circulation from the hypothetical site of secretion to the site of

absorption in any of them. Thus, our results indicate the existence of

new physiological/pathophysiological correlations between CSF and

blood inside the craniospinal space.
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EFFECTS OF OSOMOTIC AND HYDROSTATIC PRESSURE

CHANGES ON CEREBROSPINAL FLUID VOLUME REG-

ULATION

Vukic M,1 Maraković J,2 Chudy D,2 Jurjević I,3 Orešković D,4 Klarica M3

1Department of Neurosurgery, Clinical Hospital Center Zagreb
2Department of Neurosurgery, Clinical Hospital Dubrava, Zagreb
3Department of Pharmacology, School of Medicine University of

Zagreb and Croatian Institute for Brain Research, Zagreb
4Department of Molecular Biology, RuCer Bošković Institute, Zagreb,

Croatia

It is not known how hydrostatic and osmotic changes in cerebral blood

and CSF affect the CSF volume and pressure. In order to examine this,

we used three different models on cats (ventriculo-cisternal perfusion,

free drainage model, and ventriculo-aqueducal perfusion). Using the

model of ventriculo-aqueductal perfusion, which has been developed

in our laboratory, it has been noticed that there is no net formation of

CSF volume inside the isolated ventricles, even during the period of

several hours. Namely, during the perfusion of ventricular system by

isoosmolar mock CSF, the same volume that has been infused was

also collected. However, an increase of the perfusate osmolarity in-

stantly leads to an increase of the output volume, and even greater

output volume is collected if the same hyperosmolar mock CSF is

used to perform a ventriculo-cisternal perfusion (perfusion accross the

greater/wider CSF system surface). It was noticed on the models of

spontaneous CSF leakage that an increase of the blood osmolarity

decreases the output CSF volume, and that a decrease of blood os-

molarity increases the output CSF volume, together with a decrease in

cerebral metabolites concentration, such as 5-HIAA and HVA. These

results clearly indicate that CSF volume inside the isolated ventricles,

as well as inside the entire CSF system, is under the influence of/

controlled by osmotic forces that exist inside the CSF system and

CNS microvessels.
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TBI IN AN AGING POPULATION WITH CO-MORBIDITIES

AND THEIR THERAPIES

Fiona Lecky,1,2 Tom Stacey,2 Tony Kehoe,3 David Yates2

1Emergency Medicine Research in Sheffield, Health Services

Research, School of Health and Related Research, University of

Sheffield
2Trauma Audit and Research Network University of Manchester
3Plymouth Hospitals NHS Trust

The Trauma Audit and Research Network (TARN) is the largest

European trauma and TBI registry. It has been collecting data and

auditing trauma care since 1989 in English, Welsh and European

trauma receiving hospitals. It now contains detailed records of 80,000

TBI victims. In 2000 only 20% of all TBI victims were over 65 years

but the proportion is now > 30% in 2013. During my presentation I

will highlight the findings of TARN data to demonstrate that older

TBI victims differ from younger adults in terms of

(i) A higher prevalence of low energy falls and pre-existing

diseases.

(ii) A higher presenting Glasgow Coma Score but worse

outcome for any given TBI in low energy falls, particu-

larly in patients with co-morbidity.

(iii) Types of co-morbidity that increase exponentially in

prevalence with ageing, and those that reduce with age.

(iv) Some of the management challenges that this increasingly

important group present to clinicians with particular ref-

erence to anti-coagulation, and likely benefit (or/not) from

specialist care

The presentation will utilise published and unpublished TARN ana-

lyses and refer to other published work where relevant, together with

the latest iteration of NICE Head Injury Guidance (2014).
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MULTI-TARGET, DUAL-ELECTRODE DEEP BRAIN STI-

MULATION OF THE THALAMUS AND SUBTHALAMIC

AREA FOR TREATMENT OF HOLMES’ TREMOR AFTER

BRAIN INJURY

Kazutaka Kobayashi, Atsuo Yoshino, Yoichi Katayama

Division of Neurosurgery, Department of Neurological Surgery,

Nihon University School of Medicine, Tokyo, Japan
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Post-traumatic tremor is the most common movement disorder that

results from severe brain injury. It can occur within a month or years

after the actual trauma and can include resting, postural, kinetic, and

intention tremor. The combination of resting, postural, and intention

tremor is often referred to as Holmes’ tremor (HT). The tremor is

defined by the following criteria proposed by the Movement Disorder

Society: (1) the presence of both resting and intentional tremor, (2) a

slow frequency, usually below 4.5 Hz, and (3) a variable delay be-

tween lesion occurrence and first appearance of the tremor. Deep brain

stimulation (DBS) therapy for essential tremor and Parkinsonian tre-

mor has been quite successful. On the other hand, outcomes of sur-

gical treatment for HT have been disappointing. The authors applied

two DBS electrodes (one at Vo/Vim and the other at the subthalamic

area) in four HT patients including a case of post-traumatic tremor.

Tremor at rest and intention tremor in all patients were improved

significantly. Stimulation with both electrodes provided greater effects

on tremor than stimulation with one electrode. The presence of tremor

at rest and intentional tremor suggests the combined destruction of the

pallidothalamic and cerebellothalamic pathways. Therefore, a larger

stimulation area may be required in cases of HT.
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INDICATORS OF QUANTITATIVE EEG CAN BE USED TO

PREDICT RECOVERY OF CONSCIOUSNESS IN ACUTE

CEREBRAL INSUFFICIENCY OF VARIOUS ORIGINS

TV Cherniy, KG Gorodnik, MA Andronova, GA Gorodnik,

IA Andronova, AA Chukov

Vascular Neurosurgery Department, Donetsk Regional Territorial

Medical Association, Donetsk, Ukraine

103 patients (aged from 28 to 67 years) with severe traumatic brain

injury (STBI) - 55 patients, with acute stroke (AS) - 48 patients - we

examined. The depth of coma was estimated using the Glasgow Coma

Scale (GCS). EEG recordings using neurophysiological complex with

an Medicor electroencephalograph were performed.

Levels of 1st integral coefficient ((d + h + b1) / (a + b2)) in 32 patients

with acute cerebral insufficiency was fixed within Me ( – 95%) = 4.36

(3.55 – 5.04) (1 group) and were higher (p £ 0,05) parameters in 51

patients (Me ( – 95%) = 3.23 (3,11-3,6)) (2 group). The complex of

intensive therapy included drug Gliatilin a daily dose of 1000–

2000 mg. By the 7th day of treatment in group 1 score GCS increased

to Me ( – 95%) = 12 (11–14), but was lower (p £ 0,05), than in group 2-

Me ( – 95%) = 14 (13–15).

The values of the 1st integral coefficient of less than 3,5 corresponded

to higher levels of AFM in the range of 0–1 Hz, 4–5 Hz and 6–8 Hz,

associated with functional viability neuroglial, adrenergic and cho-

linergic activity of CNS. Reduction in neurological deficit GCS in 1st

group study took place more slowly than in 2nd group.
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BIOMARKERS OF MILD TBI

Bo-Michael Bellander

Dept Clinical Neuroscience, Section for Neurosurgery, Karolinska

Institutet, Solna, Sweden

Minor head injury represents 95% of all head injuries. Management

involves in-hospital observation and/or computed tomography (CT). In-

hospital observation is relatively expensive. Risk of deterioration in

patients presented as GCS 15 and an early negative CT scan is low,

approximately 1/21.700, but CT is often impractical. Between 37–51%

of the TBI patients are alcohol intoxicated, with a subsequent risk of

aspiration and poor quality CT scans due to uncontrolled movements. CT

involves potentially harmful ionizing radiation. Furthermore, only a

limited number of patients with mild head injury have intracranial in-

juries and even fewer require neurosurgical intervention. The astrocytic

protein S100B has been suggested to detect intracranial pathology, and

the risk of a negative S100B sample despite positive findings on CT is

regarded low. A total of 6 patients out of 2.466 (0.26%) included in a

review study showed low S100B serum levels despite positive CT scans

but only 1 of these patients (0.04%) had a clinically relevant CT finding.

Approximately one third of performed CT scans on patients suffering

from MHI have been regarded possible to omit in a defined patient

group. The role of the biomarker S100B in the assessment of patients

suffering from mild head injury is discussed.
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THE NEUROPROTECTIVE THERAPEUTIC WINDOWS FOR

INHIBITING POST-TBI SECONDARY INJURY ARE SIMI-

LAR IN ANIMALS AND HUMANS

Edward D Hall

University of Kentucky, College of Medicine, Spinal Cord & Brain

Injury Research Center, Lexington, KY, USA

Over the last three decades there has been intense effort to discover

pharmacological or hypothermic neuroprotective therapies to limit sec-

ondary injury after traumatic brain injury (TBI) in animal (mostly rodent)

models and to translate those into improved survival and neurological

outcome in large phase II and III clinical trials. However, despite often

impressive results in the animal models none of the trials have revealed

clinical efficacy in terms of improving the primary outcome measure.

Many plausible reasons have been identified for the failure to achieve

successful translation from mouse and rat TBI models to man (Narayan

et al., J. Neurotrauma 19:503-557, 2002). One of the contributors has

been a lack of comparison of the time course of the targeted secondary

injury mechanism in animals and man. It has long been assumed that

since mice and rats have higher metabolic rates than humans, the evo-

lution of post-TBI secondary injury is likely to be faster in the animal

models compared to humans. Accordingly, TBI clinical trials to date

have been designed with a time to treatment in excess of what was

predicted for the therapeutic efficacy window predicted from animal data.

In contrast, recent biomarker results will be presented comparing the time

courses of oxidative, mitochondrial and proteolytic damage in animals

versus man suggesting that the progression of secondary injury mecha-

nisms, and accordingly the neuroprotective efficacy window, may not be

significantly different between rodent and the human. If true, then future

clinical trials need to be designed such that the demonstrated preclinical

therapeutic efficacy window is taken more literally.
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PRE-CLINICAL DISCOVERY SESSION PRO AND CON

Esther Shohami

Dept. of Pharmacology, Institute of Drug Research, The Hebrew

University School of Pharmacy, Jerusalem, Israel

In spite of numerous pre-clinical studies, which taught us about the

pathophysiology of TBI, and novel promising therapeutic agents which

were tested in clinical trials, careful perusal of the results of the human

studies shows that, to date, the attempts to translate from the bench to the

clinic failed. Several barriers may account for this failure to crossing the
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translational gap. These include either using inappropriate animal mod-

els, mainly the lack of pre-clinical studies with large animals, or lack of

long-term monitoring of the clinically relevant physiological parameters

and the functional and cognitive outcomes in the small animal models.

However, the failure to successfully translate therapeutic modalities into

human TBI may not result only from limitations of the animal models or

the lack of adequate monitoring. Of no less importance is the lack of

proper translation of the timing or the dosing for treatment. As an ex-

ample of the failure to achieve a successful translation probably due to a

poor clinical study design, this presentation will review how the NMDA

antagonists, that were shown to be beneficial in many experimental

models of TBI, failed in the clinical application.
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ALCOHOL AND LONG-TERM MORTALITY FOLLOWING

SEVERE TRAUMATIC BRAIN INJURY

Rahul Raj, Markus Skrifvars, Riku Kivisaari, Juha Hernesniemi,

Jaakko Lappalainen, Jari Siironen

Departments of Neurosurgery and Intensive Care Medicine, Helsinki

University Hospital, Helsinki, Finland

Positive blood alcohol concentrations (BAC) have been associated

with a lower risk of short-term mortality in TBI patients. However,

little is known about the relationship between BAC and long-term

mortality, or the influence of chronic alcohol abuse (CAA). A retro-

spective analysis of all TBI patients admitted to a neurosurgical ICU

during a four-year period (2009–2012), who had BAC measured on

admission, was conducted. Patients were categorized as: no (0.0&),

low ( < 2.3&) and high ( ‡ 2.3&) BAC with or without CAA. Mul-

tivariate logistic regression analysis was used to assess the indepen-

dent relationship between BAC, CAA and 6-month mortality,

adjusting for markers of injury severity using the IMPACT (Interna-

tional Mission for Prognosis and Analysis of Clinical Trials in TBI)

prognostic model, independent of GCS variables as BAC is known to

impede with these. Of 400 patients included; 25% were classified as

no, 34% as low and 41% as high BAC; 47% had a history of CAA. In

univariate analysis, patients with CAA had a significantly lower

mortality compared to those with no CAA (30%, 17%, p = 0.003) and

trend towards a lower mortality in patients with low BAC compared to

high and no BAC was noted (18%, 30%, 24%, p = 0.080). After ad-

justing for markers of injury severity, CAA (OR 2.07, 95% CI 1.16-

3.70) and low BAC (OR 0.44, 95% CI 0.21-0.96) showed a significant

association with 6-month mortality. Our results show that low BAC

significantly decreases while a history of CAA significantly increases

the risk of six-month mortality following TBI.
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A NOVEL MOUSE MODEL OF PENETRATING TBI

Stefan Plantman, Marten Risling, Johan Davidsson

Departement of Neuroscience Karolinska Institutet Stockholm,

Sweden

A penetrating traumatic brain injury (pTBI) occurs when an object

hits the head with sufficient force to penetrate the skin, skull, and

meninges, and inflict injury directly to the brain parenchyma. This

type of injury has been notoriously difficult to model in small labo-

ratory animals. We recently developed a rat model for pTBI (Plant-

man et. al. J Neurotrauma 2012 29:1219-32). The present study

describes the adaptation of this model for use with mice. Our novel

pTBI model is based on a modified air rifle that accelerates a pellet,

which in turn hits a small probe that then causes the injury to the

animal’s brain. The speed and depth of penetration is controlled by

adjusting the loading pressure in the air-rifle. The present study in-

cludes a technical characterization of issues such as the relationship

between loading pressure and depth of penetration. Further, we have

characterized the tissue destruction, including increasing cavity for-

mation, neuronal degeneration, blood-brain barrier defects, and glio-

sis. We also evaluated basic outcome measures (survival, weight gain

and performance on rotarod). We expect this model will prove useful

in our efforts to unravel the biological events underlying injury and

regeneration after pTBI.
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THE STOCKHOLM EXPERIENCE OF INTRASPINAL

PLEXUS REPAIR

Thomas Carlstedt, T Hultgren, K Pedersen, M Svensson

Dept Hand Surgery, Södersjukhuset and Dept Neurosurgery

Karolinska Sjukhuset, Stockholm, Sweden

There is a 20 years’ experience of intraspinal repair of plexus injuries in

Stockholm. This surgery has been performed in obstetrical lesions, in

children and adults with traumatic brachial plexus injuries as well as in

lumbosacral plexus lesions. An obvious lesson from this experience is

the narrow time window for the surgery to be successful. Expected

outcome if surgery is performed within 1 month after trauma is a useful

shoulder and elbow function with pain alleviation. The most successful

case was a preadolescent boy who after surgery had return of useful arm

as well as hand function together with elimination of serious pain. The

worst case had a late operation that did not help in functional restoration

or pain alleviation. Obstetrical cases had no benefit from late intraspinal

repair. Repair of root ruptures in lumbosacral plexus injury has led to

useful functional return in proximal hip and leg muscles.
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CHITOSAN-BASED BIOMATERIALS FOR CLOSURE OF

DURAL DEFECTS

Maksym Pogorielov, Kravtsova A, Kalinkevich O, Deyneka V,

Kalinkevich A, Pyatikop V, Kutovoy I

Sumy State University, Medical Institute, Sumy, Ukraine Applied

Physic Institute, Sumy, Ukraine Kharkov National Medical University,

Neurosurgical Department, Kharkov, Ukraine Kharkov Regional

Clinical Hospital, Neurosurgical Department, Kharkov, Ukraine

Closure of dural defects is a necessity after neurosurgical procedures

to prevent cerebrospinal fluid leakage and to reduce the risk of peri-

operative infections. Reconstruction of the dura mater with endoge-

nous material becomes very common. However, harvesting of

periosteum or fascia lata may require extended surgical approach,

additional incisions and time intensive suturing. A wide range of

biomaterials, both of natural and synthetic origin, are being investi-

gated for potential applications in dural defect repair.

Biocompatibility, nontoxicity and lack of antigenic activity represent

the key determining criteria to create new biomaterials. Antibacterial

properties and ability to stimulate regenerative processes are the de-

sirable properties of new biomaterials. Chitosan is one of the high-

promising bases for it.

Thus, the aim of our research is to create a biocompatible and non-

toxic chitosan-based material to repair dural defects. Besides, we

evaluate its biological properties.

The artificial membrane was prepared in 3% chitosan solution (mo-

lecular weight - 200 kDa, degree of deacetylation - 80 – 90%) with

addition of chitin in ration 50:50. The film was made of it; then the
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film was treated with 5% NaOH and glycerin solution to improve

elasticity. We examined membranes for certain characteristics: tensile

strength, rate of biodegradation and biocompatibility.

Our results appeared to confirm high strength properties that were

slightly different from those of the native dura. Regarding to the rate

of biodegradation this material can be applied as a permanent material

to repair dural defects.

85

ACUTE ANTAGONISM OF THE COMPLEMENT ANAPHY-

LATOXIN RECEPTOR C5aR IMPROVES THE OUTCOME

FROM EXPERIMENTAL SPINAL CORD INJURY

Marc J Ruitenberg,1,2 Faith H Brennan,1 Richard Gordon,1 Linda V

Blomster,1 Hong Wa Lao,1 Gary J Cowin,3 Stephen M Taylor,1 Trent

M Woodruff1

1School of Biomedical Sciences, The University of Queensland,

Brisbane, Australia
2Queensland Brain Institute, The University of Queensland, Brisbane,

Australia
3Centre for Advanced Imaging, The University of Queensland,

Brisbane, Australia

We investigated the role of the complement activation fragment C5a

in secondary immunopathology following contusive spinal cord injury

(SCI). Using C5ar-/- mice, which lack the G protein-coupled receptor

for C5a, we show that C5a signaling during the acute phase of SCI is

injurious as C5ar-/- mice displayed significantly improved recovery at

7 days post-SCI. Acute pharmacological blockade of C5aR with the

selective antagonist PMX205 (1 mg/kg; day 0–7) similarly improved

outcomes for up to at least 35 days post-SCI. Intriguingly, the early

signs of improved recovery in C5ar-/- mice deteriorated in the post-

acute phase (day 14 onward) and absence of C5aR ultimately led to

worsened SCI outcomes, i.e., poorer functional recovery, greater le-

sion volumes and reduced white matter sparing, compared to wild

type (WT) mice. Continuous treatment of WT mice with the C5aR

antagonist PMX205 recapitulated the C5ar-/- phenotype, thereby

confirming the dual nature of C5a signaling and indicating that C5aR

serves a more reparative role in the post-acute phase of SCI. Ex-

periments in bone marrow chimeric mice revealed that the dual and

opposing roles of C5aR in SCI were mostly mediated via cells that are

resident to the CNS and not infiltrating leukocytes. Additional in vivo

and in vitro experiments showed that C5a signaling is required for

astrocyte proliferation, suggesting that impaired glial scar formation

may underpin the ultimately worsened recovery of C5ar-/- mice from

SCI. Collectively, these findings highlight the complexity of the in-

flammatory response to SCI and stress the importance of optimizing

the timing of therapeutic interventions.
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PIVOTAL ROLE OF VASOPRESSIN V1A RECEPTORS FOR

BRAIN EDEMA FORMATION, SECONDARY BRAIN DA-

MAGE AND REGULATION OF CEREBRAL AQUAPORINS

FOLLOWING TRAUMATIC BRAIN INJURY IN MICE

Katrin Rauen,1 Raimund Trabold,1 Viorela Pop,2 Jerome Badaut,2

Nikolaus Plesnila1,3

1Institute for Surgical Research & Department of Neurosurgery,

University of Munich Medical Center, Munich, Germany
2Department of Pediatrics, Loma Linda University School of

Medicine, Loma Linda, CA, USA
3Institute for Stroke and Dementia Research (ISD), University of

Munich Medical Center, Munich, Germany

Brain edema formation is well known to result in secondary brain

damage and unfavorable outcome following TBI. Aquaporins,

ubiquitous and highly specific water channels, mediate post-trau-

matic brain edema formation, but the mechanisms of their cerebral

regulation remain still unclear. The current study was carried out to

elucidate whether arginine-vasopressin V1a receptors mediate post-

traumatic brain edema formation through regulation of cerebral

AQPs. WT and V1a
-/- mice were subjected to CCI (8 m/s, 1 mm).

Brain water content (baseline/ 24 h), secondary contusion volume

(15 min/ 24 h), neurological outcome, body weight and mortality

were observed over 7 days. AQP1 and AQP4 mRNA were quantified

by RT-PCR (baseline/ 24 h). AQP1 and AQP4 were localized and

quantified by immunohistochemistry ( + / - NeuN, GFAP) (base-

line, 15 min, 1, 3, 12 or 24 h). AQP4 mRNA was constitutively

expressed in astrocytes. AQP1 mRNA was up-regulated in neurons

24 h after trauma. V1a receptor-deficient mice had less post-trau-

matic brain water content, reduced secondary contusion volume,

better neurological outcome and reduced weight-loss following

TBI. Both AQP1 and AQP4 were regulated in a V1a receptor de-

pendent manner after TBI. AQP1 immunoreactivity increased in the

contralateral hemisphere, while AQP4 was mainly up-regulated in

the traumatized brain. V1a receptor deficiency decreases post-trau-

matic brain edema and secondary brain damage. AQP1 was found

on cortical neurons. Up-regulation of AQP1 and AQP4 is mediated

by V1a receptors leading to post-traumatic brain edema formation.

Thus, V1a receptors may represent novel therapeutic targets for the

treatment of aquaporin-mediated brain edema formation.
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TREATMENT WITH ETIFOXINE IMPROVES FUNCTIONAL

RECOVERY FOLLOWING TRAUMATIC BRAIN INJURY IN

RATS

Emmanuelle Simon O’Brien, Marc Verleye

Biocodex

Etifoxine (EFX) is a non benzodiazepine compound exhibiting

anxiolytic properties in the treatment of adjustment disorders with

anxiety in humans1. An enhancement of GABAergic neurotrans-

mission underlies its anxiolytic profile directly after binding on the

GABAA receptor or indirectly, involving the activation of trans-

locator protein 18 kDa (TSPO) that leads to an increase in the

synthesis of neuroactive steroids with GABAergic properties2.

Considering that the GABAergic system is involved in the phys-

iopathology of traumatic brain injury (TBI), and also that TSPO is

upregulated in response to injury3, we evaluated the effects of EFX

on recovery of sensorimotor function in a rat model with mild TBI.

Male Sprague-Dawley rats were treated with etifoxine (EFX;

50 mg/kg, i.p.) or saline (5 mL/kg) and received contusion injuries

or sham injuries centered directly lateral to bregma over the left

sensorimotor cortex. EFX treatment was administered 30 min fol-

lowing injury and every day during 7 days. Rats were tested on a

variety of tests to measure sensorimotor performance (bilateral

tactile adhesive removal test, limb-use asymmetry test and tapered

beam walk test). Brain-injured rats exhibited significant sensori-

motor function deficits compared to sham-injured rats. After two

days of EFX treatment, behavioral impairments observed on the

bilateral tactile adhesive removal test, the limb-use asymmetry test,

and the tapered beam walk test were significantly reduced. The

present results showed that the GABAergic compound EFX

improved functional recovery following mild TBI in rats. These

A-26



current findings suggest that etifoxine may have therapeutic

potential for the treatment of TBI.
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INTRACRANIAL HYPERTENSION MODEL IN PIGS: AS-

SESSMENT WITH TRANSCRANIAL DOPPLER AND IN-

TRACRANIAL PRESSURE MONITORING

Almir Ferreira de Andrade, Matheus S, Gustavo C Patriota, Alessandro

Belon, Wellingson S Paiva, Brasil P Jeng, Edson Bor-Seng-Shu, Marcelo

Oliveira, Clarissa Nascimento, Robson Amorim, Eberval G Figueiredo,

Jose P Otoch, Manoel J Teixeira

Division of Neurosurgery and Laboratory of Surgical Technique at

University of Sao Paulo Medical School, Sao Paulo, Brazil

Objective: Intracranial hypertension (IH) develops in approximately

50% of all patients with severe traumatic brain injury (TBI).

Therefore, it is very important to identify a suitable animal model to

study and understand the pathophysiology of refractory IH to de-

velop effective treatments. Methods: We describe a new experi-

mental porcine model designed to simulate expansive brain

hematoma causing IH. Under anesthesia, IH was simulated with a

balloon insufflation. The IH variables were measured with intra-

cranial pressure (ICP) parenchymal monitoring, epidural, cerebral

oximetry, and transcranial Doppler (TCD). Results: None of the

animals died during the experiment. The ICP epidural showed a

slower rise compared with parenchymal ICP. We found a correlation

between ICP and cerebral oximetry. Conclusion: The model de-

scribed here seems useful to understand some of the pathophysio-

logical characteristics of acute IH.
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MODERATE TRAUMATIC BRAIN INJURY: ACUTE PHASE

COURSE AND DEVIATIONS IN PHYSIOLOGICAL VARI-

ABLES IN THE INTENSIVE CARE UNIT AND AT THE WARD

Stine Borgen Lund,1 Kari H Gjeilo,2,5 Kent G Moen,1,6 Kari

Schirmer-Mikalsen,3,5 Toril Skandsen,4,6 Anne Vik1,6

1Dept. of Neurosurgery
2Dept. of Cardiothoracic Surgery
3Department of Anaesthesia and Acute Medicine
4Dept. of Physical Medicine and Rehabilitation, St. Olavs Hospital,

Trondheim University Hospital
5Dept. of Circulation and Medical Imaging
6Dept of Neuroscience, Norwegian University of Science and

Technology (NTNU)

Patients with moderate traumatic brain injury (TBI) have no

guidelines for observation and treatment in the acute phase. The

aim of this study was to describe the acute phase course in a cohort

of moderate TBI patients. We also studied deviations in physio-

logical variables based on guidelines for severe TBI the first three

days post-injury. During a 5-year period (2004–2009), 119 adults

( > 16 years) according to the Head Injury Severity Scale were

admitted to a level 1 trauma center. The cohort was divided into

patients staying ‡ 3 days at an Intensive Care Unit (ICU patients)

and patients who did not stay or stayed < 3 days at an ICU (non-

ICU patients). Injury-related and acute phase data were collected

prospectively, while deviations in physiological variables (hypo-

tension, hypoxia, hyperthermia, hyponatremia, hyperglycemia and

anemia) were collected retrospectively. 84% of the patients were

admitted to an ICU the first day, and 52% stayed ‡ 3 days in ICUs.

The ICU patients had lower median Glasgow Coma Scale score,

higher median Injury Severity Score and more subdural hematomas

than the non-ICU patients (p < 0.05). Frequency of evacuation of

intracranial mass lesions was similar in the groups (13%). More

ICU patients had hypoxia (58%), hyperglycemia (65%), hyper-

thermia (60%) and anemia (53%) than non-ICU patients (p < 0.05).

More than 50% of moderate TBI patients stayed in ICUs ‡ 3 days

due to intra- and extracranial injuries. The ICU patients had more

deviations in physiological variables than the non-ICU patients,

and lack of guidelines for moderate TBI patients may allow devi-

ations to pass uncorrected.
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BRAIN EDEMA RESPONSE FOLLOWING EXPERIMENTAL

FOCAL TRAUMATIC BRAIN INJURY

Jonas Blixt, Svensson M, Gunnarson E, Wanecek M

Department of Physiology and Anatomy, Faculty of Medical Sciences,

Karolinska Institute, Stockholm, Sweden

The pathophysiological course following traumatic brain injury

(TBI) often involves development of brain edema. The therapeutic

options are limited and few are targeting the mechanisms. Changes

in the function of the blood brain barrier (BBB) and variations in

the expression of aquaporins (AQP), allowing water movement

between different compartments in the brain, have been suggested

to be involved. In order to study these mechanisms and their dy-

namic response to TBI, rats were subjected to blunt controlled head

trauma. We performed MR imaging, immunohistofluorescence,

immunohistochemistry and quantitative protein analysis on day 1

and 4 after trauma. Non-traumatized animals served as controls.

The TBI resulted in a significant midline shift and a 12% decrease

in ADC, indicating a hemispheric enlargement due to cytotoxic

edema. The presence of IgG in the perilesional brain tissue was

increased by 18%, which was associated with a 25% decrease of the

anchoring tight junction protein zona occludens-1, both findings in

accordance with a BBB breakdown. Immunohistofluorescence and

Western blot showed that the total amount of AQP4 protein de-

creased by 18%. The disruption of the BBB and the hemispheric

enlargement were present at both day 1 and 4 after trauma while the

decreased AQP4 protein levels were restored at day 4. In summary,

the findings indicate that focal brain injury results in an edema

response involving both cytotoxic and vasogenic types, a persistent

BBB breakdown and a temporary decrease in AQP4 and suggests

that both types of edema should be targeted in traumatic brain

edema treatment.
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A MODEL FOR IN VITRO HIGH-ENERGY TRAUMA

Yuli Cao, Mattias K Skold, Elisabeth Malm, Anders Sonden, Marten

Risling

Department of Neuroscience, Karolinska Institute, Solna, Sweden

A model for high-energy in vitro trauma designed and evaluated. The

flyer-plate accelerates a metal fragment hitting cell-cultures and

traumatises with good reproducibility. Glioma, caco2, and neuro-

blastoma are used to characterise post-trauma cellular events. The

observations include micrographing, automated imaging (Cell IQ),
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mitosis (BrdU-DAPI), and Gene Arrays. Cell-cultures were micro-

graphed five times, up to 26 hr post-trauma. Significant regeneration

was seen in all cell types (lesion-size change in time), P < 0.0001.

Regeneration rate was different between cell-types, P < 0.0001. The

cell-type specific regeneration also changed over time, P < 0.0001.

Time-lapse imaging analysis 1st-26th hr post-trauma showed, that

all cell-types underwent regeneration. Traumatised colonies’ cell-

growth was more pronounced than that of the controls. Lesion

periphery makes us especially curious - a less cell-dense zone

between the cell-free lesion and confluent zone. BrdU-DAPI

stained neuroblastoma and glioma 24 hr post-trauma was employed

to explore zonal differences. In both cell-types, mitosis percentage

is higher in the lesion periphery than the confluent zone and in the

controls. The mitotic activity differed between the cell-types.

Distinct expression profiles were seen in 24 hr post-trauma neuro-

blastoma and glioma. These preliminary array data also reflected

some pathophysiological responses to trauma. Regeneration in this

model is cell-type specific. Mitosis level in lesion periphery differs

from the confluent zone and controls, as well as between cell-types.

We find the flyer-plate an advantageous cell model to explore high-

energy trauma yet poorly understood.
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TRAUMATIC AXONAL INJURY AND THE IMPORTANCE

FOR REDUCTION OF GLASGOW COMA SCALE SCORE: AN

MRI STUDY
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In the common grading of traumatic axonal injury (TAI grades 1–3)

thalamus lesions are classified as grade 1 and brain stem lesions as

grade 3. We wanted to develop a modified TAI grading to investigate

which TAI locations that had the most profound impact on con-

sciousness.

98 patients with moderate to severe traumatic brain injury (TBI)

without mass lesions were prospectively included and GCS scores

were registered. Analyses of early MRI (FLAIR, T2*GRE and DWI,

median 8 days, range 0–28) were done blinded for clinical informa-

tion. The modified TAI grading was: no TAI group (n = 15), TAI

group 1 (hemispheric lesions; n = 23), TAI group 2 (corpus callosum,

unilateral brain stem- and/or unilateral thalamus lesions; n = 46), and

TAI group 3 (bilateral brain stem- and/or bilateral thalamus lesions;

n = 14).

Median GCS score was 12 (IQR: 9–13) in the no TAI group, 10 (IQR

8–13) in TAI group 1, 9 (IQR 6–11.25) in TAI group 2, and 4 (IQR 3–

6) in TAI group 3.

A linear decrease in GCS-score was found for these modified TAI-

groups (Kendall’s tau: - 0.387, p < 0.001). Patients in TAI group 2

had significantly higher GCS scores than those in TAI group 3

(p < 0.001), whereas the common TAI grading showed no differ-

ences between patients with TAI grade 2 and 3 (p = 0.521). The

modified TAI grading correlated with GCS score and differentiated

between TAI groups 2 and 3. Hence, this new grading could be a

purposeful way of grouping TAI lesions in patients with moderate

to severe TBI.
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INJURED SPINAL CORD PRESSURE EVALUATION (ISCoPE)

STUDY: EXPANSION DUROPLASTY REDUCES SPINAL CORD

PRESSURE IN ACUTE SPINAL CORD INJURY
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Zoumprouli A, Papadopoulos MC
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We recently described a novel method to monitor intraspinal pressure

(ISP) and spinal cord perfusion pressure (SCPP) after severe traumatic

spinal cord injury (tSCI) at the level of maximal cord swelling1. High ISP

in tSCI was not effectively reduced by laminectomy, suggesting cord

compression against dura. We hypothesize expansion duroplasty lowers

ISP and improves SCPP. 7 patients with severe tSCI (ASIA A-C) had

open reduction of spinal fracture, posterior fixation and laminectomies

within 72 hours of injury. The dura and arachnoid were incised poste-

riorly in the midline. A subdural pressure probe was inserted at the level

of injury. Expansion duroplasty was done by suturing an elliptical col-

lagen patch to the dural margin followed by fibrin glue. ISP and radial

arterial blood pressure were monitored for 7 days. We calculated SCPP

(mean arterial pressure, MAP, -ISP) and spinal pressure reactivity index

(sPRx). AP dural diameter at the level of injury on T2W MRI increased

after laminectomy and expansion duroplasty compared to laminectomy

alone (58.7% – 37.4%, n = 7, vs. 21.0% – 18.3%, n = 6, p < 0.05). In 3

patients the injured spinal cord expanded into the expansion duroplasty

space. Compared with our non-duroplasty cohort, expansion duroplasty

reduced mean ISP (20.3 – 6.2 vs. 13.3 – 6.7 mmHg, P < 0.05), increased

mean SCPP (68.2 – 14.3 vs. 86.8 – 15.6 mmHg, P < 0.05) and improved

sPRx (0.15 – 0.08 vs. 0.02 – 0.10, P < 0.01).

There was one CSF wound leak and one probe dislodgement. No

patients deteriorated neurologically.

Expansion duroplasty reduces ISP and increases SCPP after tSCI

without neurological deterioration.
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COPING, COMPLAINTS AND WORK RESUMPTION THREE

MONTHS AFTER MILD-TO-MODERATE TRAUMATIC

BRAIN INJURY. PRELIMINARY RESULTS OF THE

UPFRONT-STUDY

ME de Koning, ME Scheenen, HJ van der Horn, G Roks, T Yilmaz,

JM Spikman, J van der Naalt

University Medical Center Groningen

Investigate the incidence of complaints 3 months post trauma in re-

lation to coping styles in a cohort of mild to moderate Traumatic

Brain Injury (TBI) patients and to determine the rate of return to work

(RTW).

Multicenter prospective longitudinal cohort study of mild to moderate

TBI patients admitted to the Emergency Department. Patients re-

ceived a baseline questionnaire 2 weeks post trauma covering com-

plaints, RTW and coping styles. Coping styles were divided in passive

and active coping styles. Three months post trauma, work resumption

and complaints were assessed with a follow-up questionnaire.

The questionnaires were completed by 202 patients (mean age of 48.3

(19.7) years, range 16–91) and GCS scores ranging from 9–15 with

97% mild TBI). Three months post trauma 69% of all patients re-

ported complaints.
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Of those patients who were employed (n = 87) at the time of the injury,

59% completely resumed their occupational activities 3 months post

trauma whereas 21% worked on a lower level (or a less amount of

hours) and 20% did not resume work at all.

The participants that resumed their work (completely and partly) re-

ported significantly less complaints compared to the non resumers (4

vs. 9, t(55) = 2,81, p = .007). In both groups, the most frequent reported

complaints were sleepiness, increased fatigability, dizziness and for-

getfulness. Concerning the influence of coping style; a passive coping

style was associated with the cluster of emotional complaints (irrita-

bility and anxiety) (r = .177, p < .020).

Three months after mild to moderate TBI 69% of all patients still has

complaints that might intervene with successful resumption of work.

Preliminary analysis suggests a relation with coping style.
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MECHANISMS OF ENDOGENOUS INTOXICATION SYN-

DROME AT TRAUMATIC DISEASE IN BRAIN INJURY

Korovka SS, Voennyy IV, Gritsenko OO

Donetsk Regional Clinical Medical Association, Ukraine

Object of our work is devoted to the problem of the decision of an

actual scientific task in the field of traumatic brain injury. On the basis

of complex dynamic research mechanisms that determined the pro-

gressive advance of four stages of syndrome of endogenous intoxi-

cation in traumatic brain injury: reaction-metabolic (hyperergic

reaction of neuroendocrine system, hypermetabolism, hyperglycemia,

and insulin resistance), inflammatory-toxic (hyper-fermentation, en-

dogenous intoxication, generalized inflammatory reaction), the stages

of systemic endogenous intoxication (progressive hypoxemia, sharp

secondary worsening of metabolism, and accumulation of toxins) and

the stages of multiple organ failure (development of systemic hy-

poxemia and intoxication, sharp accumulation of metabolism products

and markers of brain damage and myocardium, arising of autoimmune

reaction) have been studied. Predicted data were defined - multiple

increase of absolute value of metabolism index; average molecular

mass, the level of neuronal proteins (NSE and S100B), corticosterone,

C-reactive protein and interleukin 1B. The study was conducted on

555 white rats, weighing between 190 grams to 200 grams, under the

age of 6 months. Developed model for the study of pathological

mechanisms development of endogenous intoxication in traumatic

brain disease, which can reproduce a head injury with 0,516 joules of

energy, and 82% mortality within 5 days after the injury. The maxi-

mum level of mortality was 48 hours and 5 days after injury, allowing

time to consider these as critical. Based on the data key activities in

the first stage are hypermetabolic warning, then intensive detoxifica-

tion, preventing the development of acute inflammatory and autoim-

mune processes and intensification of lipid peroxidation.
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EXTRACELLULAR N-ACETYLASPARTATE IN HUMAN

TRAUMATIC BRAIN INJURY
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N-acetylaspartate (NAA) is regarded as a marker for neuronal health.

A decrease in brain NAA, measured using in vivo 1H-MRS, is a

characteristic of many neurological pathologies. MRS measures total

intracellular and extracellular concentration only during the scan,

while microdialysis measures extracellular NAA continuously and

hence can detect change with time. It is unknown whether extracel-

lular NAA can be used as a biomarker of neuronal health or injury.

We therefore measured NAA in brain microdialysates from traumatic

brain injury (TBI) patients.

Microdialysis catheters (CMA71, 100 kDa cut-off) were inserted into

the cerebral parenchyma of 5 TBI patients and perfused with CNS

perfusion fluid (0.3 ll/min). Microdialysate collection vials were

changed hourly, pooled into 8 h periods for each patient, and NAA

concentrations measured by HPLC.

Microdialysate collection for NAA analysis started at a median of

50.4 h post-injury (minimum 26.1 h, maximum 82.2 h) and fin-

ished at a median of 142.3 h post injury (minimum 109.9 h,

maximum 190.6 h). The median (inter-quartile range; IQR) con-

centration of NAA in the 62 pooled samples from the 5 TBI

patients was 18.9(15.8–26.0)lM. There was a significant inverse

correlation between microdialysate NAA concentration and time

post-injury (n = 62 data-points, Spearman r = - 0.311, p = 0.015).

Median (IQR) concentration of NAA in microdialysates before

72 h was 22.8(15.9–35.7)lM, compared with 18.5(15.6–21.3)lM

after 72 h.

Extracellular NAA concentrations in TBI patients showed an overall

pattern of decrease post-injury to reach a steady level of approxima-

tely 20 lM. The study is ongoing, in a multimodality monitoring study

determining whether extracellular NAA concentration correlates with

secondary injury after TBI.
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REMOVAL OF ACUTE SUBDURAL HEMATOMA IN PA-

TIENTS WITH SEVERE CEREBRAL EDEMA WITH

DISLOCATION SYNDROME BY DECOMPRESSIVE CRA-

NIOTOMY, MULTIPLE INCISION OF THE DURA MATER

Voennyy IV, Korovka SY, Korovka SS, Gritsenko OO

Donetsk Regional Clinical Medical Association, Ukraine

Analyzed 22 case histories with acute subdural hematoma, urgent

treatment admissions in the neurosurgical clinic in critical condition.

The age group 18 to 72 years. In conducting imaging studies obtained

informative parameters that characterize all of the components of in-

tracranial contents, making it possible to trace the dynamics of severe

head injury with acute subdural hematoma complicated by severe

edema, swelling of the white and gray matter with the reduction of

cerebral blood flow. In this regard, it was decided to conduct these

patients decompressive craniotomy, removing acute subdural hema-

toma by multiple incision of the dura mater, which led to the passive

removal of the hematoma and decompression through the sections of

the brain substance without damage to the cerebral cortex. Intracranial

pressure sensor installed to the correct tactics to further intensive care.

Following the operations manual, imaging was performed, confirming

the success of the intervention. In the postoperative period, significantly

worsened the prognosis over 65 years, the postoperative level of in-

tracranial pressure above 30. Postoperatively, 11 cases were positive,

which is 26% higher in comparison with the test group, who underwent

surgery conventional manner. The method of disposal of subdural he-

matomas in patients with severe edema, swelling of the brain by means

of decompression craniotomy, evacuation of the hematoma by multiple
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incision of the dura mater is a promising technique, which helps to

minimize surgical trauma, prevents damage to the gray matter of the

brain and improves treatment outcomes and survival rates.
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RILUZOLE PROVIDES NEUROPROTECTION AND AT-

TENUATES ISCHEMIA REPERFUSION INJURY FOLLOW-

ING SURGICAL DECOMPRESSION IN EXPERIMENTAL

CERVICAL SPONDYLOTIC MYELOPATHY

Spyridon Karadimas,1,2 A Laliberte,1,2 YS Chung,2 WD Foltz,3,4

MG Fehlings1,2,5

1Institute of Medical Sciences, University of Toronto, Ontario,

Canada
2Division of Genetics & Development, Toronto Western Research

Institute, and Spinal Program, Krembil Neuroscience Centre,

University Health Network, Toronto, Ontario, Canada
3STTARR Innovation Centre, Department of Radiation Oncology,

Princess Margaret Hospital, Toronto, Ontario, Canada
4Department of Radiation Oncology, University of Toronto, Toronto,

Ontario, Canada
5Department of Surgery, Division of Neurosurgery, University of

Toronto, Toronto, Ontario, Canada

Cervical spondylotic myelopathy (CSM), which is caused by progressive

compression of the cervical cord due to spondylosis, is the most common

cause of spinal cord impairment worldwide. While decompression - the

only treatment option for CSM - demonstrates efficacy, the physiological

consequences of decompression have yet to be studied. Here, we used a

preclinical rat CSM model to characterize the physiological changes in

spinal cord after decompression and to examine the synergistic effects of

decompression and riluzole administration.

Spinal cord blood flow (SCBF) and levels of oxidative damage were

evaluated before and after decompression using MRI and fluorescent

microspheres. Then using a novel experimental paradigm we exam-

ined the effects of combinatorial strategy consisting of decompression

and riluzole. Immunohistochemistry were used to evaluate apoptosis

and axonal integrity.

We demonstrated increased SCBF, clinical decline and oxidative

damage soon after decompression indicating ischemia-reperfusion in-

jury (IRI). In vivo and in vitro studies confirmed that decompression-

mediated IRI could be prevented by riluzole administration. Moreover,

combinatorial strategy markedly improves hand and gait function and

attenuates below-level neuropathic pain compared to decompression

alone. Finally, combined strategy reduces axonal damage, cellular

apoptosis and motoneuronal injury in the cervical area as well as

suppressing microglial and activation in the lumbar dorsal horns.

This work provides evidence of IRI development following de-

compression in CSM and mechanistic insights into the protective

effect of riluzole. This study paved the way for CSM Protect clinical

trial which examines the synergy of decompression and riluzole in

human CSM.
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RESULTS FROM THE FIRST RANDOMISED CONTROLLED

TRIAL OF SURGERY FOR TRAUMATIC INTRACEREBRAL

HAEMORRHAGE [STITCH(TRAUMA)]

David A Mendelow, Barbara A Gregson, Elise N Rowan, Richard

Francis, Patrick Mitchell

Newcastle University, Newcastle, UK

There have been a number of trials investigating surgery for sponta-

neous intracerebral haemorrhage but none of traumatic in-

traparenchymal haemorrhage (TICH). This study aimed to establish

whether a policy of early surgery for TICH improves outcome com-

pared with a policy of initial conservative treatment.

This was an international multicentre pragmatic randomised parallel

group trial with primary outcome measured at six months. The study

planned to recruit 840 adult patients. Patients had no more than two

haematomas greater than 10 ml and were within 48 hours of head

injury. They did not have a SDH or EDH that required evacuation.

Patients were randomised via an independent telephone/web-based

randomisation service to early surgery within 12 hours or initial

conservative treatment. Extended Glasgow Outcome Scale was mea-

sured at 6 and 12 months via a postal questionnaire.

Patient recruitment began in 2010 but was halted by the funding body

for low UK recruitment in September 2012. 170 patients were ran-

domised from 31 centres in 13 countries:; 83 to early surgery and 87

to initial conservative treatment. Six and 12 month outcomes were

obtained for 99%. Mortality was significantly higher in the initial

conservative treatment group. Patients in the early surgery group were

10% more likely to have a favourable outcome but this did not reach

statistical significance because of the reduced sample size.

This is the first ever trial of surgery for TICH and indicates that early

surgery is a valuable tool in the treatment of TICH. Further research is

warranted.
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THE CLINICAL PITFALLS AND POSSIBILITIES USING

S100B MONITORING IN NEURO INTENSIVE CARE IN PA-

TIENTS SUFFERING FROM TRAUMATIC BRAIN INJURY

Eric Thelin, Bo-Michael Bellander

Department of Clinical Neuroscience, Section for Neurosurgery,

Karolinska Institutet, Solna, Sweden

With the growing frequency of traumatic brain injury (TBI) globally

there is an intensifying need to develop clinical tools to facilitate and

improve care. The protein S100B has been shown to increase in serum

after injuries to the central nervous system (CNS). In moderate-to-

severe TBI, S100B have been shown to correlate to the extent of the

injury and to predict outcome.

In the neuro-intensive care unit (NICU) environment, frequent S100B

sampling could be used to monitor patients suffering from cerebral

lesions and hence facilitate decision making concerning radiological

examination and neurosurgical interventions.

Due to the short half-life of S100B, 30–90 minutes, it is important to

consider the sampling time as well as the temporal pattern of subse-

quent serum levels. The development of secondary peaks > 0.05 lg/L

of S100B, have also been shown strongly correspond to the devel-

opment of secondary radiological deterioration following TBI.

Other pathologies may increase serum S100B, such as non-CNS

trauma, recent surgery or malignancies, which will make the S100B

contribution from the potentially affected CNS difficult to evaluate.

Due to these extracranial sources, the specificity of S100B is not

optimal, especially within the first 12 hours after trauma in affected

patients.

In aggregate, S100B is an important biomarker in TBI care; however,

knowledge of the protein dynamics and extracranial S100B sources is

important to fully utilize this biomarker’s clinical capabilities to

predict outcome, display extent of CNS injury and monitor patients in

the NICU.
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THE EFFECT OF CROSSOVERS IN THE FIRST RANDOMISED

CONTROLLED TRIAL OF SURGERY FOR TRAUMATIC IN-

TRACEREBRAL HAEMORRHAGE [STITCH(TRAUMA)]

Barbara A Gregson, David A Mendelow, Elise N Rowan, Richard

Francis, Patrick Mitchell

Newcastle University, Newcastle, UK

This study aimed to establish whether a policy of early surgery

(ES) for traumatic intracerebral haemorrhage improves outcome

compared with a policy of initial conservative treatment (ICT).

Surgical trials are often associated with a high ‘‘crossover’’ rate

because of the impossibility of blinding the treatment allocation

together with changes in status after randomisation leading to

changes in equipoise of the clinician, patient or relative.

An international multicentre pragmatic randomised parallel group

trial with primary outcome measured at six months. Patients were

adult with no more than two haematomas > 10 ml and were within

48 hours of head injury; with no SDH or EDH requiring evacuation.

Patients were randomised to ES within 12 hours or ICT. Extended

Glasgow Outcome Scale was measured at 6 and 12 months via a

postal questionnaire.

170 patients were randomised from 31 centres in 13 countries; 83 ES

and 87 ICT. Outcome at six months was available for 99%. Of those

allocated to ES 26% did not receive surgery (24% died and 52% had a

favourable outcome) and 74% did (11% died and 67% a favourable

outcome). Of those allocated to ICT 37% had surgery, mainly for

deterioration (22% died and 35% had favourable outcome) compared

27% died and 63% favourable outcome in those who did not cross-

over. Logistic regression demonstrated that surgical patients were

more likely to have a favourable outcome if they were younger and if

the pre-surgery GCS was higher.

This analysis suggests that the beneficial results observed in the in-

tention to treat analysis for the ES group are achieved by undertaking

surgery prior to further deterioration.
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EFFECTS OF EXPERIMENTAL TRAUMATIC BRAIN IN-

JURY ON HIPPOCAMPAL SYNAPTIC SNARE COMPLEXES

Edward C Dixon

Department of Neurological Surgery University of Pittsburgh Health

Research Scientist VA Pittsburgh Healthcare System Pittsburgh, PA,

USA

Traumatic brain injury (TBI) impairs neuronal function which can

culminate in lasting cognitive dysfunction. Multiple reports indicate

that TBI produces an impairment in evoked neurotransmitter release,

but the mechanisms are unknown. Formation of the soluble N-

ethylmaleimide-sensitive factor attachment protein receptor (SNARE)

complex is a key step in vesicle fusion and synaptic neurotransmitter

release. We hypothesized that TBI produced by controlled cortical

impact (CCI) alters the levels of SNARE proteins (monomer and

complexes) and cysteine string protein (CSPa), a chaperone protein

that promotes SNARE complex formation. Male Sprague Dawley rats

subjected to sham surgery or CCI (2.7 mm deformation, 4 m/s) and

sacrificed at either 6 hours, 1 day, 1, 2, or 4 weeks post-injury (n = 6/

group). Western blot analysis was used to measure changes in protein

abundance in hippocampal homogenates compared to sham homog-

enates. The abundance of the synaptosome-associated protein of

25 kDa (SNAP-25) was elevated by 42% at 1 week (p < 0.01), but was

reduced by 21% at 2 weeks post-injury (p < 0.05. Synataxin-1 levels

were not altered by CCI. Vesicle-associated membrane protein

(VAMP2) abundance was reduced by 29% and 63% at 1 week

(p < 0.05) and 4 week (p < 0.01), respectfully. CSPa was reduced by

20% at 1 day (p < 0.05) and 26% at 1 week following CCI (p < 0.01).

Assessment of SNARE complex formation using SNAP-25 and

Syntaxin-1 both revealed greater than 48% reductions in complex

formation at 1 week (p < 0.05) and 2 weeks (p < 0.01) following CCI.

Future studies will evaluate the role of TBI-induced alterations in

SNARE complex formation on neurotransmitter release deficits.

These results provide novel evidence that TBI alters SNARE protein

abundance and impairs SNARE complex formation.

103

CT DENSITOMETRY TO PREDICT CONTUSION EN-

LARGEMENT IN TRAUMATIC BRAIN INJURY (TBI)

Simon Hill, Jennifer Fugate, Mathew Guilfoyle, Virginia Newcombe,

Jonathan Coles, David K Menon

University of Cambridge, Department of Medicine, Division of

Anaesthesia, Cambridge, UK

Microvascular failure in the periphery of contusions is thought to be an

important mechanism in driving lesion expansion. It remains unclear

whether the mechanism that underlies this process is expansion of

primary haemorrhage in the lesion core, or multifocal haemorrhage in

the pericontusional tissue. Quantitative computed tomography (CT)

variables can predict expansion of spontaneous intracerebral haemor-

rhage; we therefore explored whether the same was true for TBI con-

tusions.

Images from 24 patients with TBI were analysed. Patients were included

if they had two head CT scans within 5 days of injury and traumatic

contusions. We defined the total mixed density contusion, the hyperdense

core, and the hypointense oedema as separate regions of interest (ROI),

and measured volume, mean voxel density, standard deviation, skewness,

kurtosis and coefficient of variation of each ROI. We used non-para-

metric statistics (Spearman rank test) to examine the relationship between

ROI metrics and cube root of change in volume. Growth dichotomised as

greater than 30% was analysed by logistic regression.

Twenty-four patients with TBI were included, although 1 follow on

scan could not be transferred for analysis. Spearman rank test for

growth in lesion core was highly significant for core skewness

(p = 0.0085), with negative skewness correlating with core growth. No

other measure of variance in any ROI was significant for core growth.

This study suggests that measures of lesion variance in the contusion

core may a predict growth after admission. These data suggest ex-

pansion of the core, rather than multifocal haemorrhage in devitalised

tissue. Further study is required to explore this.
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QUANTITATIVE ASSESSMENTS OF TRAUMATIC AXONAL

INJURY IN THE LIVING HUMAN BRAIN: COMBINED MI-

CRODIALYSIS AND ADVANCED MRI APPROACHES

Sandra Magnoni,1 Christine L Mac Donald,5 Thomas J Esparza,5

Valeria Conte,1 James Sorrell,5 Giulio Bertani,2,4 Riccardo Biffi,3

Mario Macri,4 Antonella Costa,3 Brian Sammons,5 Abraham Z

Snyder,5,6 Joshua Shimony,6 Fabio Triulzi,3 Nino Stocchetti,1,4 and

David L Brody5
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Axonal injury is a major contributor to adverse outcomes following

traumatic brain injury (TBI). The extent of axonal injury cannot

currently be assessed reliably in living humans. We used micro-

dialysis (MD) measurements of cytoskeletal protein tau and Diffusion

Tensor Magnetic Resonance Imaging (DTI) to independently assess

axonal pathology following TBI.

We studied 15 patients admitted to ICU for severe TBI. MD cath-

eters were placed in normal appearing white matter (WM). Total tau

levels were measured by ELISA in MD samples collected continu-

ously for at least 72 hrs. Patients underwent DTI between 2 wks and

3 yrs after TBI. We used DTI to quantitatively assess WM integrity

in brain regions of interest (ROIs) within 20 mm of the location

of the MD catheters and in spatially matched ROIs in 5 age-sex-

matched controls for each patient. Our primary outcome was the

normalized difference in fractional anisotropy (FA) between each

patient and the controls, defined in units of SD (z-scores). Ab-

normalities were defined as z-scores of FA < - 2. We found that

regions with reduced FA had initial tau levels higher than ROIs with

normal anisotropy (p = 0.036). Their tau levels ranged between

13,517 and 18,743 (median 13,747) pg/ml and 3,942–5,093 (median

4,612) pg/ml. A significant inverse correlation was observed

between levels of tau and FA (r = - 0.55, p = 0.018).

This study shows a meaningful correlation between MD measure-

ments of tau and DTI-based measurements of reduced brain WM

integrity. We interpret this result to mean that both methods accu-

rately reflect traumatic axonal pathology.
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DIFFERENT IMPLICATIONS OF MILD TRAUMATIC BRAIN

INJURY – OUR EXPERIENCE

Mladen Karan,1 Kosta Petrović,2 Vojislava Bugarski,3 Bojan Jela�ca,1

Vladimir Papić,1 Ðula Ðilvesi,1 Željka Nikolašević,4 Petar Vuleković1

1Clinic of Neurosurgery, Clinical Centre of Vojvodina, Novi Sad,

Serbia
2Radiology Centre, Clinical Centre of Vojvodina, Novi Sad, Serbia
3Neurology Clinic, Clinical Centre of Vojvodina, Novi Sad, Serbia
4Department of Psychology, University of Novi Sad, Novi Sad, Serbia

Mild traumatic brain injury (mTBI) is the most common form of TBI

with possible emotional, behavioral and cognitive consequences.

Disturbing epidemiological situation requires multidisciplinary ap-

proach in order to identify patients with possible psychological dis-

order.

To reevaluate diagnostic criteria for mTBI, introduce contemporary

imaging modalities and establish neuropsychological assessment as a

part of treatment for mTBI.

One year ago prospective clinical study was started at Neurosurgery

Clinic, Clinical Centre of Vojvodina in order to improve treatment

of injured with mTBI using multidisciplinary approach. Patients

underwent clinical observation, early MRI examination in first 72

hours after injury and neuropsychological assessment (Beck’s De-

pression Inventory and MMSE) one month and seven months after

injury.

Twenty men and ten female patients, mean age 33,27 year, mean GCS

score of 14.57 were examined. 80% of patients had headache, 53,3%

vegetative disturbances, and 46,7% fatigue. Mean duration of ret-

rograde amnesia was 15–30 minutes and mean duration of ante-

rograde amnesia was less than 15 minutes. Most of patients were

injured in traffic accidents (40%) and falls (40%). MRI head ex-

aminations were performed in 73% of patient. All patients had good

results on MMSE. 90% of patients had minimal or no depression, 7%

had mild and 3% moderate depression. We did not find significant

correlation between clinical findings and presence of psychological

disorders.

Great variety of cognitive, emotional and behavioral difficulties can be

caused by mTBI so patients and medical professionals can benefit from

better and faster diagnostic of these disturbances.
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EFFECT OF MANNOSE BINDING LECTIN PHARMACOLO-

GICAL INHIBITION IN CONTROLLED CORTICAL IMPACT

BRAIN INJURED MICE

Daiana de Blasio, Franca Orsini, Stefano Fumagalli, Luca Longhi,

Fabrizio Ortolano, Nino Stocchetti, Maria-Grazia de Simoni

IRCCS Mario Negri Institute; University of Milano, Department of

Pathophysiology and Transplantation, Fondazione IRCCS Ca’

Granda – Ospedale Maggiore Policlinico, Milano, Italy

We have previously shown that mannose binding lectin (MBL), one

of the main activators of the lectin complement pathway, is expressed

in the injured brain of patients and in that of mice subjected to con-

trolled cortical impact (CCI) and that its deletion (as assessed in

MBL-A and -C double KO mice) is protective (Longhi et al. sub-

mitted). We have now evaluated the effects of pharmacological MBL

inhibition using Polyman-2, a compound that binds MBL-A with high

(while MBL-C with low) affinity and endowed with neuroprotective

properties (Orsini et al., Circulation 2012).

Eight-week old male C57Bl/6 mice were subjected to anesthesia with

Pentobarbital (65 mg/kg) followed by CCI brain injury (parameters:

velocity 5 meter/sec and depth 1 mm). At 10 minutes postinjury, mice

(n = 8) randomly received an intravenous infusion of either Polyman-2

(142 lg/mouse) or saline (equal volume, 100 ll). Additional mice

received identical anesthesia, surgery, and saline/drug to serve as

uninjured controls. Neurobehavioral outcome was evaluated weekly

for four weeks by performing neuroscore and beam walk test; cog-

nitive function was evaluated at four weeks postinjury using the

Morris water maze.

All brain-injured mice showed sustained sensorimotor and cognitive

deficits. Brain-injured mice receiving saline or Polyman-2 showed sim-

ilar performance in neuroscore, beam walk and in Morris water maze.

Polyman-2 did not improve neurobehavioral performance after TBI.

Since post-traumatic expression of MBL-C is greater than that of

MBL-A, novel compounds with greater affinity for MBC-C should be

investigated in the setting of TBI.
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IS N-ACETYLASPARTATE A MEASURE OF MITOCHON-

DRIAL DYSFUNCTION AFTER TRAUMATIC BRAIN INJURY?

William Brooks, Janna Harris, Henry Yeh, In-Young Choi, Phil Lee,

Russell Swerdlow

University of Kansas Medical Center, Hoglund Brain Imaging Center,

Kansas City, KS, USA
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Energy metabolism is compromised following traumatic brain injury

(TBI). Magnetic resonance spectroscopy provides non-invasive quanti-

fication of neurochemicals. Loss of N-acetylaspartate (NAA), a by-

product of the Krebs cycle, suggests mitochondrial dysfunction. The

current goal was to establish the relationships between NAA and other

neurochemicals for better understanding brain metabolic dysfunction

following TBI.

We used high-field 9.4T short echo 1H-MRS to quantify neuro-

chemicals in cerebral cortex (lesion site) and hippocampus (perile-

sional) in 12 male F344 rats (3 mo) before and three days after a

controlled cortical impact injury (5 mm tip, 3 m/s, 2 mm depth, 300 ms

contact time). Animals were anesthetized with isoflurane during all

experiments in accordance with institutional guidelines. We used

LCModel to calculate absolute concentrations of NAA, glucose, lac-

tate, alanine, and glutamate. The change in concentration of each

neurochemical after injury and the correlations between changes in

pairs of neurochemical were calculated. Data from both locations

were combined to provide a range of injury severity.

NAA loss was highly correlated with lactate increase (r2 = 0.76) and

lactate increase was correlated with glucose loss (r2 = 0.29). Increases

in alanine and lactate were highly correlated (r2 = 0.79). Finally, loss

of NAA and glutamate were highly correlated (r2 = 0.69).

These results provide quantitative non-invasive evidence of mito-

chondrial dysfunction, leading to elevated accumulation of lactate and

alanine. The correlation between NAA and glutamate suggests that the

glutamate observed by 1H-MRS is associated with brain energy me-

tabolism. Thus, MRS biomarkers provide non-invasive assessment of

brain metabolism that can be translated to humans.
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CORRELATION BETWEEN CHANGES IN GREY AND

WHITE MATTER RADIODENSITY WITH PROGNOSIS

AFTER CRANIOPLASTY

Arthur Maynart Pereira Oliveira, Robson Luı́s Oliveira de Amorim,

Wellingson Silva Paiva, Almir Ferreira de Andrade, Fernando Mendes

Paschoal Junior, Edson Bor-Seng-Shu, Fernanda Coelho, Gabriel

Scarabotolo Gattas, Renato Anghinah, Manoel Jacobsen Teixeira

University of Sao Paulo, Department of Neurology, Discipline of

Neurosurgery, Sao Paulo, Brazil

Cranioplasty following decompressive craniectomy is reported to result

in brain anatomical changes and concomitant neurological recovery. As

attenuation measurement of brain nonenhanced CT scan (CT) can predict

neurological prognosis in patients after cardiac arrest, we decided to

perform a study to evaluate whether changes in radiodensity occur after

cranioplasty and, if these changes may be related to neurological out-

come. We prospectively evaluated patients with cranial vault defect by

CT, before and after cranioplasty. We have measured the density in HU

of WM and GM ipsilateral to bone defect. The neurological assessement

was performed with the modified Rankin scale (mRs), the Mini mental

state examination (MMSE) and the Barthel index (time frame: before

and six months after cranioplasty). We evaluated 30 patients and ob-

served an increased density of GM after surgery from 28.7 + / - 8.02 HU

(mean and SD) to 30.51 + / - 7.94 (mean and SD) (p = 0.144), while for

WM there was a reduction from 27.08 + / - 3.80 HU (mean and SD) to

26.11 + / - 3.82 HU (mean and SD) (p = 0.052). There was a significant

increase in GM/WM ratio after cranioplasty from 1.05 to 1.18

(p = 0.007). We also have observed correlation between the increase on

GM/WM ratio with improvement in postoperative MMSEv (p = 0.041).

Our study showed that attenuation changes in the brain occur after cra-

nioplasty. Also, this changes seems to be correlated with cognitive out-

come. Our work is the first to describe a GM/WM after cranioplasty may

be related to better prognosis.
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WHAT CAN WE REALLY EXPECT OF CEREBRAL BLOOD

FLOW AFTER CRANIOPLASTY?

Arthur Maynart Pereira Oliveira, Robson Luı́s Oliveira de Amorim,

Wellingson Silva Paiva, Almir Ferreira de Andrade, Fernando Mendes

Paschoal Junior, Edson Bor-Seng-Shu, Fernanda Coelho, Gabriel

Scarabotolo Gattas, Renato Anghinah, Manoel Jacobsen Teixeira

University of Sao Paulo, Department of Neurology, Discipline of

Neurosurgery, Sao Paulo, Brazil

Cranial vault defects may be related with neurological deficits that can

be associated with changes in cerebral hemodynamics. Our goal was

to evaluate if cerebral blood flow (CBF) increases after cranioplasty

using computed tomography perfusion (CTP). We prospectively

evaluated patients with bone defect after decompressive craniectomy

(DC) with CTP before and after cranioplasty. We performed neuro-

logical examination and evaluation of prognostic scales (mRs, MMSE

and Barthel index) before and after six months. Of 30 patients, 15

(50%) had DC related to TBI and the remaining, due to cerebrovas-

cular disease. The mean preoperative CBF was 24.13 + / - 6.3 ml/

100 g / min (SD) ipsilateral to the bone defect and 27.75 + / - 6.21 ml/

100 g / min (SD) contralateral to the bone defect. The mean post-

operative CBF was 22.63 + / - 8.2 ml/100 g / min (SD) ipsilateral to

the bone defect and 26.23 + / - 5.73 ml/100 g / min (SD) in the con-

tralateral hemisphere. Although there’s difference in CBF between

both hemispheres that remains after cranioplasty (p = 0,262), this

procedure did not cause significant changes in CBF (ipsilateral,

p = 0.31; contralateral, p = 0.24). The absolute values of mean transit

time (MTT) decreased in both hemispheres, being significant (p = 0.02)

on the defect side. We also observed that there was significant im-

provement in all neurological parameters. Although all literature re-

ports show CBF increment after cranioplasty and correlate this finding

with clinical improvement, we observed that the best parameter to

assess hemodynamics condition for these parients is MTT. After cra-

nioplasty could occur a downregulation of the cerebral autoregulation

curve, allowing suitable neuronal function with lower CBF.
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MORPHOLOGICAL CHANGES ON CORTICAL SURFACE

AND THEIR CORRELATION OF WITH NEUROLOGICAL

OUTCOME IN PATIENTS WITH BONE DEFECTS AFTER

DECOMPRESSIVE CRANIECTOMY

Arthur Maynart Pereira Oliveira, Robson Luı́s Oliveira de Amorim,

Wellingson Silva Paiva, Almir Ferreira de Andrade, Fernando Mendes

Paschoal Junior, Edson Bor-Seng-Shu, Fernanda Coelho, Gabriel

Scarabotolo Gattas, Renato Anghinah, Manoel Jacobsen Teixeira

University of Sao Paulo, Department of Neurology, Discipline of

Neurosurgery, Sao Paulo, Brazil

Deformity of cortex may occur with several lesions that compresses

the cortical surface (tumors or hematomas). The purpose of our study

was to evaluate if cortical deformity related to bone defect can be

reversed after cranioplasty and its correlation with neurological im-

provement. We prospectively evaluated patients with bone defect after

decompressive craniectomy (DC) using CT before and after cranio-

plasty. We estimated the degree of cortical sulci effacement, the

amount of brain midline shift (MLS) and, the ratio of the cortical

surface in two points (anterior and posterior) in the frontal and tem-

poral lobes to the midline, between both hemispheres. We performed
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the neurological assessment with the prognostic scales (mRs, MMSE,

Barthel index) before and after six months. There was persistence of a

normal condition (presence of cortical sulci) or returning to normal in

86.6% of patients after cranioplasty (p < 0.001). We verified a MLS

decrease from 2.43 + / - 2.55 mm (mean and SD) to 1.16 + / - 1.93 mm

(mean and SD) (p = 0.004). None of these parameters was correlated

with neurological improvement. The difference of the anterior (frontal)

distance decresed from 9.04 + / - 7.04 mm (mean and SD) to 2.94 + / -
4.57 mm (mean and SD) p < 0.001. The relation between the posterior

(temporal) distances also decreased from 1.13 to 1.04 (p = 0.047).

This last measurement was the one which correlated with better

prognosis according to Barthel index, (p = 0.035). There are no pa-

pers in literarature about cortical morphometric that correlate with

improved prognosis after cranioplasty. Possibly this clinical im-

provement correlates with anatomical and functional restructuring of

the cortical mantle being, a nonenhanced CT scan a simple and

effective diagnostic tool.

111

PATTERN OF HEAD INJURY IN CYCLISTS

Lakmini De Silva, Clare Sweasey, Hilary Madder, J Tailor,

C Sweasey, H Roy, T Lawrence, Kerr, H Madder

Neurosciences Intensive Care Unit Level 1, West Wing, John Radcliffe

Hospital, Oxford, UK

Oxfordshire has a higher percentage of population that cycles at least

once a week at 28% compared with the rest of UK at 10% (1). Here

we describe head injuries in cyclists over the period 2008 – 2013 that

required admission to a major trauma centre.

Of the 786 patients admitted to Oxford University Hospital Trust

during that period, 8.3% or 65 admissions were due to cyclists. Hel-

mets were worn in 27.7% (18/65) of patients. There were 24.6% (16

patients) in which it was unknown if a helmet was worn or not. Of

note, 47.8% (31/65) of patients did not wear a helmet. Alcohol was a

factor in 10.8% of accidents.

The severity of head injury seen was quite high with 13/65 or 20%

being a GCS 3–8 on admission. 29.2% (19/65) had a moderate head

injury with GCS 9–13 and, 50.8% (33/65) were mild with GCS 14–15.

Admission to Neuro Intensive Care Unit was required in 36.9% of

presentations (24/65). Mortality during admission in this population

was 6.2% (4/65) with only one of these deaths not directly attributed

to head injury.

It is clear that cyclists are at risk of head injury and that this risk

decreases with the number of cyclists on the road per capita. What

remains contentious is the issue of bicycle helmets and whether these

are significantly effective at reducing the morbidity and mortality to

justify changes to legislation to mandate the legal requirement of

wearing bicycle helmets.
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HIPPOCAMPAL NEURON LOSS, WHITE MATTER DAMAGE

AND BEHAVIORAL ALTERATIONS FOLLOWING A FLUID

PERCUSSION INJURY IN MICE

Lee A Shapiro, Andre Obenaus, Sanjib Mukherjee, Jacob Hurst,

Jessica Kain, Richard Tobin, Karen Newell-Rogers

Texas A & M Health Science Center, TX, USA

We have previously shown gross histopathology and increased

seizure susceptibility in a novel mouse model of fluid percussion

injury (Mukherjee et al. 2013). In that study, we demonstrated

the pattern of neurodegeneration and neuron loss in the ipsilat-

eral cortex between 1–30 days after injury. We also showed the

pattern of ipsi- and contralateral astrocyte and microglial acti-

vation within these time points. While the previous study es-

tablished the fundamental gross neuropathology in this model,

we sought to further elucidate the pathological features in this

mouse model of traumatic brain injury. To accomplish this goal,

the current study examined hippocampal cell loss, white matter

damage and behavioral performance between 1 and 30 days after

a fluid percussion injury in our mouse model. The results dem-

onstrate hippocampal cell loss, white matter damage and be-

havioral deficits following fluid percussion injury. The results

further support the use of this mouse model of traumatic brain

injury for future studies involving the central nervous system

(CNS).
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EMPLOYING BLOOD BIOMARKERS IN TBI CLINICAL

TRIALS: FINDINGS FROM THE INTREPID2566 TRIAL

Stefania Mondello,1 Kara Schmid,2 Frank C Tortella,2 Larry Glass3

1Department of Neuroscience, University of Messina, Messina, Italy
2Department of Applied Neurobiology, Division of Psychiatry and

Neuroscience, Walter Reed Army Institute of Research, Silver Spring,

MD, USA
3Neuren Pharmaceuticals Limited, Bethesda, MD, USA

The multicenter INTREPID-2566 trial, which is investigating the

safety and efficacy of NNZ-2566 in patients with traumatic brain

injury (TBI), uses circulating brain damage markers to improve

identification and characterization of patients and to monitor effects of

therapeutic intervention. The study is examining whether changes in

brain biomarkers over time are associated with clinical variables and

outcomes in the trial.

Seventy-six moderate to severe TBI patients from the INTREPID-

2566 trial were included. Glial (glial fibrillary acid protein

[GFAP]), neuronal (ubiquitin C-terminal hydrolase [UCH-L1]) and

axonal (aII-spectrin breakdown products 150 [SBDP150]) markers

were measured by ELISA in serum on admission, at 12, 24, 36 and

48 hours and 3, 4 and 5 days after injury. Associations of initial

Glasgow Coma Scale (GCS) score, age, gender, mechanism of

injury and Glasgow Outcome Scale (GOS) score with biomarker

profiles were investigated. Area under the curve (AUC) as a best

estimate of the total amount of biomarker release was calculated

for each marker in all patients.

RESULTS: All biomarkers were increased early after injury. UCH-

L1, GFAP, and SBDP150 serum levels on admission strongly cor-

related with 1-month mortality (p = 0.001, p = 0.008 and p = 0.007,

respectively) and UCH-L1 and GFAP with 3-months mortality

(p = 0.002 and p = 0.03, respectively), but not with age, gender, or

GCS. UCH-L1 weakly correlated with CT findings (p = 0.047). The

greatest AUC values for UCH-L1, GFAP, and SBDP150 over 5 days

of observation had the strongest association with 3-months mortality

(p = 0.0006, p = 0.006 and p = 0.004, respectively), AUC values were

also associated with 1-month mortality (p = 0.003, p = 0.03 and

p = 0.02, respectively). These results suggest that determination of

serum levels of brain damage proteins as well as their change over

time may be useful in the characterization and stratification of pa-

tients with TBI, increasing the possibility of identifying a positive

effect of the drug. These data emphasize the importance of including

biomarker measurement in TBI trials.
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CHARACTERIZATION OF TBI MODELS AND EVALUATION

OF EFFICACY OF NICOTINAMIDE, ERYTHROPOIETIN, AND

CYCLOSPORIN A USING SERUM BIOMARKERS: RESULTS

FROM OPERATION BRAIN TRAUMA THERAPY

Stefania Mondello,1 Deborah A Shear,2 Helen M Bramlett,3 Edward C

Dixon,4 Kara Schmid,2 W Dalton Dietrich,3 Kevin KW Wang,5 Ronald

L Hayes,6 Frank C Tortella,2 Patrick M Kochanek4

1Department of Neuroscience, University of Messina, Messina, Italy
2Department of Applied Neurobiology, Division of Psychiatry and

Neuroscience, Walter Reed Army Institute of Research, Silver Spring,

MD, USA
3Department of Neurosurgery, University of Miami Miller School of

Medicine, Miami, FL, USA
4Department of Critical Care Medicine, University of Pittsburgh

School of Medicine, Pittsburgh, PA, USA
5Departments of Psychiatry and Neuroscience, University of Florida,
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OBTT is a multicenter preclinical drug screening consortium for

TBI. We measured serum glial fibrillary acidic protein (GFAP) and

Ubiquitin C-terminal hydrolase (UCH-L1) in 3 rat models (para-

sagittal fluid percussion injury [FPI]), controlled cortical impact

[CCI] and penetrating ballistic-like brain injury [PBBI]) treated

with vehicle, or low or high doses of nicotinamide, erythropoietin

[EPO] or Cyclosporin A [CsA]. At 4 h after TBI UCH-L1 was

significantly higher in CCI vs. FPI and PBBI, and GFAP lower in

PBBI vs. CCI and FPI. Sham and TBI + Veh groups did not differ

across experiments in the same model confirming intra-model re-

producibility. But shams differed across models with highest UCH-

L1 levels in CCI and lowest GFAP in FPI. High-dose nicotinamide

reduced GFAP but not UCH-L1 in PBBI at 24 h. High-dose EPO

increased UCH-L1 at 4 h and reduced it at 24 h in CCI, but did not

affect GFAP. CsA showed a dose-dependent increase in GFAP at

4 h in CCI and PBBI but a reduction trend in FPI vs. Veh. CsA had

no impact on UCH-L1. Different models produced distinct bio-

marker profiles replicable across experiments supporting use of

biomarkers to characterize, standardize and refine TBI animal

models. Importantly, this study demonstrates that drugs differently

affect distinct types of lesions as reflected by distinct biomarker

pathways. Taken together, these findings provide robust evidence

for a potential application of biomarkers in TBI theranostics

thereby holding promise for personalized medicine.

Support: US Army W81XWH-10-1-0623.
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AMNIOTIC FLUID DERIVED MESENCHYMAL STROMAL

CELLS PROTECT ORGANOTYPIC BRAIN SLICES AFTER

OXIGEN-GLUCOSE DEPRIVATION INJURY

Francesca Pischiutta, Emanuela Parotto, Pietro Romele, Ornella

Parolini, Maria-Grazia De Simoni, Elisa R Zanier

IRCCS-Istituto di Ricerche Farmacologiche Mario Negri, Department

of Neuroscience, Milan, Italy

We established a model of cortical brain organotypic slices and ox-

ygen-glucose deprivation (OGD) to assess the protective effects of

amniotic mesenchymal stromal cells (AMSCs) or their conditioned

medium (CM) on cortical ischemia, a critical component of brain

damage following traumatic brain contusion. Prefrontal cortex orga-

notypic slices (P1-3 mice) were subjected to 2 h OGD (hypoxic

chamber: N2:95%, CO2:5%, O2:0.1%; DMEM without glucose).

Control slices were maintained in culture medium in normoxic con-

ditions. One hour post-OGD, the slices were cultured in: 1) culture

medium; 2) co-culture with AMSCs; 3) 50% CM. Cell death evalu-

ation: OGD increased propidium iodide (PI) incorporation both at 24 h

(mean – SD: + 2000 – 459%) and 48 h ( + 5000 – 1588%) compared to

controls. AMSC exposure following OGD significantly reduced PI

incorporation both at 24 h ( - 35 – 19%) and 48 h ( - 48 – 23%) com-

pared to OGD alone. CM exposure following OGD significantly re-

duced PI incorporation at 24 h ( - 28 – 23%) but no longer at 48 h

( - 26 – 42%) compared to OGD alone. Edema evaluation: OGD induced

a marked slice swelling at 24 h (137 – 32%) and 48 h (122 – 10%)

compared to pre-OGD. AMSC exposure following OGD significantly

reduced slice swelling at 24 h (122 – 18%) compared to OGD alone

resulting in the complete resolution of edema at 48 h (99 – 4%).

Control slices co-cultured with AMSCs or CM never differed from

those in culture medium. Our data show that AMSCs are able to

protect cortical brain slices after ischemic injury and that CM from

AMSCs confers transient protection. This model represents a reliable

tool to investigate specific mechanisms associated with AMSC pro-

tection in the ischemic injury.
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BONE MARROW MESENCHYMAL STROMAL CELLS

DRIVE PROTECTIVE M2 MICROGLIA POLARIZATION

AFTER BRAIN TRAUMA

Elisa R Zanier, Francesca Pischiutta, Loredana Riganti, Federica

Marchesi, Elena Turola, Stefano Fumagalli, Carlo Perego, Emanuela

Parotto, Paola Vinci, Pietro Veglianese, Giovanna D’Amico, Claudia

Verderio, Maria-Grazia De Simoni

IRCCS-Istituto di Ricerche Farmacologiche Mario Negri, Department

of Neuroscience; Milan, Italy

Microglia/macrophages (M) are major contributors to post-injury in-

flammation but they may also promote brain repair in response to

specific environmental signals that drive classic (M1) or alternative

(M2) polarization. We investigated the activation and functional

changes of M in mice subjected to controlled cortical impact (CCI)

receiving human bone marrow mesenchymal stromal cells (MSCs) or

saline infusion. MSCs up-regulated Ym1 and Arginase-1 mRNA

(p < 0.001), two M2 markers of protective M polarization, at 3 and 7d

post-injury and increased the number of Ym1 + cells at 7d post-injury

(p < 0.05). MSCs reduced the presence of the lysosomal activity

marker CD68 on the membrane surface of CD11b positive M

(p < 0.05), indicating a reduced phagocytosis. MSC-mediated induc-

tion of the M2 phenotype in M was associated with recovery of

neurological functions (assessed by composite neuroscore and beam

walk) 7d post-injury (p < 0.01) and reparative changes of the lesioned

microenvironment. In vitro, MSCs directly counteracted the pro-in-

flammatory response of primary murine microglia stimulated by

TNFa + IL17 or by TNFa + INFc and induced M2 pro-regenerative

traits, as indicated by the down-regulation of iNOS and up-regulation

of Ym1 and CD206 (p < 0.01) mRNA. In conclusion we found evi-

dence that MSCs can drive the M transcriptional environment and

induce the acquisition of an early, persistent M2 beneficial phenotype

both in vivo and in vitro. Increased Ym1 expression together with

reduced in vivo phagocytosis indicates M selection by MSCs towards

the M2a subpopulation, which is involved in growth stimulation and

tissue repair.
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DIFFERENTIAL ACUTE AND CHRONIC RESPONSE OF

CX3CR1 DEFICIENT MICE TO EXPERIMENTAL BRAIN

TRAUMA

Federica Marchesi, Fabrizio Ortolano, Carlo Perego, Francesca

Pischiutta, Tommaso Zoerle, Maedeh Arabian, Emanuela Parotto,

Elisa R Zanier and Maria-Grazia De Simoni

IRCCS-Istituto di Ricerche Farmacologiche Mario Negri, Department

of Neuroscience, Milan, Italy

We investigated the consequences of CX3CR1 fractalkine receptor

deletion on neurobehavioral and histopathological outcome, and mi-

croglia/macrophage (M) phenotypical features in mice after traumatic

brain injury (TBI) induced by controlled cortical impact (CCI). Four

and seven days after injury CX3CR1-/- mice (n = 12) subjected to CCI

showed early significant reduction of sensorimotor deficits, evaluated

using composite neuroscore, associated to lower cortical damage as-

sessed by neuronal count and TUNEL staining compared to WT mice.

Conversely, at 35 days they showed a delayed worsening of sensori-

motor deficits and histological damage. M phenotypical features were

assessed by immunohistochemistry for CD11b (% of stained area),

CD68 (% of stained area), a marker of phagocytosis, and iNOS

(numbers of positive cells/mm2), a marker of M1 phenotype. At early

time points immunoreactivity for CD11b was increased ( + 25%,

p < 0.05) while that for CD68 and for iNOS was decreased (CD68:

- 33%, p < 0.001; iNOS: - 40%, p < 0.001) in CX3CR1-/- compared to

WT injured mice. In contrast, at 35 days a selective increase of iNOS

( + 189%, p < 0.001) with no changes for the other markers was de-

tected in CX3CR1-/- compared to WT mice. These data show an early

protection followed by a chronic exacerbation of TBI damage in ab-

sence of CX3CR1. The different polarization of M observed at early

and late stages in CX3CR1-/- mice suggests that fractalkine-mediated

M activation may play a role in facilitating long-term recovery and

repair after TBI.
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THE FEATURES OF TRAUMATIC BRAIN INJURY WITH

ACUTE DETERIORATION AFTER RECOVERY OF CON-

SCIOUSNESS

Tasuke Tanaka, Akinori Wakai, Mitsuo Ohnishi, Daikai Sadamitsu

Osaka National Hospital, Osaka, Japan

In the last five years, we experienced four cases of traumatic brain

injury which suddenly deteriorated despite recovery of consciousness.

Therefore, we analyzed this and report the characteristics of the in-

juries.

1. A twenty-eight-year-old woman was injured in a traffic

accident. Her consciousness was E3V2M6 (GCS) on ar-

rival. A craniotomy and removal of the hematoma was

performed. Her normal temperature (TEMP) was main-

tained. On the 7th hospital day (HD), her consciousness

recovered to M6, but on the 12th HD acute deterioration

occurred and she was dead on the 17th HD. AIS4 (head)

ISS26 Ps0.955.

2. A seventeen-year-old boy was injured in a railway accident.

His consciousness was E1V1M4 on arrival. A craniotomy and

removal of the hematoma was performed followed by thera-

peutic hypothermia. On the 8th HD consciousness recovered to

M6, but on the next day, acute deterioration occurred and he

was dead on the 16th HD. AIS5 (head) ISS30 Ps0.830.

3. A twenty-five-year-old woman was injured in a crash. Her

consciousness was E1V4M6 on arrival. Her normal TEMP

was maintained. On the 5th HD consciousness recovered to

M6, but on the 7th HD acute deterioration occurred and she

was dead on the 19th HD. AIS4 (head) ISS21 Ps0.941.

4. A twenty-nine-year-old woman was injured in a crash. Her

consciousness was E1V1M1 on arrival. Her normal TEMP was

maintained. On the 4th HD consciousness recovered to M5

under sedation, but on the 7th HD, acute deterioration occurred

and she was dead on the 18th HD. AIS4 (head) ISS21 Ps0.941.

All of the patients were young and had fractures in the posterior fossa

and hemorrhage in the frontal lobe. There was no change of intra-

cranial pressure (ICP) around the acute deteriorated area in all of the

cases. There was acute deterioration 12 weeks after admission.
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Traumatic brain injuries (TBIs) are a major public health problem.

Although they are relatively well studied, information on some as-

pects, such as location, is limited. The aim of this paper was to de-

scribe patterns of TBI related to places where trauma occurred,

analyse their causes and relations with severity and outcome.

1098 cases of TBI admitted to hospitals in Austria were analysed with

respect to where they occurred. Primary populations at risk were

identified for each location as well as demographic factors, patterns of

injury severity, extent of injury and short and long-term outcomes.

TBIs at home occurred mostly in elderly after falls and had the worst

outcome. TBIs on streets/public places were caused mostly by falls or

traffic accidents. TBIs on roads/highways were the most common,

especially in young ages. Outdoor/sports injuries were caused mainly

by sports or falls. Workplace TBIs happened almost solely to men and

were the most severe.

TBIs at different locations display distinctive patterns as to causes,

severity, outcome and populations at risk. Location is therefore a

relevant epidemiological aspect of TBI and we advocate its inclusion

in future studies. Definitions of primary populations at risk at different

locations could aid targeted public health actions.
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DYNAMIC EVOLUTION OF ATROPHY AFTER MODERATE

TO SEVERE TRAUMATIC BRAIN INJURY
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It is clear that many of the sequelae of Traumatic Brain Injury

(TBI) are not just a direct consequence of the acute event, but

represent a dynamic process, with changes occurring many years

after the event. Here we investigate the temporal changes in re-

gional volumes after TBI. Twelve patients who had sustained

moderate to severe TBI, underwent serial MR imaging on at least

three and up to five occasions. All were imaged within 1 week of

injury as well as twice five or more months post injury which

included 3D T1-weighted structural sequence. Eight controls un-

derwent three imaging sessions over the same time period. Subject

specific probabilistic segmentation estimates of regions of inter-

ested were derived using an atlas-based approach based on an ex-

pectation-maximization framework. Non-parametric statistics were

used. The thalamus and cerebral white matter showed a significant

volume loss over time for patients but not controls (P < 0.001). The

lateral ventricles showed a significant volume increase in the pa-

tient group (P < 0.001). In contrast there was no significant volume

change in the hippocampus for either patients or controls. The

differential effects of volume change are consistent with progres-

sive but selective damaging effects of TBI on the white and grey

matter, indicating that individual regions have different resilience

and/or vulnerabilities to the effects of injury. The volume changes

seen are likely secondary to the influence of edema in the acute

scans. Late changes in regional volume are attributable to a range

of pathophysiological process, including Wallerian degeneration,

metabolic changes, and inflammation.
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AFTER JUVENILE TRAUMATIC BRAIN INJURY: POSSIBLE
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Traumatic brain injury (TBI) is a leading cause of long-term disability

in the pediatric population. Juvenile (j)TBI induces phenotypic

changes of the blood-brain barrier (BBB) and accumulation of amy-

loid-b (Ab) at 2 months. Recently, we demonstrated emergence of

cognitive dysfunctions up to 6 months after jTBI, suggesting that

long-term changes of the BBB could participate in the establishment

of neurodegenerative process. We hypothesized that early TBI in-

duces changes in the neurovascular unit (NVU), associated with Ab
accumulation. We investigated NVU changes up to 6 months in a rat

jTBI model, with a focus on the transporter P-glycoprotein (P-gp) and

on the basement membrane proteins perlecan and fibronectin, known

to be involved in Ab clearance. Ab staining is present and increased

after jTBI around cerebral blood vessels, and the diameter of the

cerebral microvessels is decreased by 25 and 34% at 2 and 6 months,

respectively, without significant angiogenesis. P-gp staining in endo-

thelium is decreased by 22% and parallels an increase of perlecan and

fibronectin staining around cerebral blood vessels.

In conclusion, a brain injury occurring during childhood could accelerate

neurodegenerative processes underlined by Ab deposition and leading to

cognitive dysfunctions. Associated with Ab accumulation, the BBB

phenotype is changed with a decrease of P-gp and an increase of perlecan

and fibronectin, both proposed to be involved in Ab fibrillization and

stabilization. These results strongly suggest that the emergence of be-

havioral dysfunctions observed in our model at long-term could be re-

lated to vascular dysfunctions such as a decrease of Ab clearance.
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A SWINE MODEL OF INTRACELLULAR CEREBRAL EDEMA

Guy Rosenthal, Fernando Ramirez de Noreiga, Samuel Moscovici,
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San Francisco, CA, USA

Large animal models of traumatic brain injury (TBI) provide a plat-

form to study cerebral physiology but to date, few have succeeded in

achieving raised intracranial pressure (ICP) above the 20–25 mm Hg

threshold considered critical in human TBI. We describe a swine

model of water intoxication and its cerebral histological and physio-

logical sequale.

Female swine weighing 35–45 kg were anesthetized and continuously

monitored with systemic and cerebral physiological monitors in-

cluding ICP and Licox brain tissue oxygen tension (PbtO2) monitors.

Four serum sodium intervals were designated: baseline (135–

145 mEq/L), mild (130–134 mEq/L), moderate (125–129 mEq/L), and

severe hyponatremia (116–124 mEq/L), and attained by infusing hy-

potonic saline. Both at baseline and at the end of the experimental

protocol a wedge biopsy was obtained for pathological examination

and electron microscopy.

We studied 8 swine that received a total of 7.0 – 2.0 liters of hypotonic

saline over a mean of 4.5 – 1.1 hours. We found a substantial and

consistent rise in ICP with decreasing serum sodium. Mean ICP rise

from a baseline value of 6 – 2 to 28 – 6 mm Hg during severe hypo-

natremia, while cerebral perfusion pressure (CPP) decreased from a

baseline of 72 – 10 to 46 – 11 mm Hg. We also found a decrease in

PbtO2 from a baseline value of 18.4 – 8.9 to 5.2 – 3.0. Electron mi-

croscopy demonstrated substantial intracellular edema and astrocytic

foot process swelling following water intoxication.

The swine model of water intoxication leads to elevated ICP, de-

creased PbtO2, and intracellular cerebral edema demonstrated on

electron microscopy. This model may be a useful platform with

clinical relevance to study intracellular cerebral edema in a setting

similar to the modern ICU.
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There is no agreement whether a traumatic brain injury (TBI) with

Glasgow Coma Scale (GCS) score 13 should be classified as mild or

moderate. Objective was to compare MRI findings and functional

outcome in. patients with GCS score 13 and patients with GCS score

9–12. During 2004–2009, 119 patients (aged 6–94) with GCS score 9–

13 were admitted to a level1 trauma center, and 67 (56%) had early

MRI (FLAIR, T2*GRE and DWI) at median 8 days (range 0 to 28

days). Patients were divided into GCS score 13 (n = 27; mean age 35)

and GCS score 9–12 (n = 40; mean age 36). Outcome was assessed

with Glasgow outcome Scale Extended (GOSE) after 12 months. MRI

was normal in 1 patients with GCS score 13 and in 1 with GCS score

9–12. Traumatic axonal injury (TAI) was found in 16 patients (59%)

with GCS score 13 and in 30 patients (75%) with GCS score 9–12

(p = 0.29). TAI in the brain stem (TAI grade 3) was more common in

patients with GCS score 9–12; (28% vs. 7%; p = 0.041). No difference

was found regarding frequency of contusions (p = 0.32). 78% of pa-

tients with GCS score 13 and 63% of patients with GCS score 9–12

experienced good recovery (GOSE 7–8) (p = 0.19). Almost all patients

with GCS score 13 exhibited MRI findings, and frequency of TAI or

contusions was not different from patients with GCS score 9–12.

Patients with GCS score 13 had less often TAI in the brain stem.

Outcome did not differ significantly.
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The problem of treatment of severe head injury neurosurgical

patients with refractory intracranial hypertension (RIH) was di-

lemma for neurosurgical community for decades. Despite prog-

ress in understanding, monitoring and treatment the outcome of

patients with intracranial hypertension and brain edema remains

poor.

We have compared the effects of treatment and outcome of patients

who have undergone to classical decompressive craniectomy (DC)

and modified spared technique Hinge craniotomy (HC) in patients

with severe traumatic brain injury (TBI).

In a prospective controlled randomized three-year study we fol-

lowed 67 patients with RIH. In 41 patients the cause of the RIH was

severe TBI. Of the 41 patients with TBI, 29 were treated surgically

(29/41, 70%). Thirteen (44.8%) patients were treated with DC, 10

patients (34.5%) with HC, while 6 patients (20.7%) were treated

with both DC and HC (bilateral craniec-/craniotomy).

Results suggest that surgical treatment of patients with RIH as

terminal treatment option is justified and superior compared to

conservative treatment. The decision whether to make a DC or HC

should be made intraoperatively depending on the findings and the

condition of the brain, rather than preoperatively only on the basis

of imaging. In both techniques it is crucial to make the basal de-

compression by removing the lateral wall and part of floor of

middle cranial fossa in order to relieve compression of the brain

stem and prevent uncal herniation.
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A LONGITUDINAL COHORT STUDY OF PATIENTS WITH

MILD AND MODERATE TBI: A PILOT STUDY

Rune Hatlestad Karlsen,1 Cathrine Einarsen,1,2 Hans Kristian Moe,1

Virginia Newcombe,3,4 David K Menon,3,4 Asta Kristine Hoberg,1

Live Eikenes,1 Anne Vik,1,5 Jian Xu,6 David McDonagh,1,7 Toril

Skandsen1,2

1Department of Neuroscience, Norwegian University of Science and

Technology, Trondheim, Norway
2Department of Physical Medicine and Rehabilitation, St. Olavs

University Hospital, Trondheim, Norway
3Division of Anaesthesia, Department of Medicine, University of

Cambridge, Cambridge, UK
4Wolfson Brain Imaging Centre, Department of Clinical

Neurosciences, University of Cambridge, UK
5Department of Neurosurgery, St. Olavs University Hospital,

Trondheim, Norway
6Department of Medical Imaging, St. Olavs University Hospital,

Trondheim, Norway
7Trondheim Municipality Outpatient Clinic, Trondhein, Norway

Outcome after mild and moderate traumatic brain injury (TBI) varies

greatly. Prospective studies combining advanced MRI with a broad

collection of predictors are needed. As preparation for a collaborative

study with University of Cambridge, and participation in the EU study

CENTER-TBI, a pilot study was conducted. The objective was to

investigate the frequency of eligible patients, willingness to partici-

pate, feasibility of study procedures and also provide preliminary

results.

Patients with TBI (18 to 60 years) and Glasgow Coma Scale (GCS)

score 9–15 were prospectively included for 12 weeks from a re-

gional Level 1 Trauma Center in Norway and the municipal out-

patient clinic. All patients were asked to participate with basic

information (cohort 1). Those without major premorbid medical

conditions were selected to an in-depth study with repeated ad-

vanced MRI, questionnaires and cognitive computerized testing

(CANTAB) (cohort 2). Outcome was assessed in all patients 3

months post-injury.

To date, after 8 weeks of inclusion, 38 patients satisfied inclusion

criteria and 34 (90%) were enrolled. 19 of these (55%) were eligible

for cohort 2, whereof 5 chose only basic registration. 66% had GCS

score 15. CT was performed in 94% (abnormal in 22%). The com-

pleted pilot sample will be presented at the conference with CT and

MRI findings, rate of post-concussion syndrome, emotional/somatic

symptoms and premorbid factors.

Rate of participation was high. We recommend differentiating level of

participation, since most patients were willing to report outcome, but

several were excluded from the in-depth study.
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WHOLE BRAIN TRACTOGRAPHY – A PROGNOSTIC TOOL IN

ACUTE PHASE OF TBI AND SAH – PRELIMINARY RESULTS

Süleyman Sener, Wim Van Hecke, Bart Feyen, Tomas Menovsky,

Paul Parizel, Andrew IR Maas

Antwerp University Hospital and University of Antwerp, Department

of Neurosurgery and Radiology, Antwerp, Belgium

Severe traumatic brain injury (TBI) and subarachnoid haemorrhage

(SAH) are the most common pathologies on the neuro-ICU and are
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associated with high mortality and morbidity. Diffusion tensor im-

aging (DTI) can provide useful information on the extent of damage in

these conditions.

50 patients (28 SAH and 22 TBI) were included in an observation

study. In these patients MRI with DTI analysis were performed on day

twelve after admission. Due to various reasons (early death, haemo-

dynamic instability, high oxygen requirements) some patients were

not able to transport to the MRI, leaving 30 MRI scans (15 SAH, 15

TBI).

Fractional anisotropy (FA), average tract length, number of tracts,

total tract length, axial diffusivity, radial diffusivity and mean dif-

fusivity were measured in all patients. These results were compared

between survivors and non-survivors at 6 months. The analysis was

performed for the SAH and TBI group alone and the total group.

Preliminary results show that DTI analysis on day 12 show signifi-

cant differences between survivors and non-survivors at 6 months on

FA, average tract length, total tract length and number of tracts. No

differences were observed between patients with SAH and TBI.

Preliminary results from MRI scanning with diffusion tensor imag-

ing (DTI) show significant differences between survivors and non-

survivors on day 12. No differences were observed between the SAH

and TBI patients, which is important since both have different

pathophysiological mechanisms. However these results are very

promising, further research and validation in larger patient popula-

tions is needed.
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Gallagher,4 Andrew T King,5 Ivan Timofeev,1 David A Mendelow,6
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In the context of TBI, the bone flap can be left out when evacuating an

acute subdural haematoma (ASDH) in the acute phase (primary de-

compressive craniectomy; DC).

The RESCUE-ASDH trial (Randomised Evaluation of Surgery with

Craniectomy for patients Undergoing Evacuation of Acute Sub-Dural

Haematoma) is a multi-centre, pragmatic, parallel group randomised

trial of primary DC versus craniotomy for head-injured patients with

an ASDH.

RESCUE-ASDH aims to determine the effectiveness of DC versus

craniotomy in ‘the real world’; hence, following consent, surgeons

will decide upon the suitability for randomisation of individual pa-

tients intra-operatively similar to routine practice.

The criteria which will be used to determine eligibility of individual

patients are:

� Inclusion criteria

- Adult head-injured patients (aged > 16 years)

- Acute subdural haematoma on CT

- The admitting neurosurgeon feels that the haematoma needs

to be evacuated either by a decompressive craniectomy or

craniotomy (bone flap > 11 cm)

� Exclusion criteria

- Bilateral fixed and dilated pupils and/or brainstem injuries on CT

- Uncorrected coagulopathy

- Severe pre-existing physical or mental disability or severe co-

morbidity which would lead to a poor outcome even if the

patient made a full recovery from the head injury.

The primary outcome measure will be the extended GOS at 12 months

post-injury. The study will start with an internal pilot phase in

July 2014, which, if successful will be followed by the substantive

phase.
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SHOULD PATIENTS WITH GCS SCORE 13 BE CLASSIFIED

AS MODERATE TRAUMATIC BRAIN INJURY?

Cathrine Elisabeth Einarsen,1,2 Rune Hatlestad Karlsen,1 Stine Borgen

Lund,3 Kent Goran Moen,1,3 Anne Vik,1,3 Toril Skandsen1,2

1Department of Neuroscience, Norwegian University of Science and

Technology, Trondheim, Norway
2Department of Physical Medicine and Rehabilitation, St. Olavs
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3Department of Neurosurgery, St. Olavs Hospital, Trondheim

University Hospital, Norway

There is no agreement whether patients with Glasgow Coma Scale

(GCS) score 13 should be classified as mild or moderate traumatic

brain injury (TBI). The objective was to compare CT findings and

functional outcome in patients with GCS score 13 versus patients with

GCS score 9–12. During a 7-year period (2004–2011), 170 patients

with TBI (aged 6–97) and GCS score 9–13 were admitted to a level 1

trauma centre. They were divided into patients with GCS score 13

(n = 69; mean age 47) and GCS score 9–12 (n = 101; mean age 44).

Intracranial pathology on CT scan at admission was described and

classified according to Rotterdam CT classification. Outcome was

assessed with Glasgow Outcome Scale Extended (GOSE) 12 months

after injury. No differences were found regarding intracranial CT

findings in patients with GCS score 13 compared to those with GCS

score 9–12 (77% vs. 80%, p = 0.57). There were no differences in the

frequency of subdural haemorrhage, epidural haemorrhage, sub-

arachnoid haemorrhage or cranial fractures. Median Rotterdam CT

score was 3 in both groups (interquartile range, IR 2–3 in both groups,

p = 0.77). Median GOSE score was 8 in GCS score 13 and 7 in GCS

score 9–12 (IR 6–8 in both groups), (p = 0.34). Frequency of good

recovery (GOSE 7–8) was 66% and 62% (p = 0.63). TBI patients with

GCS score 13 did not differ significantly from patients with GCS

score 9–12 with regard to CT findings and outcome, and hence might

be classified as moderate TBI.
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CAN MAGNETIC RESONANCE SPECTROSCOPY SI-

MULTANEOUSLY PROBE LINKS BETWEEN EDEMA AND

ENERGY DISRUPTION FOLLOWING TRAUMATIC BRAIN

INJURY?

William Brooks, Janna Harris, Henry Yeh, Phil Lee, In-Young Choi,

Russell Swerdlow

University of Kansas Medical Center, Hoglund Brain Imaging Center

and Departments of Neurology, Biostatistics, and Molecular and

Integrative Physiology, Kansas City, USA

Following traumatic brain injury (TBI) energy disruption, neurons and

astrocytes exude organic osmolytes, including taurine and inositol, to

maintain volume homeostasis. Recent high-field magnetic resonance

spectroscopy (MRS) findings have documented that taurine and ino-

sitol changes can be quantified non-invasively after TBI. Other evi-

dence showing post-injury N-acetylaspartate (NAA) loss in humans

and animals after TBI is often interpreted as mitochondrial dysfunc-

tion. Our goal was to determine whether organic osmolyte loss, pre-

sumably indicating edema, was associated with energy disruption. We

used high-field 9.4T short echo STEAM MRS to quantify neuro-

chemicals in cerebral cortex (lesion site) and hippocampus in 12 male

F344 rats (3 mo) before and three days after a controlled cortical

impact (5 mm tip, 3 m/s, 2 mm depth, 300 ms contact time). Animals

were anesthetized with isoflurane for all surgery and scanning in ac-

cordance with institutional guidelines. We used LCModel to deter-

mine absolute concentrations of N-acetylaspartate, lactate, taurine,

and inositol. We calculated the change in neurochemical concentra-

tion after injury and the correlations between changes in pairs of

neurochemicals. Data from both locations were combined to provide a

range of injury severity. Taurine and inositol fell gradually after TBI

providing evidence of cell volume osmoregulation. Taurine and ino-

sitol changes were also correlated (r2 = 0.84). NAA fell and lactate

increased rapidly. Moreover, NAA and lactate changes were strongly

correlated (r2 = 0.76) suggesting disrupted mitochondrial energy pro-

duction leading to upregulated glycolysis. The strong correlation of

loss of each of taurine and inositol (r2 > 0.85) with NAA loss suggests

that energy metabolism might play a role in osmoregulation.
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MATRIX METALLOPROTEINASE 9 LEVELS ARE IN-

CREASED IN PERI-CONTUSIONAL BRAIN: A PAIRED MI-

CRODIALYSIS STUDY

Mathew R Guilfoyle,1 Adel Helmy,1 Keri LH Carpenter,1,2 David K

Menon,2,3 John D Pickard,1,2 Peter JA Hutchinson1,2

1Division of Neurosurgery, Department of Clinical Neurosciences,

University of Cambridge, Cambridge, UK
2Wolfson Brain Imaging Centre, Department of Clinical

Neurosciences, University of Cambridge, Cambridge, UK
3Division of Anaesthesia, Department of Medicine, University of

Cambridge, Cambridge, UK

Matrix metalloproteinases (MMP) are a family of extracellular en-

zymes that have important roles in the secondary injury cascade fol-

lowing traumatic brain injury (TBI). In particular, MMP-9 has been

implicated as a key mediator of blood brain barrier disruption, lesion

expansion, and brain oedema in experimental models. Clinical studies

have suggested that cerebral MMP-9 levels are increased in TBI pa-

tients but it remains unclear if this is localised to sites of focal brain

injury such as contusions. Twelve patients with severe TBI admitted

to critical care were enrolled in the study. Microdialysis catheters

(CMA 71, 100 kDa cut-off) were inserted in peri-contusional brain,

either via a cranial access device or at the time of craniotomy. A

second microdialysis catheter was placed in radiologically normal

brain based on the presenting CT scan. Microdialysate was assayed in

a multiplex ELISA for MMPs 1, 2, 7, 9, and 10 (Millipore/Luminex).

Data were analysed with repeated measures analysis of variance.

Levels of MMP-9 were significantly higher in peri-contusional brain

compared with radiologically normal brain (p = 0.03). There was also

a significant reduction in MMP-9 levels from early ( < 72 hours) to

later time points ( > 72 hours) following injury (p = 0.04). In contrast,

levels of MMP-1, 2, 7, and 10 were comparable at both sites and did

not show similar temporal changes. MMP-9 expression is increased

early following TBI and is principally localised to regions of injury.

Inhibition of MMP-9 may be a promising target to reduce contusion

expansion and peri-contusional oedema.
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INCIDENCE AND RISK FACTORS FOR SUICIDAL IDEA-

TION AFTER MILD TRAUMATIC BRAIN INJURY

Leodante da Costa, Allison Bethune, Scott McCullagh, Elizabeth

Waknine, Xiong Wei, Anthony Feinstein

Department of Surgery, Division of Neurosurgery, Sunnybrook

Hospital, University of Toronto, Ontario, Canada

Mild traumatic brain injury (mTBI) is highly prevalent and may be asso-

ciated with risk of suicidal ideation (SI). Little attention is given to iden-

tification of possible risk factors for SI in ER assessment. A large cohort of

mTBI patients was examined prospectively to investigate the prevalence

and risk factors for SI. Prospective data was collected over 14 years. Over

50 demographic, outcome and psychometric measures were evaluated:

radiological and clinical features collected at admission, psychiatric and

social assessment at 3 and 6 months. Chi-square analyses were used to

determine correlates of SI, logistic regression analysis to model the pre-

dictors. 2296 patients (mean age = 34.7) were seen, 82% suffered mTBI.

The frequency of SI was high: 24% (3 months) and 53% (6 months).

Altered level of consciousness (p = 0.008) and female sex (p = 0.01) was

correlated with higher probability of SI. Radiological and clinical variables

(GCS, amnesia length, CT findings) commonly assessed in the ER were

not. In follow-up there was an increase in incidence of SI. At 6 months

unemployment (p = 0.024) and no past history TBI (p = 0.0008) were

predictive of SI, while initial clinical and radiological findings were not.

Suicidal intent following mTBI is frequent and risk does not decrease with

time from injury. Current routines for assessment of mTBI fail to identify

patients at highest risk. Improvements in the ER assessment with inclusion

of demographic, psychiatric and socioeconomic factors in the initial

evaluation. Our observation of a delayed increase in SI indicates a time

window for therapeutic intervention.
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MILD TRAUMATIC BRAIN INJURY: VESTIBULAR CON-

SEQUENCES

Skobska O, Kadzhaya N, Andreev

A.P. Romodanov Institute of Neurosurgery, Chernihiv Regional

Hospital, Chernihiv, Ukraine

A mild traumatic brain injury (mTBI) is often invisible, producing no

gross pathological evidence like a hemorrhage, or structural damage

to the skull or areas of the brain that can be seen via CT scan or MRI.

Recent works indicates that over 90% of patients will have mTBI

associated balance disorders. mTBI is a difficult diagnosis to prove in

court. Proving a brain injury to a jury when there is visible evidence

gives the defense a strong case to present. To verify vestibular dis-

orders in patients with mTBI, computer stabilography (CS) has been

successfully used since recently. This retrospective analysis included

22 patients (age = 35,5 – 0,9 years: 10 males, 12 females) with mTBI.

A standardized clinical protocol for the examination was used. The

average age of patients was years. Postural control function was as-

sessed with ‘‘Stabiloanalyzer 01-03’’ (‘‘Rhythm’’, Russian Federa-

tion), using open and closed eye Romberg test and dynamic stability

test with active maximum body bent in a prescribed direction. For the

control group 15 healthy persons were used. Symptoms from con-

cussions and mTBI may not present themselves for 24-to-72 hours

after the injury, and not during the first couple of hours when most

victims go to the ER for evaluation. Due to our results, a moderate

disturbances level of subjective vestibular disorders (average score =
3,6 – 0,5), according to the International classification of functional

disturbances scale (WHO, 2001) was found. Almost at 54.5% of in-

spected patients, a spontaneous nystagmus during first days after

trauma was exposed and also his complete disappearance by 10–13

day after a trauma was marked. All patients showed specific stabilo-

graphy changes and among them the extension of statokinesiogram

area over than 200 mm2 was marked as the most prominent. The

fluctuations of pressure center was more significant in the sagittal

plane. Values of ‘‘speed’’ and ‘‘quality of equilibrium function’’ were

lower (p < 0,05) in comparison with control group. Vestibular disor-

ders are the most common manifestations (‘sentinel finding’) of

mTBI. A concussion or a mTBI can seriously impact on the quality of

life, ability to gainfully work, and developing stable personal and

social relationships. The use of CSin patients with mild head injury

opens new opportunities of medical-legal evaluation of vestibular

dysfunction.
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SYMPTOMS AFTER MILD TRAUMATIC BRAIN INJURY

CORRELATE WITH CEREBROVASCULAR REACTIVITY

CHANGES IN BOLD MRI

Leodante da Costa, CHB van Niftrik, D Crane, J Fierstra, A Bethune

Department of Surgery, Division of Neurosurgery, Sunnybrook

Hospital, University of Toronto, Ontario, Canada

The aim of this study is to investigate the relationship between ce-

rebrovascular reactivity (CVR) to CO2 measured with BOLD MRI

and post concussion symptoms (PSC) following a mild traumatic

brain injury (mTBI). Twenty-five patients (mean age = 42.6; 72%

males) who sustained a recent mTBI were submitted to CVR testing

using MRI blood oxygen level dependent (BOLD) images (average 63

days post-injury) and CO2 manipulation with the RespirActTM, a
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custom built automated gas sequencer and breathing circuit combi-

nation. PSC was assessed using SCAT2 questionnaire. Mean CVR

indexes were generated for whole brain, grey and white matter.

Pearson coefficient was used to evaluate the correlation between

global, White Matter (WM) and Grey Matter (GM) CVR and SCAT-2

scores. Global CVR and SCAT-2 showed a significant correlation

(r = 0.4, p = 0.048), with patients with lower CVR indexes (indicating

a state of vasoparalysis in response to CO2) more likely to have lower

SCAT2 scores (more symptoms). A significant correlation was also

found between GM CVR and SCAT2 scores (r = 0.4, p = 0.044). No

significant relationship was found between gray matter WM CVR and

SCAT2 (r = 0.31, p = 0.13). Severity of PSC correlates with impair-

ment of CVR seen on BOLD MRI. Regional variations in CVR im-

pairment can be detected by the technique. BOLD CVR needs to be

investigated longitudinally as an imaging indicator of severity of in-

jury in seemingly mild injuries, and may help to answer important

questions such as time to return to work / play, and monitor response

to treatment.
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BLOOD BRAIN BARRIER DISRUPTION PERSISTS FOR

YEARS AFTER A SINGLE TRAUMATIC BRAIN INJURY IN

HUMANS

Jennifer Hay,1,2 Adam MH Young,1,2 Victoria Johnson,3 Douglas H

Smith,3 William Stewart1,2

1University of Glasgow, Glasgow, UK
2Department of Neuropathology, Southern General Hospital,

Glasgow, UK
3Penn Centre for Brain Injury and Repair and Department of

Neurosurgery, Perelman School of Medicine, University of
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Traumatic brain injury (TBI) is a recognised risk factor for dementia,

with the associated pathology best described as a ‘polypathology’.

However, the mechanism driving this late neurodegeneration remains

elusive. Increasingly, blood brain barrier (BBB) disruption is recog-

nized as a facet of a range of neurological disorders, including neu-

rodegeneration. Whilst acute BBB disruption is recognised post-TBI,

the longer term dynamics of this disruption remain to be described.

From the Glasgow TBI Archive cases of single moderate/severe TBI

with survival greater than 1 year (n = 32) and age matched controls

(n = 21) were identified and sections of parasagittal cortex stained for

fibrinogen and immunoglobulin G as markers of BBB disruption.

These sections were then screened and assessed for pattern, distri-

bution and extent of staining using a standard semi-quantitative

scoring system.

Widespread extravascular fibrinogen immunoreactivity was present in

a higher proportion of long-term TBI survivors (58%) in comparison

to age-matched controls (9.5%). This increased staining was evident

in all anatomical regions examined, including all cortical layers and at

the crests of gyri and depths of sulci; though the greatest difference

was noted in the deeper cortical layers (layers IV-VI). A similar

pattern and distribution of immunoreactivity was observed in sections

stained for immunoglobulin G.

These results provide evidence of widespread BBB dysfunction in a

majority of long-term TBI survivors in comparison to more localised

and limited disruption in a smaller number of age-matched controls.

This post-TBI BBB disruption requires further characterisation and

may serve as an anatomical substrate contributing to post-TBI neu-

rodegenerative pathologies.
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RECURRENT TRAUMATIC BRAIN INJURY (TBI) IN A NEW

ZEALAND POPULATION-BASED INCIDENCE SAMPLE

Alice Theadom,1 Valery L Feigin,1 Suzanne Barker-Collo,2 Nicola

Starkey,3 Kelly Jones,1 on behalf of the BIONIC Research Group
1National Institute for Stroke and Applied Neuroscience, Auckland

University of Technology, Auckland, NZ
2Department of Psychology, University of Auckland, Auckland, NZ
3Department of Psychology, University of Waikato, Hamilton, NZ

The impact of recurrent traumatic brain injury (TBI) is far in excess of

what would be expected if the subsequent injury occurred in isolation.

However, little is known about the prevalence, risk factors and long-

term consequences of sustaining more than one (recurrent) TBI in the

general population.

All new cases of TBI were identified over a one-year period as part of

a population-based TBI incidence study using multiple, prospective,

case ascertainment sources in the Hamilton and Waikato districts of

New Zealand. All living cases of all ages were invited to participate in

a follow-up assessment, one-year post-injury to assess the occurrence

of recurrent brain injuries, post concussive symptoms, cognitive

functioning, and community integration.

Prior to entry into the incidence study, 27% of the total sample (N = 725)

of participants had experienced a previous TBI. Over the one year

follow-up period, 8% had sustained at least one further TBI. Recurrent

injuries occurred most frequently in males (60%), with highest peaks in

prevalence in the under 5’s and 18–25 year olds. The most frequent

mechanisms of recurrent injuries were falls (47%) and assaults (16%).

Children and young adults were at greatest risk of recurrent injury,

increasing the lifetime impact of recurrent TBI. Given the mechanism

of injury was frequently the same as the registering injury, the results

suggest that greater efforts are needed to prevent recurrent TBIs.
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INCIDENCE OF TRAUMATIC BRAIN INJURY ACROSS THE

SPECTRUM: A POPULATION-BASED STUDY IN NEW

ZEALAND (THE BIONIC STUDY)

Alice Theadom,1 Valery L Feigin,1 Suzanne Barker-Collo,2 Nicola

Starkey,3 Kathryn McPherson,4 Michael Kahan,5 Anthony Dowell,6

Paul Brown,7 Varsha Parag,8 Robert Kydd,9 Kelly Jones,1 Amy

Jones,1 Shanthi Ameratunga,10 on behalf of the BIONIC Research

Group
1National Institute for Stroke and Applied Neurosciences, Faculty of

Health and Environmental Studies, AUT University, Auckland, New

Zealand
2Department of Psychology, The University of Auckland, Auckland,
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3School of Psychology, Faculty of Arts & Social Sciences, The

University of Waikato, Hamilton, New Zealand
4Health and Rehabilitation Research Institute, Faculty of Health and

Environmental Studies, AUT University, Auckland, New Zealand
5Rehabilitation Unit & Concussion Clinic, Waikato Occupational

Services Ltd, Hamilton, New Zealand
6University of Otago, Newtown, Wellington, New Zealand
7School of Social Sciences, Humanities and Arts, University of

California, Merced, California, USA
8National Institute for Health Innovation, The University of Auckland,

Auckland, New Zealand
9Department of Psychological Medicine, The University of Auckland,

Auckland, New Zealand
10School of Population Health, Faculty of Medical & Health Sciences,

University of Auckland, Auckland, New Zealand
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Traumatic brain injury (TBI) is a leading cause of disability in chil-

dren and young adults. Yet despite the high frequency and impact of

TBI, few population-based incidence studies have been conducted,

potentially resulting in cases of TBI being missed from incidence

estimates.

A prospective population-based TBI incidence study was conducted in

the Hamilton and Waikato regions of New Zealand (173,205 resi-

dents). All new cases of TBI (in people of all ages) including hos-

pitalised/non-hospitalised and fatal/non-fatal injuries that occurred

over a 12-month period (2010–2011) were identified using multiple

overlapping sources of information. Incidence rates per 100,000

person-years with 95% confidence intervals (CI) were calculated us-

ing Poisson distribution.

The total incidence rate of TBI was 790 (95% CI 749, 832) per

100,000. The majority of cases (95%) were classified as mild in se-

verity, with 36% of cases not attending hospital immediately fol-

lowing injury. Nearly 70% of all TBI cases were aged < 35 years.

Males had a 77% (95% CI 58%, 97%) greater risk of sustaining a TBI

than females. The most common mechanism of injury was due to a

fall (37.7%).

The incidence of TBI, particularly mild TBI, is far greater

than previously estimated. Case ascertainment methods need to

include community sources of referrals to capture the full spec-

trum of TBI. The high proportion of people not attending hospi-

tal following injury is a concern and programmes to increase

awareness of TBI and potential complications are urgently

needed.
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RIGHT MEDIAN NERVE ELECTRICAL STIMULATION IM-

PROVES THE OUTCOME OF TRAUMATIC COMA PA-

TIENTS

Guo-yi Gao, Yinghui Bao, Yumin Liang, Shenghao Ding, Jiyao Jiang

Department of Neurosurgery, Renji Hospital, Shanghai Jiaotong

University School of Medicine, Shanghai Institute of Head Trauma,

Shanghai, China

To evaluate the clinical benefits of right median nerve electrical

stimulation on traumatic coma patients. Coma patients following

traumatic brain injury were recruited into clinical trail from 2005 to

2011. Patients were randomized to receive routine management or

routine management plus right median nerve electrical stimulation

(RMNS) according to the trail protocol. All patients received

RMNS treatment 2 week or more and were followed up at the end

of 6 months after injury, to the endpoint of level of consciousness.

In right median nerve electrical stimulation group, 122 of 204

patients regained consciousness and 84 of 182 patients from control

group were awakened. Both the brain stem auditory evoked po-

tentials and blood perfusion in treatment group were improved

significantly. The technique of right median nerve electrical stim-

ulation shows effectiveness on unconsciousness and might be

therapeutic choice which benefits the outcome of traumatic coma

patients.
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REGENERATION AND RELAYS IN THE INJURED SPINAL

CORD

Armin Blesch

Spinal Cord Injury Center, University Hospital Heidelberg, Germany

Over the last 20 years, major advances have been made in under-

standing the mechanisms limiting axonal regeneration in the injured

adult mammalian CNS. Besides inhibitory signals and a lack of

stimulatory influences in the environment of injured axons, a means to

activate the regenerative capacity of injured neurons might be needed

to achieve long-distance growth of injured axons. Regeneration of the

dorsal column sensory axon system has been one focus of our ex-

periments to achieve functional target reinnervation across a spinal

cord lesion site using a combination of cellular graft, neurotrophin

gradients and stimulation of the intrinsic growth competence of in-

jured neurons. As an alternative approach, neural stem cells grafted to

a lesion site might be able to serve as a neuronal relay that receives

supraspinal input and sends projections to distal target neurons. This

approach has recently been shown to partially restore some sensori-

motor and cardiovascular parameters in rats with complete spinal cord

transections. This talk will summarize some of these data highlighting

the complexity of axonal regeneration for meaningful functional

recovery.
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IDENTIFYING THE THERAPEUTIC WINDOW; THE ISSUE

OF TIMESCALES IN CLINICAL VERSUS EXPERIMENTAL

TRAUMATIC BRAIN INJURY

DV Agoston, M Risling, D Nelson

USU, Bethesda, MD, USA and Karolinska Institute and Hospital,

Stockholm, Sweden

Traumatic brain injury (TBI) is one of the most complex human diseases

involving dynamically changing pathologies such as altered metabolism,

inflammation, cell death, etc. Experimental TBI, using mostly rodents

has developed several successful evidence-based treatments that signifi-

cantly improved the outcome of injured animals. These treatments

however have only been poorly, if at all are translated into the clinic. As

therapies can only be efficient when administered during their specific

therapeutic window, our current lack of understanding of how rodent and

human timescales are related can significantly contribute to the failure of

translating effective therapies from the bench to the bedside. The time-

scales of basic biological processes such as enzyme kinetics are com-

parable between species. More complex physiological processes, e.g.,

gestation, sexual maturation and lifespan however run on vastly different

timescales in rodents than in humans. Similarly, as recent evidence has

demonstrated a ‘‘rat day’’ is not equivalent to a human day when it

comes to complex pathologies, such as sepsis and inflammation.

In order to improve translating successful experimental treatments

into successful treatments of TBI patients, we will compare the rodent

and human timescales of major pathologies in experimental vs. clin-

ical TBI. We then review existing ‘‘best practices’’ in clinical and

experimental TBI with emphasis on the timescales of monitoring

changes of various biomarkers so can we generate experimental data

comparable to clinical timescales. Finally, we will address the feasi-

bility and the potential of developing algorithms converting existing

temporal data between rodent and human TBI studies.
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MINIMAL BRAIN INJURY: LONG-TERM NEUROPSYCHIA-

TRIC CONSEQUENCES

Eda Zanetti Guertzenstein

Divisio de Clı́nica Neurocirúrgica / Instituto de Neurologia / Hospital

das Clı́nicas da Faculdade de Medicina da Universidade de Sao

Paulo, Sao Paulo, Brasil

Minimal Brain Injury (MBI) is defined as Glasgow Coma Scale

(GCS) score of 15, normal findings on neurologic examination in

emergency room, and negative findings on head computed tomo-

graphic (CT) scan.

The purpose was to evaluate the neuropsychiatric consequences in 15

adults (11 men and 4 women) aged 23 to 30, after 3 years of MBI as

result of car accident. They had a GCS score of 15 - no loss of

consciousness (LOC) or amnesia - and negative findings on CT upon

evaluation in emergency room. Besides this: no previous psychiatric

and neurologic disorders, head injury, substance abuse history. All

patients were employed, and no one developed posttraumatic stress

disorder after injury.

Patients were diagnosed by Schedules for Clinical Assessment in

Neuropsychiatry and free detailed clinical interview. Signs and

symptoms were compatible with DCR-10, ICD-10 and DSM-5.

Patients presented a combination of organic mood (affective) disorders,

organic anxiety disorder, mild cognitive disorder, intermittent explosive

disorder and oppositional defiant disorder.

This study presents certain limitations: it is retrospective with a lim-

ited number of patients, showing a specific subpopulation of head

injured patients.

It is important to note that the criterion was limiting. The disorders,

according to the free detailed clinical interview, were present long ago

but had not been diagnosed. My study was retrospective, and I specifi-

cally examined patients with delayed injury rather than acute patients.

This research supports a main conclusion: physical trauma need not be

great to cause adverse psychiatric disorders, even in individuals who

have stable backgrounds.
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EFFECT OF CYCLOPHILIN D KNOCK-OUT ON DIFFERENT

SUBDOMAINS OF TRAUMATICALLY INJURED AXONS

Anders Hånell, John E Greer, Melissa J McGinn, John T Povlishock

Department of Anatomy and Neurobiology, Virginia Commonwealth

University School of Medicine, Richmond, VA, USA

Genetic deletion of Cyclophilin D (CypD) reduces formation of the

mitochondrial permeability transition pore. We have previously used

APP immunohistochemistry to demonstrate that this deletion reduces

axonal pathology in the mouse neocortex following central fluid per-

cussion injury (cFPI). We now extend this work to enable pathological
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assessment in specific axonal subdomains by using CypD-/- and

CypD + / + mice expressing neuronal yellow fluorescent protein (YFP).

Mice were exposed to either sham or cFPI with 3 or 24 h survival

times. YFP positive axonal swellings were counted and categorized as

localized within or exterior to the axon initial segment (AIS). Axonal

varicosities, defined as an axon containing multiple adjacent swellings,

were classified as callosal or cortical. The number of axonal swellings

was not significantly reduced in CypD-/- animals compared to CypD+ / +

animals, regardless of location or time-point. Absence of CypD did,

however, significantly decrease the numbers of both callosal (48%) and

cortical (57%) varicosities at 24 h, but not at 3 h post-injury. Further,

survival time point comparisons in CypD+ / + mice revealed a statistically

significant eight-fold reduction of AIS swellings over time while the

callosal varicosities increased seven-fold and cortical varicosities in-

creased two-fold. These results further support the role for CypD as a

potential drug target for axonal injury although its effect may be re-

stricted to specific axonal compartments. The striking difference in

temporal dynamics between axonal swellings located in the AIS com-

pared to the varicosities may suggest a difference in the underlying

molecular mechanisms in these compartments.
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AXONAL INJURY AND MICROGLIAL ACTIVATION FOL-

LOWING MILD DIFFUSE TRAUMATIC BRAIN INJURY IN

THE PIG: A COMPONENT OF THE OPERATION BRAIN

TRAUMA THERAPY CONSORTIUM

Audrey Lafrenaye, John T Povlishock

Department of Anatomy and Neurobiology, Virginia Commonwealth

University Medical Center, Richmond, VA, USA

Traumatic brain injury (TBI) is a major heath care concern. Although our

knowledge of the complex pathologies associated with TBI has progressed

and many therapeutics have shown promising results in rodent models of

TBI, this efficacy has been limited when translated to humans. Recently

there has been a call for higher order animal experimental models to better

evaluate potential therapeutics prior to human translation. With this goal in

mind we have begun characterization of a central fluid percussion injury

(CFPI) model of mild diffuse TBI in the adult micro pig. In this model,

macroscopic examination of the brain at six hours post-TBI was followed

by quantitative assessment of diffuse axonal injury (DAI) achieved by

computer assisted counting of axonal profiles exhibiting accumulation of

amyloid precursor protein (APP). The CFPI employed did not result in

contusion or hematoma formation and only minimal subarachnoid hem-

orrhage was apparent, consistent with mild diffuse TBI. Analysis of mul-

tiple brain sites revealed DAI, which was particularly abundant in the

thalamus and corpus callosum. Increases in morphologically altered

Iba-1 + microglia were also observed in areas associated with DAI, with the

suggestion that these cellular responses are linked. The consistent spatial

and temporal features of DAI in this animal model are reminiscent of those

seen in humans, suggesting that this would constitute an excellent animals

model for future drug screening. Supported by the US Army grant

W81XWH-10-1-0623.
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A TIME-COURSE OF HISTOLOGICAL AND BEHAVIORAL

PATHOLOGY ASSOCIATED WITH INTRACRANIAL PRES-

SURE ELEVATION FOLLOWING MODERATE DIFFUSE

TRAUMATIC BRAIN INJURY

Audrey Lafrenaye, John T Povlishock

Department of Anatomy and Neurobiology, Virginia Commonwealth

University Medical Center, Richmond, VA, USA

The association between secondary elevations of intracranial pressure

(ICP) above 20 mmHg following traumatic brain injury (TBI) and in-

creased mortality/negative outcomes in humans has been well established.

Apart from global ischemia caused by the impact of extremely elevated ICP

on cerebral perfusion pressure (CPP), however, little is known about the

pathology associated with modestly elevated ICP following TBI. The

current study explores the histopathology and behavioral morbidity asso-

ciated with elevated ICP over time post-TBI. We utilized a model of

moderate TBI in rats followed by either intraventricular ICP monitoring or

manual ICP elevation to 20 mmHg without reducing CPP below auto-

regulatory limits, precluding ischemia. Neuronal pathology was quantified

via hematoxylin and eosin analysis. The degree of myelin pathology was

semi-quantitatively analyzed via myelin basic protein immunohisto-

chemistry. To evaluate the effect of elevated ICP on behavioral morbidity

we utilized the whisker nuisance task, in which the whiskers were manually

stimulated and responses to this normally innocuous stimulation were an-

alyzed. All histological and behavioral analyses were assessed through 8

weeks following moderate TBI with or without secondary ICP elevations.

These ongoing studies demonstrate that histopathology and behavioral

morbidity are altered over time by modest ICP elevations following TBI,

independent of global ischemia, as compared to animals sustaining TBI

alone. Additionally the histopathology directly correlates to behavioral

morbidity, specifically at 4 weeks post-TBI. Understanding these ICP-

mediated pathologies could lead to better therapeutic management of pa-

tients with TBI and ICP elevation.
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25 YEARS EXPERIENCE OF DC: THE QUESTION HAS BEEN

REDUCED TO ONLY WHEN AND HOW INSTEAD OF DOING

IT OR NOT

András Csokay, László Lipóth, Attila Jósvai

Military Hosp. Department of Neurosurgery, Budapest, Hungary

The debate around DC has lasted for 100 years. The top of the unbelievable

process was the publication of DECRA published in NEJM (2011).

Our aim was to certify the debate about when and how to do it instead of

doing it or not. The question was examined not only from the scientific

point of view, but of bioethics, as well. We examined the results of 43 DC

including 4 very early DC in children.

DC was performed above 25 mmHg ICP for 2–3 hours. The very early

DC was performed above 20 mmHg ICP. Exclusion criterion was the

fatal brain stem damage on CT.

We performed a historical comparative study with a control group treated

conservatively with the same method in 20 patients. The mortality rate

within one month decreased by 60% Severe disability within 1 year

follow-up decreased by 35%. Good recovery increased by 50%. Death

can be caused by hundreds of unknown factors so we must not examine

the cases according to some well known constants like ICP, CT scan etc.

Probably we are going to operate many times in vain, but we can avoid

the mindless death of the patients especially in children caused by a

reversible curative pathological process called brain oedema. We should

continue the debate not about the performance of DC, but how to in-

crease the efficacy of the DC.
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THE CEREBROVASCULAR AND AXONAL RESPONSES TO

REPETITIVE MILD TRAUMATIC BRAIN INJURY IN THE

JUVENILE RAT

Takashi Miyauchi, Enoch P Wei, John T Povlishock

Department of Anatomy and Neurobiology, Virginia Commonwealth

University, Richmond, VA, USA
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We have previously reported the damaging consequences of repetitive

mild traumatic brain injury (mTBI) in adult rats while identifying

various neuroprotective strategies. In this communication we revisit

repetitive brain injury in the juvenile brain to determine if the

threshold for injury and the intervals between repetitive injury needed

for damage are comparable to those in adults and if they respond in a

similar fashion to select therapeutic interventions including mild 35�C

vs. moderate 33�C hypothermia. Juvenile rats were subjected to a

subthreshold mTBI incapable of eliciting either axonal or vascular

change, yet when repeated within a 3 h timeframe could evoke sig-

nificant microvascular dysfunction and/or axonal damage. The po-

tential for vascular function was assessed through the use of cranial

windows, with the analysis of fixed tissue for APP immunoreactivity

to assess the burden of axonal damage. Unlike adult rats, a signifi-

cantly reduced level of subthreshold impact was needed to elicit

significant vascular dysfunction when the TBI was repeated within

3 h. Unlike the adults, this repetitive injury did not evoke significant

APP linked axonal damage. Further, unlike the adult situation, only

the use of moderate hypothermia - but not mild hypothermia -

provided significant cerebrovascular protection. These results illus-

trate that juvenile brains are significantly more vulnerable to lower

threshold injuries and that their therapeutic attenuation requires more

aggressive therapeutic approaches than those proving efficacious in

adults.
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CORTICAL REORGANISATION IN THE CHRONIC PHASE

OF SPINAL CORD INJURY

Liis Sabre, Tiiu Tomberg, Janika K�orv, Joosep Kepler, Kalle Kepler,

Ülla Linnamägi, Toomas Asser

Department of Neurology and Neurosurgery, University of Tartu,

Tartu, Estonia

Plastic changes within cortical areas occur after traumatic spinal cord

injury (TSCI).

The aim of the study was to assess cortical activation in the chronic

phase of TSCI using functional magnetic resonance imaging (fMRI).

Ten right-handed patients with paraplegia and 18 age- and gender

matched healthy controls were studied by fMRI. Individuals per-

formed simple flexion/extension of the right hand fingers and the right

ankle during fMRI. The activation volumes, maximum t values

(Tmax) and centres of gravity (COG) were calculated. The extent of

injury was estimated according to the American Spinal Injury Asso-

ciation (ASIA) classification scale.

The mean time since trauma was 1848 – 1046 days (range 388 – 4459).

During hand movements the volume of activation (VOA) in the

contralateral primary motor cortex was nonsignificantly larger

among the TSCI patients (3650 vs 2777, p = 0.09). The VOA of

the patients with complete TSCI who did not recover was sig-

nificantly larger than the controls (4112 vs 2777, p = 0.02). The

VOA did not enlarge during the ankle movement (2420 vs 1114,

p = 0.08).

The Tmax values and COGs in BA4 were similar in both groups.

There was a significant relationship between the VOA in BA4 and

ASIA motor score (p = 0.03) during hand movements but no correla-

tion was found during ankle movement (0.41). A positive correlation

was also found during hand movement in the VOA of BA4 and time

since injury (r = 0.62, p = 0.05).

The increased cortical activation in the chronic phase of thoraco-

lumbar TSCI may be caused by increased use of upper limbs.
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COMBINED TREATMENT OF SELF-ASSEMBLING PEP-

TIDES AND NEURAL PRECURSOR CELLS AFTER EX-

PERIMENTAL CERVICAL SPINAL CORD INJURY

Klaus Zweckberger,1,2,3* Jian Wang,2 Yiang Liu,2 Michael G

Fehlings2,3

1Dept. of Neurosurgery, University Heidelberg, Germany
2Dept. of Genetics and Development, University of Toronto, Canada
3Dept. of Neurosurgery, University of Toronto, Canada

The pathophysiology of spinal cord injury (SCI) involves inflamma-

tion and tissue scarring interfering with regeneration and recovery. A

combined treatment approach with self-assembling peptides (SAP)

and neural precursor cells (NPC) might improve this inhibitory en-

vironment and neuronal regeneration.

Following cervical laminectomy, rats were subjected to SCI. After

randomization (NPC, SAP, NPC + SAP, vehicle, sham) SAPs and

NPCs were injected into the spinal cord 1 day and 14 days after

trauma. All animals received growth factors subdurally and immu-

nosuppressive therapy. Neurological function was assessed on a

weekly basis. 4 weeks after SCI rats were sacrificed and cryosections

were prepared for immunohistochemical staining.

Animals treated with SAPs showed a larger amount of surviving

NPCs (18.088 – 4.044 vs. 11.493 – 4.111; n = 6; p = 0.019) and greater

levels of differentiation: neurons (8.7% vs. 5.8%; p = 0.015) and oli-

godendrocytes (11.6% vs. 9.1%; p = 0.005). Furthermore, animals

treated with SAPs alone or as a combined approach with NPCs had

smaller intramedullary cysts (p = 0.07) and a larger percentage of

preserved tissue. In the combined treatment group astrogliosis (GFAP

density) and tissue scarring (CSPG density) were significantly re-

duced. Though the total number of motor-neurons was diminished,

there was no significant difference between the groups. Synapto-

connectivity (Synaptophysin-density) was increased both in the NPC

and in the combined treatment group. Behavioral assessments showed

improvements favoring the animals treated combinatorially 4 weeks

after SCI.

Shaping the inhibitory environment using SAPs reduces astrogliosis

and tissue-scarring, supports NPC survival and differentiation, and

reduces intramedullar cyst formation leading to an improved neuro-

logical outcome.
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PITUITARY ADENYLATE CYCLASE-ACTIVATING PEP-

TIDE (PACAP) INDUCES AGE-DEPENDENT CHANGES IN

VASOMOTOR RESPONSES ON ISOLATED RAT ARTERIES

I Ivic,1 Z Vamos,1 P Cseplo,1,2 R Szollosi,1 D Reglodi,3 A Tamas,3

A Koller1,4

1Department of Pathophysiology and Gerontology, Medical School,

University of Pecs and Szentagothai Research Centre, Pecs, Hungary
2Department of Central Anesthesiology and Intensive Care Unit, Petz

Aladar County Training Hospital, Gyor, Hungary
3Department of Anatomy, Medical School, University of Pecs, Pecs,

Hungary
4Department of Physiology, New York Medical College, Valhalla, NY,

USA

PACAP is a potent vasodilator, but less is known about its organ

specific and age related vasomotor effects. We hypothesized that

*This work was funded by a grant of the German research society (DFG
Forschungsstipendium), and the Krembil and CIHR foundations.

A-46



vasomotor effects of PACAP depend on the origin of vessels and

aging substantially modulates them.

Carotid (CA) and basilar arteries (BA) were isolated from young (2

month: 2 m, n = 7) and senescent (28 months: 28 m, n = 7) rats. Their

vasomotor responses were measured with an isometric myograph

(DMT-610 M) in response to cumulative concentrations of PACAP 1-

38 (10 - 9 M - 10 - 6 M).

Isolated CAs and BAs were contracted by KCl (60 mM, CA: 2 m:

6 – 0.51 mN, 28 m: 3,48 – 0.58 mN and BA 2 m: 5,43 – 0,35 mN, 28 m:

4,52 – 0,44 mN, respectively). In 2 m CA, reduction in isometric force

to increasing concentrations of PACAP were: (DF 10 - 9M: - 0.37 –
0,07 mN, DF 10 - 8 M: - 1.08 – 0.09, DF 10 - 7 M: - 1.77 – 0.08, DF

10 - 6M: - 2,3 – 0,12 mN; p < 0,05), whereas in 28 m CA, there were

only slight reduction in isometric force (DF 10 - 9 M: - 0,13 –
0,03 mN, DF 10 - 8 M: - 0.2 – 0.04, DF 10 - 7 M: - 0.36 – 0.06, DF

10 - 6M: - 0,83 – 0,12 mN; p < 0,05). In BA, relaxations to increases

concentration of PACAP was minimal, both in 2 m and 28 m old rats

(2 m: DF 10 - 9M: - 0,26 – 0,08 mN, DF 10 - 8 M: - 0.73 – 0.08, DF

10 - 7 M: - 0.85 – 0.12, DF 10 - 6M: - 0,86 – 0,11 mN; p < 0,05; and

28 m: DF 10 - 9 M: - 0,23 – 0,08 mN, DF 10 - 8 M: - 0.47 – 0.07, DF

10 - 7 M: - 0.58 – 0.05, DF 10 - 6M: - 0,68 – 0,05 mN; p < 0,05),

whereas responses of BA 2 m and 28 m did not differ from each other.

Thus PACAP elicits dose-dependent relaxations in isolated CA and

BA of rats, which were significantly greater in CA than in BA.

Aging substantially reduces PACAP-induced relaxations in CA, but

not in BA, which favor the idea that PACAP provides specific

vasoprotection for cerebral vessels in older age.
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ROLE OF INTRACELLULAR CALCIUM-ION IN THE DE-

VELOPMENT OF HEMOLYSED-BLOOD INDUCED CERE-

BROVASCULAR CONSTRICTION

P Cséplö,1,2 Z Vámos,1 P Kalinics,1 O Török,1 V Csató,3 IZ Bátai,1

A Tóth,3 Á Koller1,4

1Department of Pathophysiology and Gerontology, Medical School,

University of Pecs and Szentagothai Research Centre, Pecs, Hungary
2Department of Central Anesthesiology and Intensive Care Unit, Petz

Aladar County Training Hospital, Gyor, Hungary
3Institute of Cardiology, Division of Clinical Physiology, Medical and

Health Science Centre, University of Debrecen, Hungary
4Department of Physiology, New York Medical College, Valhalla, NY, USA

Acute subarachnoid hemorrhage is followed by an early and delayed

type of vasospasm, which severely reduces regional cerebral blood

flow. However, the vasoconstrictor effects of whole hemolysed blood

(HB) have not yet been characterized. We hypothesized that hemo-

lysed blood reduces the diameter of cerebral vessels.

Basilar arteries (BA) were isolated from male Wistar-rats, cannulated

at both ends and mounted into pressure-flow myograph chamber in the

presence of zero flow and 80 mmHg of intraluminal pressure. Vessels

diameter were measured by video-microscopy. The effect of extra-

vasated blood was modeled by adding HB directly to the chamber.

Changes of intracellular Ca2 + -ion concentrations were measured with

ratiometric calcium-measurement at the wavelength of 340 and

380 nms using fura2-AM fluorescence dyes.

The AD of the BA was 278 – 12lm, whereas the passive diameter was

392 – 8lm. Perivascular HB (200 ll in 10 mL bath solution) reduced the

diameter to 164 – 11lm. Presence of HB did not change the dilation to

nifedipine (32 – 3 vs. 28 – 3 BD%). HB increased the ratio of 340/380 nm

from 1,118 – 0,043 to 1,397 – 0,016. After washout the ratio returned to

control level.

Thus hemolysed blood causes significant constrictions in isolated

basilar arteries, which can be explained by the elevation of intracel-

lular Ca2 + -ion concentration in smooth muscle. These findings can

contribute to the refinement of the treatment and better prognosis of

patients with subarachnoid hemorrhage.

(Supported by: Hungarian National Science Research Fund (OTKA)

K 108444, Developing Competitiveness of Universities in the South

Transdanubian Region, ‘‘Identification of new biomarkers.’’ SROP-

4.2.2.A-11/1/KONV-2012–0017 and ‘‘Complex examination of neu-

ropeptide.’’ SROP-4.2.2.A-11/1/KONV-2012-0024 and SROP-4.2.4.A/

2-11-1-2012-0001’’National Excellence Program’’)
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THE CA2 + -BINDING PROTEIN S100B ELICITS A CON-

CENTRATION-DEPENDENT RELAXATION ON ISOLATED

CEREBRAL ARTERIES

Z Vámos,1,3 P Cséplö,1,2 I Ivic,1 M Belák,1 T Molnár,3 Á Koller1,4

1Department of Pathophysiology and Gerontology, Medical School,

University of Pecs and Szentagothai Research Centre, Pecs, Hungary
2Dept. of Central Anesthesiology and Intensive Care Unit, Petz

Aladar County Training Hospital, Gyor, Hungary
3Department of Anesthesiology and Intensive Therapy, Medical

School, University of Pecs, Pecs, Hungary
4Department of Physiology, New York Medical College, Valhalla, NY,

USA

The Ca2 + -binding protein-S100B (S100B) is expressed in the ner-

vous system and in the extracellular space increased levels of S100B

have been detected in several neurological disorders (e.g., brain injury

and trauma). We hypothesized that S100B elicits dilation/relaxation of

isolated rat basilar arteries.

Basilar arteries (BA) from 2 months-old rats were isolated and placed

into an isotonic (diameter) or isometric (mN) myograph chamber, and

responses to S100B (10 - 11 to 10 - 6M) were measured (isometric force

and diameter). The maximal passive diameter and maximal relaxation

of vessels were determined in the presence of nifedipine plus Ca2 + -

free KREBS solution.

Basal diameter of BA was 275 lm S100B significantly increased the

diameter of BA in a dose-dependent manner (from 280 – 7 to

317 – 8 lm at 10-6M. n = 5, p < 0.05). Also, S100B elicited relaxation

of BA (from 0 – 0.02 to - 0.7 – 0.03 mN, n = 5, p < 0.05). Repeated

administration of S100B elicited similar magnitude of changes. The

ACh-induced vasomotor response did not change after S100B ad-

ministration (diameter: 92 – 15 lm vs. 108 – 9 lm, n = 5).

Thus the Ca2 + -binding protein S100B elicits dilation/relaxation of

isolated basilar arteries without affecting endothelial function, sug-

gesting that its mechanism of action relates to the smooth muscle

[Ca2 + ]i level and we propose that S100B may provide neuroprotec-

tion in neurological disorders by increasing cerebral blood flow to the

injured areas.

(Support: Hungarian National Science Research Fund (OTKA) K

108444, Developing Competitiveness of Universities in the South

Transdanubian Region, ‘‘Identification of new biomarkers.’’ SROP-

4.2.2.A-11/1/KONV-2012–0017 and ‘‘Complex examination of neu-

ropeptide.’’ SROP-4.2.2.A-11/1/KONV-2012-0024 and SROP-4.2.4.A/

2-11-1-2012-0001 ‘‘National Excellence Program’’)

155

‘‘IMMUNE MARKERS OF INFLAMMATION IN TBI’’

Maria Cristina Morganti-Kossmann

Department of Epidemiology and Preventive Medicine, ANZICS,

Monash University, Melbourne, Australia
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Traumatic brain injury (TBI) is a complex disease to diagnose, treat

and prognosticate. Much effort aims to identify biomarkers of brain

injury to refine the diagnosis and prognosis of TBI. Biomarkers are

defined as CNS proteins, released into blood and CSF following in-

jury, which correlate with injury severity, neuroimaging findings and

outcome. Although not brain-specific, inflammatory mediators have

been investigated as potential biomarkers of TBI mostly due to their

ability to exacerbate neurological damage or sustain repair. Cytokines

are released within minutes following TBI to initiate, progress and

terminate the inflammatory response. Several groups correlated cy-

tokines measured in serum, plasma, CSF and microdialysates with

GCS, ICP, TBI classification, GOS(E), mortality and BBB dysfunc-

tion. Although much endeavor exists to validate cytokines as bio-

markers of TBI, the findings are sparse and often contradictory. Many

groups have found no significant associations with clinical parame-

ters, while others have shown that IL-6 and IL-8 and IL-10 correlate

with mortality in both adults and pediatric TBI; Thresholds of IL-6 in

plasma differentiate severe TBI whereas early IL-6 predicts ICP el-

evation. TNF was reported to correlate with higher ICP and lower

CPP. IL-1 measured within 6 hours correlates with GCS and has been

linked to poor outcome and increased ICP. The novel approach using

IL-1/IL-1ra ratios in microdialysates revealed to predict favourable

outcome; however the broad practicality of this method remains

questionable. In this presentation, clinical studies on cytokine-related

work will be discussed and related to experimental findings to high-

light similarities and differences in cytokine research.
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REHABILOMICS RESEARCH: EXAMINING APPROACHES

TO PERSONALIZED MEDICINE IN TBI

Amy Wagner

Department of Physical Medicine and Rehabilitation, University of

Pittsburgh, Pittsburgh, PA, USA

The molecular mechanisms underlying TBI pathophysiology and re-

covery are both complex and varied. Further, the pathology and

medical complications underlying many of the clinical sequelae ob-

served in this population evolve over the acute injury period and

encompass the subacute and chronic rehabilitation phases of recovery.

This framework supports the contemporary concept that TBI is a

chronic, yet temporally dynamic, state rather than a static insult from

which limited recovery occurs. Despite ongoing neurodegeneration,

and other chronic state pathology, the TBI recovery period is also

characterized by a propensity for neuroplasticity and rewiring through

multiple mechanisms. This Rehabilomics presentation summarizes

key elements of how multidimensional and functional outcomes can

be paired with genetic, proteomic, and hormonal biomarkers to inform

chronic TBI pathology, to enhance early prognostication and screen-

ing measures, and to elucidate biosusceptibility markers for TBI rel-

evant complications. In reviewing these concepts, implications for

future research and theranostic principles for individualized patient

care and comparative effectiveness studies are discussed.
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DECOMPRESSIVE CRANIECTOMY FOR REFRACTORY

INTRACRANIAL HYPERTENSION OF SEVERE TRAU-

MATIC BRAIN INJURY IN CHINA

Ji-yao Jiang, Guo-yi Gao

Department of Neurosurgery, Shanghai Renji Hospital, Shanghai

Jiaotong University School of Medicine, Shanghai, China

Severe traumatic brain injured patients (GCS £ 8) were randomly di-

vided into two groups: patients with standard trauma craniectomy

group (n = 241) got unilateral frontotemporoparietal bone flap

(12 · 15 cm), and patients with limited craniectomy group (n = 245)

received routine temporoparietal scalp flap (6 · 8 cm). Refractory in-

tracranial hypertension caused by unilateral massive lesions was

confirmed on CT scan in all 486 cases. At 6 month follow-up ac-

cording to Glasgow Outcome Scale (GOS), 96 cases in standard

trauma craniectomy group had favorable outcome (39.8%), including

62 cases with good recovery and 34 cases with moderate deficit, other

145 cases got unfavorable outcome (60.2%), including 73 cases with

severe deficits, 9 cases with persistent vegetative status and 63 cases

with death. However, only 70 cases in limited craniectomy group got

favorable outcome (28.6%), including 41 cases with good recovery

and 29 cases with moderate deficit, other 175 cases had unfavorable

outcome (71.4%), including 82 cases with severe deficits, 7 cases with

persistent vegetative status and 86 cases with death (P < 0.05). Fur-

thermore, the incidence of delayed intracranial hematomas, incisural

hernia and CSF fistulae in standard trauma craniectomy group was

lower than that in limited craniectomy group (P < 0.05). But the in-

cidence of acute encephalomyelocele, traumatic seizure and intra-

cranial infection was not significantly different between two groups

(P > 0.05). Our data confirm that Standard trauma craniectomy sig-

nificantly improves the outcome of severe traumatic brain injured

patients with refractory intracranial hypertension, which indicates that

standard trauma craniectomy, but not limited craniectomy should be

recommended for those patients.
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HEAD-INJURED PATIENTS WHO TALK AND DETERIO-

RATE: ANALYSIS OF 192 CASES REGISTERED IN THE

JAPAN NEUROTRAUMA DATA BANK

Takeshi Maeda,1,2 Takahiro Kumagawa,1 Masahiro Tado,1 Yoshino

Atsuo,1 Yoichi Katayama1,2

1Department of Neurological Surgery, Nihon University School of

Medicine, Tokyo, Japan
2The Japan Neurotrauma Data Bank Committee (The Japan Society of

Neurotraumatology)

The clinical course of talk and deteriorate (T&D) reflects serious

progression of secondary brain injury. The treatment of traumatic

brain injuries (TBI) is nothing but to prevent the secondary injury. It is

important to understand the pathophysiology of T&D in establishing

the treatment of the severe TBI. In order to clarify the clinical profile

of TBI patients who T&D into coma, we reviewed 1091 patients with

TBI who were registered in Japan Neurotrauma Data Bank from 2009

to 2011. One hundred ninety two (18%) patients presented T&D, and

160 deteriorated in to coma (GCS £ 8). In the majority of cases, CT

scans revealed development of focal lesion(s) with mass effect and

resultant midline shift. One hundred six patients (55%) had a subdural

hematoma, 45 (23%) had an epidural hematoma, 26 (14%) had ce-

rebral contusion / intracerebral hematoma and 15 (8%) had DBI. The

GOS was GR in 26 (14%), MD in 27 (14%), SD in 50 (26%), VS in 27

(14%), and D in 62 (32%). The latent periods to deterioration were

£ 3 hours in 110 (57%), 3–6 hours in 33 (17%), and > 6 hours in 49

(26%), demonstrating a shorter latency than those reported in previous

studies. One hundred forty nine patients (78%) underwent surgery,

i.e., evacuation of hematoma, and/or contusion necrotomy. The pre-

dictors for a poor outcome were a low GCS following deterioration,

subdural hematoma, and being an elderly patient. In contrast, GCS

during lucid intervals, and the length of time until deterioration or
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until operative intervention did not influence the final result. A ma-

jority of cases showed deterioration within 6 hours post trauma,

caused by a progressive mass effect. Deterioration into a low GCS

resulted in a poor outcome, so early operative intervention is strongly

recommended prior to the inevitable deterioration.
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NEUROTRAUMA–THE ROLE OF THE RESIDENTS? THE

CHANGING FACE OF TBI CARE

Engel DC

Department of Neurosurgery, Cantonal Hospital of St. Gall, St. Gall,

Switzerland

Neurosurgical residents are the workhorses who are responsible for

the primary care of neurotrauma patients. Neurotrauma is an impor-

tant field within neurosurgery, but is often not perceived as chal-

lenging as vascular surgery. As a consequence residents lose interest

in neurotrauma as they mature during training. Finding an appropriate

balance between resident training and provision of the highest quality

of care for these patients is challenging, especially outside of normal

working hours. Limitations imposed by the EU Working Time Di-

rective substantially impact on the quantity of exposure necessary for

training, and variability between teachers can be confusing to resi-

dents. The extent of care the resident is allowed to perform with or

without supervision is a factor for both training and quality of care. It

might even, because of that, not get enough attention during training.

In contrast, provision of the best quality of care requires knowledge of

evidence-based medicine (and guidelines) and an experienced and

interested doctor. In the care for neurotrauma roles are changing with

an increased input of A&E and ICU doctors. Because of this, the risk

exists that neurosurgeons take less interest in neurotrauma. Yet,

neurosurgeons are the specialists with most knowledge of cerebral

pathophysiology of neurotrauma and are best positioned to weigh the

pros and cons of conservative versus surgical therapy. All that shifts

the interest of neurosurgical residents away from neurotrauma and the

question is: is this a good shift?
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THE NEUROREGENERATIVE POTENTIAL OF S100B IN-

DUCES SYNAPTOGENESIS FOLLOWING EXPERIMENTAL

BRAIN INJURY

Justus Baecker, Tina Sehm, Michael Buchfelder, Andrea Kleindienst

University Erlangen-Nürnberg, Faculty of Medical Sciences,

Depratment of Neurosurgery, Erlangen, Germany

We demonstrated earlier that the neurotrophic factor S100B increases

hippocampal neurogenesis and promotes cognitive performance in a

hippocampus-dependent learning task after traumatic brain injury

(TBI). The objective of the present study was to elucidate cellular

mechanisms mediating this positive effect on morphological and

functional neuroregeneration. Rats were randomly subjected to lateral

fluid percussion or sham injury and subsequent treatment (n = 24).

S100B (50 ng/hr) or vehicle was infused into the lateral ventricle for 7

days via an osmotic micropump. The expression of synaptophysin and

ED1 (microglia) was quantified in the granular cell layer (GCL), CA3

region and hilus of the hippocampus and in the subcortical area in

5 lm brain sections, 100 lm apart (bregma - 3.3 to - 5.6 mm) on day

5 or 5 weeks post-injury.

While S100B induced a long-term synaptophysin expression in the GCL

(p < 0.05 on day 34) in non-injured rats, this effect was present only early

after TBI (p < 0.05 on day 5). Microglial activation was widespread

following TBI and S100B treatment (all areas: p < 0.05 on day 34).

The neurogenic activity of S100B induces a significant synaptogenesis

in the germinative area of the hippocampus, the GCL, in non-injured

rats. Following injury, the S100B-induced synaptogenesis is localized

to the GCL only initially, while the subsequent migration of the newly

generated neurons to injured brain regions dilutes the quantitative

verification. The neuroregenerative process is monitored by activated

microglia in this diffuse TBI model. The results also support our

earlier findings indicating that better cognitive abilities are directly

related to neuroregenerative effects of S100B.
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DEVELOPMENT AND VALIDATION OF TWO ZEBRAFISH

MODELS OF TBI

Victoria McCutcheon,1 Eugene Park,2 Elaine Liu,2 Pooya Sobhe

Bidari,3 Jahan Tavakkoli,3 Andrew J Baker1,2,4

1Institute of Medical Sciences, University of Toronto, Toronto, ON,

Canada
2Keenan Research Centre in the Li Ka Shing Knowledge Institute at

St. Michael’s Hospital, Toronto, ON, Canada
3Department of Physics, Ryerson University, Toronto, ON, Canada
4Departments of Anesthesia & Surgery, University of Toronto,

Toronto, ON, Canada

Traumatic brain injury (TBI) is a leading cause of death and morbidity in

industrialized countries with considerable associated direct and indirect

health care costs. Zebrafish (ZF) are an emerging model organism for

studies of disease and development owing to their unique advantages in

genome manipulation, whole animal in vivo imaging, rapid rate of pro-

creation and amenability to large scale preclinical drug validation. We

developed a ZF model of chemically-induced brain injury in 4 dpf larvae

using a 10 mM dose of glutamate. The NMDA receptor antagonist, MK-

801, applied at of 62.5 nM, 125 nM, and 250 nM concentrations resulted in

a dose-dependent delayed larval survival. We are currently evaluating other

known neuroprotective compounds as validation of the larvae ZF model.

Candidate compounds will be further evaluated in an adult ZF model. We

use a targeted 1-MHz pulsed high intensity focused ultrasound (pHIFU)

system applied to adult ZF to produce a non-penetrating head injury to the

brain. Preliminary results indicate that pHIFU pressure amplitude at

10 MPa results in a 70.5 – 1% and 102 – 1% change in NF160 expression at

5,000 and 10,000 cycles respectively. Beta-III tubulin shows a 14 – 1% and

16 – 1% increase at the same parameters. We also found a 30 – 1% increase

in cleaved caspase-3 in injured brains compared to controls. Post-injury

recovery times show a linear increase with increasing injury severity. Our

preliminary results indicate that the ZF response to brain trauma exhibits

similar mechanisms of secondary injury to mammalian pathophysiology

after TBI. Further refinement of the model is in progress with the aim to use

the model to identify pharmacotherapeutic compounds via high throughput

compound library drug screening.
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REMOTE-ISCHEMIC PRECONDITIONING AS A PROPHY-

LACTIC TREATMENT FOR MILD TRAUMATIC BRAIN

INJURY

Eugene Park,1 Misbah Nadeem Lalani,2 Katya J Park,1 Andrew J

Baker1,2,3

1Keenan Research Centre in the Li Ka Shing Knowledge Institute at

St. Michael’s Hospital
2Departments of Anesthesia & Surgery, University of Toronto
3Department of Critical Care St. Michael’s Hospital
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Mild traumatic brain injury (mTBI) accounts for the largest pro-

portion of brain injury cases. Sports injuries and military trauma

in particular have high incidences of repetitive mTBI occurrences.

Treatments to reduce the secondary cellular injury mechanisms

associated with mTBI remain elusive. We previously developed a

model of mTBI using a shock wave generating device which

demonstrated hallmark features of white matter pathophysiology

and persistent neurobehavioural deficits relevant to mTBI. Remote

ischemic preconditioning (rIPC) has been shown to provide ben-

efit to tissues in instances of cardiovascular stress such as is-

chemic stroke and cardiac surgery. In the current study we

evaluated the use of rIPC as a potential prophylactic treatment for

mTBI. Anesthetized adult male Sprague-Dawley rats were subject

to 4 cycles of hind-limb ischemia applied for 5 minutes followed

by 5 minutes of reperfusion. A control group consisted of rats

subjected only to anesthesia. 48 hours after treatment, rats were

subjected to a *38–40 kPa primary blast exposure. Preliminary

results indicate a reduction in aII-spectrin breakdown in the

corpus callosum of rIPC treated rats, independent of protective

effects exerted by isoflurane preconditioning. rIPC also modulated

the heavy neurofilament response to primary blast trauma. Im-

munoblotting for HIF-1a indicated a lack of expression in all

injury groups suggesting that ischemia did not play a role in the

blast mTBI model. The current results suggest that rIPC may

reduce pathophysiological response after mTBI, independent of

ischemic signalling pathways.
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A STUDY OF CONCUSSION INHIBITORY EFFECT OF RE-

COMMENDATIONS ON SPORTS HEAD INJURIES

Haruo Nakayama, Tatsurou Kawamata, Masahiro Ogino, Masato

Noji, Tadashi Nariai, Osamu Fukuda, Tsuyoshi Maeda, Satoshi Tani,

Satoshi Iwabuchi, Shinji Nagahiro

Toho University Ohashi Medical Center, The Japan Society of

Neurotraumatology Sports Head Injury Committee

Recommendations on sports head injuries is composed of evaluation

for concussion, Medical imaging, and GRTP (Graduated return to

play protocol). This recommendation aimed to common recognition

for corresponding to sport-concussion in Japanese neurosurgery.

This study was made to elucidate the concussion inhibitory effect of

recommendations on sports head injuries. X University American

football team was subjected to this examination. This team’s team

doctor is entrained three seasons from 2010 to 2012. Total number

of players registered in this period is 221 people. Similarly, the total

number of games registered in this period is 25 games. We reviewed

the incidence of concussion from 2010 to 2013 in this team. During

these 4 years, there were 8 cases / 7 players of concussions. Overall

concussions occurred most frequently among senior players, most

frequently during Kicking game, and most frequently be blocked.

Comparing the earlier 2 years (2010*2011; Pre recommendations

period) with the later 2 years (2012*2013; Post recommendations

period), there was a slight decrease in the incidence of concussions

in the later period. In particular, no recurrence case has occurred in

the later period. Our results suggest that reduction the risk of re-

currence by the GRTP. Finally, Inhibition of chronic traumatic brain

injury is expected. So, put the recommendations to practical use for

examination & management of sports concussion. Further research

to evaluate the timing to RTP, and the long-term outcome of rest,

is needed.

164

TRAUMATIC BRAIN INJURY MORTALITY IN THE SLO-

VAK REPUBLIC IN 2009–2012

Veronika Gonsorova,1 Alexandra Brazinova,1,2 Lubomir Holkovic,1

Marek Psota,1 Walter Mauritz,2,3 Marek Majdan1,2

1Department of Public Health, Faculty of Health Care and Social

Work, Trnava University, Slovakia
2International Neurotrauma Research Organisation, Vienna, Austria
3Trauma Center ‘‘Lorenz Boehler’’, Vienna, Austria

Traumatic brain injuries (TBI) are the most common cause of death

among all injuries. Knowledge on causes and mortality trends is es-

sential for effective prevention. The aim of this study was to describe

mortality data due to TBI in the Slovak Republic in 2009–2012.

Death certificate data on TBI-related deaths in 2009–2012 were ob-

tained from the Statistical Office of the Slovak Republic. ICD-10

codes for TBI deaths were used to select TBI-related deaths.

We have analyzed all 2327 deaths caused by TBI in the Slovak Re-

public in the years 2009–2012. This number represents 20% of all

trauma deaths in the Slovak Republic in the given period. Out of TBI

mortality cases, 80% are men and 20% are women. Mean age of men

is 9 years less than of women (54 versus 63 years). Mortality rates in

individual age groups differ widely. For men, the mortality rate in-

creases rapidly, from 2 in age group 0–4 to 80 in 85 + per 100,0000.

The steady incline is interrupted by a peak of 12 per 100,000 in age

group 20–24, it is lower in the next age groups and rises steadily

again. The increase after the age of 65 is rapid, with additional 10 per

100,000 for each 5-year age group. Increase in mortality rates in

consecutive age groups in women is much less rapid than in men,

starting with 1 per 100,000 in 0–4 and reaching as high as 46 per

100,000 in 85 + . Again, the steepest increase is after the age of 65.

The most common mechanisms of injury for all population are falls in

48% followed by traffic accidents in 26%. This distribution differs

when looking at individual genders.

In men, 47% of all TBI deaths is caused by falls, 26% by traffic

accidents and 12% by suicide by firearm. In women, 56% all TBI

deaths is caused by falls, 29% by traffic accidents and 8% by assault.

When looking at mechanisms of brain injury in individual age groups,

at highest risk of death by TBI in traffic accident are age groups 1–34

years. Falls are the most common cause of death by TBI in children 0–

4 and above 40 years of age. Suicide by gun is also a common cause

of TBI death, especially in age groups 25–64. We see gender differ-

ences in the distribution of mechanisms of death. Apart from falls and

traffic accidents, assault is also a common mechanism of TBI death

for women, especially in age groups 30–59.

To conclude, our basic description of TBI mortality rates between 2009

and 2012 in Slovakia shows several facts. The TBI mortality increases in

men and women across the age groups with the steepest increases after

65th year of age. The most common causes of injury are falls and traffic

accidents. In the future we will focus on more detailed analysis of TBI

mortality rates according to regions and other variables.
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TRAUMATIC BRAIN INJURY MORTALITY IN AUSTRIA IN

1980–2012 IN OLDER ADULTS

Lubomir Holkovic,1 Veronika Gonsorova,1 Alexandra Brazinova,1,2

Marek Psota,1 Walter Mauritz,2,3 Marek Majdan1,2
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Traumatic Brain Injury (TBI) is a serious problem in elderly adults,

causing high hospitalization and mortality rate. Old age is recognized

as an independent predictor of worse outcome after TBI.

Methods: Information on all deaths in Austria between January 1,

1980 and December 31, 2012 was obtained from the Statistical Office

of Austria. These data are based on information from death certifi-

cates. To filter the deaths caused by TBI we have used the Inter-

national Classification of Diseases (ICD). The codes of the 9th edition

of the ICD were used to classify deaths between 1980 and 2001 and

the codes of the 10th edition of ICD were used in deaths occurring in

2002 and onwards. The Centers for Disease Control and Prevention

(CDC) definition of TBI was used.

We have reviewed mortality caused by TBI in Austria in people of 65

years of age and older in the time period 1980–2012. Overall, TBI

mortality in the studied group was in slight decline from 1980 till

2000, and then it started to rise. In the given time period, we identified

16,204 fatal TBI cases, out of which 39% were women and 61% men.

Overall mortality in Austrians of 65 years of age and older in the time

period 1980–2012 was 40 per 100,000 inhabitants.

In the given age group, the most common cause of TBI were falls

(47%) followed by traffic injuries (22%) and suicides (17%). The

pattern differs by gender and in individual age groups. In women, falls

cause 57%, traffic 25% and suicides 7% of mortality causes. In men,

falls cause death by TBI in 42%, traffic in 21% and suicides in 23%.

TBI mortality in Austria in citizens of 65 years of age and older has

over past 30 years stable trend, with rising increase in the oldest age

groups.
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INTRAPARENCHYMAL ELECTRODE RECORDINGS OF

CORTICAL SPREADING DEPOLARISATION AND CON-

TINUOUS SEIZURE ACTIVITY - NEUROVASCULAR DIS-

RUPTION AND SEIZURE OXYGEN THRESHOLDS

Toby Jeffcote,1 S Jewell,1 C Pahl,1 C Tolias,1 D Walsh,1 A Strong,1

S Mulcahy,2 M Boutelle2

1Kings College London, London, UK
2Imperial College London, London, UK

Work is in press from our group detailing methods for the detection of

cortical spreading depolarization (SD) with intraparenchymal electrodes.

Here, we describe the recording of SD and epileptic seizures using a

Spencer type depth electrode inserted into the cortex of a patient fol-

lowing traumatic brain injury.

This single patient case report details the dynamic brain tissue oxygen

changes that occur as a result of clustered SD waves (n = 106) and the

electrophysiological progression from repeated SDs to intermittent

and then continuous seizure activity. In addition to documenting the

changes in neurovascular response to repeated episodes of SD, we

found consistent falls in pbO2 following the onset of seizure. We

submit that this represents evidence for the loss of neurovascular

coupling to seizure activity in metabolically compromised tissue.

Consistent temporal relationships were found between the onset of

ictal activity and time to reduction in tissue pbO2 (med. 37 sec IQR 23

– 41) and the termination of seizure activity and the start of tissue pO2

recovery (med. 28 sec IQR 13–34.5). A median fall in pbO2 of 19%

(IQR 14–23%) was found at seizure termination with a median total

pbO2 reduction following seizure of 22% (IQR 18–25%).

A significant negative correlation between seizure intensity and pbO2

(n = 28, p < 0.05) was found, indicating that in these data, an oxygen

threshold exists for the maintenance of ongoing ictal activity. We

hypothesize that the breach of this threshold is one mechanism for

seizure termination.
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A REPORT OF 93 CASES OF TRAUMATIC PROGRESSIVE

EPIDURAL HEMATOMAS

Yu-min Liang, Ying-hui Bao, Guo-yi Gao, Yao-hua Pan, Yu-hua Yin,

Si-yi Xu, Jun-feng Feng, Jiang Ji-yao

Jiaotong University School of Medicine, Department of Neurosurgery,

Renji Hospital, Shanghai, China

To investigate the clinical characteristics and methods for early

diagnosis and treatment of traumatic progressive epidural hema-

toma (TPEDH). The clinical and radiological data and outcome of

93 patients with TPEDH were reviewed retrospectively. Having

reviewed the literature, the results of these cases were analyzed.

Among the 93 cases, 72 were male and 21 female, with an average

age of 33 – 12 years. The average interval time from injury to the

confirmed diagnosis of TPEDH was 8 – 13 hours. TPEDH was

formed by the enlargement of small hemorrhage on initial CT

scanning in 41 cases, and in the other 52 cases, the TPEDH oc-
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curred in the location of no hemorrhage on initial CT scanning.

Among them, TPEDH in 28 cases was found after initial decom-

pressive craniectomy. The most common locations of TPEDH were

tempo-parietal region and fronto-temporal region, followed by the

frontal, parietal, parieto-occipital and occipital regions. The

TPEDH was unilateral in 83 cases and bilateral in 10. Deterioration

of consciousness was the most common manifestation and in-

creased ICP after operations was the dominating manifestation in

the cases who received initial decompressive craniectomy. Con-

servative therapy was used in 5 cases and surgery in the other 88.

Primary decompressive craniectomy was made in 33 cases. Skull

fracture was confirmed in 83 cases of TPEDH. The following

Glasgow Outcome Scale (GOS) scores of 5-4-3-2 and 1 were ex-

perienced in 56-20-10-3 and 4 patients respectively on discharge.

Most TPEDH occurred within the first 12 hours after injury and

located at the impact site. Skull fracture at the impact site was the

basic risk factor for the occurrence of TPEDH. Dynamic evaluation

and repeated CT scanning of the head would contribute to the early

diagnosis, and improvement of the outcome for such cases could be

enhanced if the occupying TPEDH was evacuated promptly.
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CRANIOPLASTY, A TRIVIAL PROCEDURE? INTENT AND

DETAILS OF THE GERMAN CRANIAL RECONSTRUCTION

REGISTRY (GCRR) PROPOSAL

Thomas Sauvigny,1 Henrik Giese,2 Jan Regelsberger,1 Oliver W

Sakowitz for the GCRR consortium2

1University Hospital Hamburg-Eppendorf, Department of

Neurological Surgery, Hamburg, Germany
2University Hospital Heidelberg, Department of Neurosurgery,

Heidelberg, Germany

Cranioplasty is conceived as a standard neurosurgical procedure

which is important to restore the integrity of the skull, to protect

the brain, maintain or improve cosmesis and to prevent the sinking

skin flap syndrome. Despite being a standard procedure, it is per-

formed with large technical variety and is associated with a sig-

nificant spectrum of complications, such as wound healing

disorders, intracranial bleedings or biological incompatibility of

the cranioplastic material. While appropriate studies on cranio-

plasties are not available at present, profound data collection is the

overarching principle of the GCRR to finally improve the clinical

course of these patients.

The GCRR is a project initiated by a consortium of individual

members of the Section for Neurotrauma and Intensive Care in

Neurosurgery of the Deutsche Gesellschaft für Neurochirurgie

(DGNC). Every neurosurgical unit in Germany conducting cranio-

plasties is/will be invited to join the registry. With the help of a

specially designed questionnaire, patients receiving a cranioplasty will

be recorded in a multicenter and prospective database. Patient specific

risk factors, surgical details, materials for cranioplasty and intra- and

postoperative complications will be recorded. The investigation pe-

riod will cover acute complications as well as subsequent problems

and long-term outcome. All results of the GCRR including epidemi-

ological data, surgical techniques, material for cranioplasty, compli-

cations, risk factors and long-term outcome will be published and/or

reported at forthcoming trauma meetings.

The structural details of the GCRR and the prospective questionnaire

are presented to launch data acquisition and to encourage other in-

stitutions or similar consortia to participate in the registry.
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TRAVENOUS ADMINISTRATION OF NSAIDS AFTER HER-

NIATED DISC SURGERY
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School of Medicine, Pecs, Hungary
4Hungarian National Ambulance Service
5Department of Anaesthesia and Intensive Care, Division of

Emergency Medicine, Semmelweis University, Budapest, Hungary

The perioperative pain management is an essential component of

shared responsibility between anaesthetists and surgeons. The ratio-

nale of using non-steroidal anti-inflammatory drugs (NSAIDs: meta-

mizol, diclofenac or paracetamol) as analgesic adjuvants is to reduce

opioid use and consequently alleviate opioid-related adverse effects.

However, it is less known whether NSAIDs possess any antiplatelet

effect in a timely fashion after operation of spinal disc herniation.

The aim of this in vivo study was to examine if intravenously ad-

ministered metamizol, diclofenac and paracetamol have an effect on

COX-dependent platelet aggregation after surgical intervention.

In our in vivo study intravenous metamizol, diclofenac and para-

cetamol were selectively administered intravenously during the sur-

gical intervention. The epinephrine-induced platelet aggregation was

determined by Multiplate� optical aggregometry. Blood samples were

taken before and 1, 4 and 6 hours (h) after drug administration.

Diclofenac induced an immediate platelet aggregation inhibiton which

could not be observed after 6 h (0 h: 73 – 6 AUC, 1 h: 21 – 8 AUC, 4 h:

51 – 11 AUC). Metamizol also induced an immediate platelet aggre-

gation inhibition that lasted for longer than six hours (0 h:

96 – 14 AUC, 1 h: 25 – 9 AUC, 4 h: 22 – 5 AUC, 6 h: 31 – 8 AUC).

Paracetamol did not show any antiplatelet effect (0 h: 116 – 12 AUC,

1 h: 97 – 1 AUC).

The findings of the present study show that intravenously adminis-

tered metamizol and diclofenac but not paracetamol exhibited a time-

dependent inhibiton of platelet aggregation. Further elucidation of the

underlying mechanisms of platelet aggregation inhibition could con-

tribute to a better understanding of this process and might affect the

treatment of perioperative hemorrhage.
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CRANIOPLASTY WITH INDIVIDUALLY PREPARED CRA-

NIAL IMPLANTS USING THE CAD/CAM TECHNIQUE

György T Szeifert, György Pulay, Dusan Vitanovics, János Vajda

Dept. of Neurotraumatology, Péterfy Traumatological Center &

National Institute of Neurosciences, Semmelweis University of

Budapest, Hungary

Facts support that decompressive craniectomy alleviates life-threaten-

ing acute high intracranial pressure and it is performed worldwide. Less

attention has been paid to the late negative consequences of the widely

open intracranium. Although the missing protection of the brain and

cosmetic setback would be enough indications for a timely closure of

the skull, the insufficient regional blood flow and consecutive

A-52



neurological symptoms are more compelling to schedule the cranio-

plasty as soon as the intracranial pressure normalized.

Recent investigations demonstrated improved cerebral blood perfu-

sion in the brain area following reconstructive surgery of cranial

defects.

Results of cranial reconstruction after head trauma (63%), or de-

compressive craniectomy for middle cerebral artery occlusion

(37%) were analyzed. A series of 204 consecutive patients were

operated on with cranioplasty. Following CT bone scans the im-

planted cranial prosthesis were formed individually for every pa-

tient from polyethylene material using computer-aided design and

computer-aided manufacturing (CAD/CAM) technique. Cranio-

plasty was performed at 4 months after the head trauma in patients

without primary dural injury and at 6 months in the group with

dural injury. Follow-up period was at least 6 months up to 10 years.

Precise coverage of the defect and acceptable aesthetic results were

achieved in every case. Neurological improvement appeared im-

mediately after cranioplasty in 12%, or at a later stage of rehabil-

itation (54%). Neurological deterioration was not detected.

Transient minor complications, like subgaleal hematoma developed

in 20% of the patients. Skin necrosis necessitated removal of the

implant in two patients.
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QUANTITATIVE ASSESSMENT OF CORTICAL ATROPHY

AND AXONAL DEMYELINATION IN SEVERE TRAUMATIC

BRAIN INJURY USING MULTIMODAL NEUROIMAGING

Andrei Irimia,1 SY Matthew Goh,1 Carinna M Torgerson,1 Paul M

Vespa,2 John D Van Horn1

1Institute for Neuroimaging and Informatics, University of Southern

California, Los Angeles, CA, USA
2Departments of Neurology and Neurosurgery, University of

California, Los Angeles, CA, USA

Cortical atrophy and axonal demyelination are prominent neuro-

anatomic sequelae of traumatic brain injury (TBI), and their ex-

tent can have appreciable repercussions for patient recovery and

rehabilitation. To perform a preliminary assessment and mapping

of gray matter (GM) atrophy and axonal demyelination in the

white matter (WM) for a cohort of 20 human adults across the

first 6 months post-TBI, with a focus on feasibility and proof-of-

concept analysis. The study was implemented in accordance with

the Declaration of Helsinki and with approval from the UCLA

Institutional Review Board. Neuroimaging data were acquired

from TBI patients admitted to the Neurointensive Care Unit of the

UCLA Medical Center. A Siemens Magnetom Trio Tim scanner

was used to acquire T1- and T2-weighted magnetic resonance

imaging (MRI) volumes both acutely and chronically (several

days and *6 months post-injury, respectively). After affine co-

registration of all acquired volumes within each subject, seg-

mentation and cortical thickness calculations were performed

using FreeSurfer software. Manual corrections were implemented

by three experienced users with training in neuroanatomy. The

extent of axonal demyelination was estimated based on the ratio

of voxel intensities between T1 and T2 volumes following Glasser

& Van Essen ( Journal of Neuroscience, 2011, vol. 31, p. 11597).

Cortical atrophy and demyelination measurements obtained from

voxels exhibiting pathology-related alterations in image intensity

were discarded from the analysis. Bilateral cortical atrophy was

identified consistently across subjects over extensive portions of

healthy-appearing cortex (mean thickness change over cortical

locations and subjects: - 0.55 mm; standard error of the mean

over subjects: 0.20 mm). Cortical regions exhibiting mean atrophy

over subjects greater than 1 mm were in the temporal lobe (middle

and inferior temporal gyri, lingual, fusiform and parahippocampal

gyri, temporal pole), frontal lobe (orbital gyri, straight gyrus,

transverse frontopolar gyri), and limbic lobe (anterior cingulate

gyrus and sulcus). WM demyelination was found to be distributed

diffusely throughout the cerebrum, with predominance in frontal

and temporal regions.

Discussion. The atrophy and demyelination patterns identified here

occur in regions which are involved in memory formation and re-

trieval (lateral and medial temporal lobe), speech (ventromedial

temporal lobe), personality and temperament (prefrontal cortex), and

cognitive control (anterior limbic areas), all of which are often im-

pacted by TBI. These preliminary findings may contribute to eluci-

dating the relationship between neuropsychological deficits and

structural brain changes due to TBI, with potential relevance to per-

sonalized treatment and rehabilitation.
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INFLAMMASOMES IN THE CENTRAL NERVOUS SYSTEM

Robert W Keane,1,3 Juan Pablo de Rivero Vaccari2,3

1Department of Physiology and Biophysics
2Neurological Surgery and
3The Miami Project to Cure Paralysis, University of Miami, Miami,

FL, USA

The inflammasome is a multi-protein complex involved in the ac-

tivation of the inflammatory caspase, caspase-1. Caspase-1 is re-

sponsible for the processing of the pro-inflammatory cytokines

interleukin-1b (IL-1b) and IL-18. We have previously shown that

the inflammasome in the central nervous system (CNS) is involved

in the generation of an innate immune inflammatory response

through the activation of caspase-1 and the maturation of IL-1b and

IL-18. The inflammasome also contributes to a cell death mecha-

nism known as pyroptosis. Here we describe the role of the NLRP1,

NLRP2 and AIM2 inflammasomes in the inflammatory response in

neurons and astrocytes and the mechanisms of inflammasome ac-

tivation involving DNA, ATP and potassium in cells of the CNS

after brain and spinal cord injury.
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PREDICTING OUTCOME AFTER TBI: CURRENT STATUS

AND FUTURE PERSPECTIVES

Ewout W Steyerberg, Hester F Lingsma

Department of Public Health, Erasmus MC, Rotterdam, The

Netherlands

Traumatic brain injury (TBI) is a heterogeneous condition that en-

compasses a broad spectrum of disorders. Accurate outcome predic-

tion is relevant both for clinical practice and for research purposes.

We aim to provide an overview of the current state of affairs with

respect to assessment and prediction of outcome after TBI.

Moderate and severe TBI

For TBI patients with Glasgow Coma Score < = 12, the IMPACT and

CRASH models have been developed on large datasets with state-of-

the-art methods. These models have been externally validated in
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multiple recent patient cohorts from different countries including the

US, the UK, Austria, Italy and the Netherlands. These validation

studies show adequate performance for both models. Furthermore, the

simple models perform close to more complex variants, indicating that

the main prognostic information in moderate and severe TBI patients

is captured by age and TBI severity as represented by the Glasgow

Coma Scale and pupillary reactivity.

Mild TBI

For those with Glasgow Coma Score 13–15, a recently published

prognostic model was of limited methodological quality and per-

formed poorly at external validation. Currently available cohorts are

of insufficient size or quality to develop valid prognostic models.

Exploratory analyses in the TRACK-TBI pilot study indicate that

socioeconomic and psychosocial factors are more discriminative be-

tween good and poor outcome than injury severity in mild TBI.

Large international collaborative studies, such as CENTER-TBI and

TRACK-TBI, will collect high quality data on large numbers of pa-

tients across the full injury severity spectrum, including mild TBI.

These data will allow for further improvement of prediction of various

outcomes, up till 24 months after injury, by including better predictors

such as more advanced imaging parameters and biomarkers, and by

using a more dynamic approach to prediction using information from

baseline to the first days and weeks after trauma.

For moderate and severe TBI, basic but solid predictions can well be

made. Improvements may come from new biomarkers and imaging.

These new predictors may also enhance our insights in prognostic

processes and provide further opportunities for personalized medicine.

For mild TBI the prognostic effects of more basic predictors still need

to be determined.
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THE INTERNATIONAL TRAUMATIC BRAIN INJURY

RESEARCH (INTBIR) INITIATIVE

Philippe Cupers, Maria Vidal-Ragout, Ruxandra Draghia-Akli

European Commission, Directorate-General for Research and

Innovation, ‘Health’ Directorate, Brussels, Belgium

The European Commission, the National Institute of Neurological

Disorders and Stroke and the Canadian Institutes of Health Research

set up the International Traumatic Brain Injury Research (InTBIR)

Initiative, a global effort to coordinate clinical research activities

across the full spectrum of Traumatic Brain Injuries (TBI). The long-

term goal is to improve clinical outcomes and lessen the global

burden of TBI by 2020 through the discovery of causal relationships

between treatments and clinically meaningful outcomes. InTBIR

specific objectives are: (i) to establish data sharing and collabora-

tion; (ii) to further establish and promote the use of the TBI Common

Data Elements as standards for TBI clinical data collection; (iii) to

develop and apply analytical tools to enable comparative effective-

ness research (CER) for TBI treatments, diagnostic tools and out-

come measures. EU is supporting with EUR 35 M two InTBIR

projects: (i) CENTER-TBI collects a prospective observational da-

taset of 5,400 patients for CER and better characterization of TBI.

The conceptual approach is to exploit the heterogeneity in biology,

care, and outcome of TBI, to discover novel pathophysiology, refine

disease characterization, and identify effective clinical interventions;

(ii) CREACTIVE builds on the PROSAFE intensive-care unit net-

work to enrol 7,000 to 9,000 moderate to severe TBI patients.

CREACTIVE aims at better describing the epidemiology of mod-

erate-severe TBI, building a prognostic model, and identifying most

effective clinical interventions for treating TBI patients.
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EXERCISE DEPENDENT PLASTICITY IN THE INJURED

SPINAL CORD

John D Houle, Megan Detloff, Marie-Pascale Côté, Catherine

Theisen, Kassi Miller

Department of Neurobiology and Anatomy, Spinal Cord Research

Center, Drexel University College of Medicine, Philadelphia, PA, USA

Anatomical, biochemical and functional reorganization of the spinal

cord occurs after a traumatic insult and subsequent secondary tissue

degeneration. Various spinal cord injury (SCI) models and inter-

ventions have shown the adaptive potential of the spinal cord and its

limitations with limited supraspinal influence. Leading opinions in-

dicate that meaningful recovery of function will most likely result

from a combination therapy approach, comprised of regenerative/

neuroprotective transplants and neurotrophic factors, elimination of

inhibitory molecules and functional sensorimotor training. We rou-

tinely use: peripheral nerve grafts to support and direct axonal re-

generation across an incomplete cervical level injury or a complete

thoracic transection injury, matrix modulation with chondroitinase

(ChABC) to facilitate axonal extension beyond the distal graft-spinal

cord interface and exercise (forced wheel walking, bicycling or step

training on a treadmill) to provide muscle stretch and loading and

rhythmic sensory input to the spinal cord. Functional recovery due to

synaptic connections made by axons growing into and out of the

grafts is tested by evaluating kinematic data, EMG activity, spinal

cord field potentials and c-Fos levels after stimulation of the PNG.

We (and others) have demonstrated an increase in spinal cord levels

of endogenous neurotrophic factors with exercise, which may fa-

cilitate neuroprotection, axonal elongation beyond a nerve graft and

a return of functional activity below the level of injury. We will

present additional evidence for a role of acute exercise in preventing

the onset of neuropathic pain, in reducing spasticity and in pro-

moting axonal regeneration by thoracic and lumbar propriospinal

neurons.
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VENTRAL C1-C2 TRANSARTICULAR FIXATION FOR

COMBINED C1-C2 FRACTURES

Béla Demeter, Zsolt Sallai, Ádám Székely

Dept. of Neurosurgery, B.A.Z. County and University Teaching

Hospital, Miskolc, Hungary

Most of the combined C1-C2 fractures are potentially life-threathening,

meaning that they have to be fixed. Fractures without dislocation and no

signs of ligament rupture can be immobilized with external collars.

Some cases need HALO fixation, but there are some cases, which have

to be fixed by a surgical method. There are a lot of techniques of pos-

terior fixation and some for anterior approach. Since 2008, we have been

using the ventral C1-C2 transarticular fixation.

Retrospective analysis of the 9 operated patients data was done.

Except one case, all of them suffered a combined C1-C2 fracture,

with atlantoaxial instability. In cases with dislocating dens fracture

preoprative and intraoperative Crutchfield traction was used for re-

positioning. During the operation we used canulated screw technique

controlled by biplanar image intensifier. After the surgery CT con-

trol was mandatory to evaluate the screw position. Screw malposi-

tion or vertebral artery injury was not detected. The mobilization

was done at first day after surgery in Miami collar. We did not have

hardware failure.
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The anterior C1-C2 transarticular fixation is a safe option in combined

C1-C2 fractured cases, especially when they are complicated with

dens fracture. For those who are familiar with the dens screw fixation

it is very easy to perform this type of surgery. The use of biplanar

fluoroscopy control is mandatory. We think that the vertebral artery

injury risk is lower then in the posterior fixation. On the other hand,

the rehabilitation is very fast because the posterior cervical muscles

are not affected.
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TREATMENT OF TRAUMATIC SPINAL COMPRESSION

FRACTURES WITH VERTEBROPLASTY AND FACET

THERMAL ABLATION AT THE DEPARTMENT OF NEU-

ROSURGERY OF SZEGED

Tamás Tóth, Kerim Watfa, Péter Elek, Péter Palágyi, Pál Barzó

Department of Neurosurgery and Department of Anesthesiology,

University of Szeged

Thoracic and lumbar spinal compression fractures are rather frequent

injuries and often cause the patient considerable pain. Therefore an-

algesic neurosurgical interventions are often required in these cases.

The aim of our presentation is to summarize and compare the efficacy

of these interventions.

Between 01/01/2006 and 12/31/2013, kyphoplasty, vertebroplasty

and facet thermal ablation for traumatic spinal compression frac-

tures were performed in 157 cases at our department. As the in-

dication of the surgery is drug-resistant pain, the efficacy of

surgery was measured by the changes in the subjective complaints

of the patients.

Patients who previously underwent kypho- or vertebroplasty reported

similar results: 69% of them considered the pain relief significant,

while 26% reported moderate effect. After facet thermal ablation,

these data were 75% and 20%.

In most cases, drug-resistant pain caused by traumatic spinal

compression fracture can be considerably relieved by neurosur-

gical intervention. Vertebroplasty, kyphoplasty and facet thermal

ablation all proved to be very effective, patients reported re-

duced pain in almost all cases. An argument for facet thermal

ablation is that although both interventions can be carried out

under local anesthesia, facet thermal ablation is less invasive,

while vertebroplasty also provides partial or, in some cases,

complete anatomical reconstruction and, last but not least, it also

provides prevention of later compression.
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EFFICACY AND SAFETY OF LUMBAR CEREBROSPINAL

FLUID DRAINAGE AS A SECOND LINE THERAPY FOR IN-

CREASED ICP IN SEVERE TBI PATIENTS

Richárd Soltész, Gábor Nardai

Péterfy Hospital and Trauma Center, Budapest, Hungary

Early treatment of elevated ICP is a cornerstone of therapy in severe

TBI patients. There is an increasing number of evidence that con-

trolled lumbar drainage is an efficient and probably safe method in

lowering of ICP. Our center has been using this intervention for 10

years. Here we present our data about controlled lumbar drainage as a

second line therapy.

Retrospective analysis was performed using demographic, clinical and

outcome data of severe TBI patients admitted in the last 5 years. We

performed 6–7 lumbar drainage interventions in a year. They were

used as a second line therapy in salvageable patients with normal

haemostasis and discernible basal cisterns on the pre-intervention CT

scan. Data of 30 interventions were analyzed. Patients were young,

comatose and with multiple injuries (median age: 28, GMS: 4, ISS:

25). Lumbar drain was inserted mainly on the first week and main-

tained for 5 days. Episodes of ICP > 20 Hgmm within one day (13 vs

1) and the peak ICP measured (31 mmHg vs 23 mmHg) were de-

creased after intervention (p < 0.001). The need for additional second

line therapies (barbiturate, hyperventilation, surgery) decreased (28 vs

10 interventions, p < 0.001). No anisocoria or brain stem herniation

was experienced during insertion and only 5 cases of bacterial men-

ingitis were identified. The 28 day mortality was 10% compared with

our total TBI population, where mortality was 20–33% in this period.

These results reinforce that lumbar drainage is an efficient and rela-

tively safe method as an ICP lowering second line intervention.
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LONG-TERM OUTCOME OF SEVERE TBI PATIENTS AD-

MITTED TO THE LARGEST NEUROTRAUMA CENTER IN

BUDAPEST

Gábor Nardai, Erzsébet Baracskai

Péterfy Hospital and Trauma Center, Budapest, Hungary

Long-term outcome of severe TBI patients differs between countries

and centers. Follow-up of patients is important to each center for the

assessment of their work and to give prognosis for patients’ relatives.

Péterfy Hospital and Trauma Center is the largest neurotrauma center

in Budapest with extended imaging and neurosurgery/neurointensive

care facilities. Here we present our result from the last 5 years.

Demographic, clinical/neurological parameters and CT scans were

collected at admission. Mortality (short – 28 day; long – 6 and 12

months) and functional status (GOS, DRS, FIM scales at 12 month)

were followed by the hospital information system and telephone in-

terviews by trained personnel.

The number of admitted patients per year didn’t change during this 5

year period (70–80 patients/year). The median age was 48 years (76%

male) and 58% of patients suffered from co-existing diseases. The 28-day

mortality varied between 26%–35%, the 12-month mortality was 44–

55%. We lost 15–25% of the patients for long-term follow-up. Only 20–

33% of the survivors reached rehabilitation care. Full recovery was found

(GOS 5) in 11–20% of the cases, rates of minor disablilities were within

6–9%, severe disabilities were found rarely (3–5%). We could not

identify any obvious trends in parameters following this 5-year dataset.

Follow-up of our severe TBI patients is an informative research

concerning our daily practice and development of the health care

system. The ratio of patients recovered with good functional outcome

among survivors is acceptable, the mortality rate is higher than in

Western European centers.
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PRE- AND POSTOPERATIVE CEREBRAL PERFUSION

ASSESSMENTS IN CHRONIC SUBDURAL HEMATOMA

Antonino Germano, L Merlo, A Campenn,1 G Trimarchi,2 Baldari S1

1Department of Radiology - Nuclear Medicine, Neurosurgical Clinic,

University of Messina, Italy
2Department of Economics, Neurosurgical Clinic, University of

Messina, Italy
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Chronic subdural hematoma (cSDH) constitutes one of the most

frequent posttraumatic neurological disorders in the elderly, still

bearing by poor prognosis. The pathophysiology of signs and

symptoms is related to compression of the underlying cortical areas

and putative reduced regional perfusion. 99mTc-HMPAO SPECT

allows to semiquantitatively analyze cerebral blood flow (CBF) re-

distribution. To date, few studies have been addressed to evaluate

preoperative cerebral perfusion and its changes after cSDH evacu-

ation. We examined 21 patients underwent unilateral cSDH evacu-

ation and submitted to preoperative (day 1), early (days 2–3) and late

(days 7–8) postoperative cerebral 99mTc-HMPAO SPECT. Ipsi-

lateral vs contralateral cortex CBF value was assessed by using the

Asymmetry Index ratio. Among the parameters evaluated, sex, age,

hematoma side and volume, preoperative neurological examination,

type of operation and anesthesiology, time of surgery, and outcome

did not show any statistical correlation. Although 13 patients showed

a relative hyperperfusion at the first postoperative SPECT control,

the CBF tended to homogenize at the consecutive neuroradiological

examination. Interestingly, we found a significative chi-square result

(p < 0.04) between the preoperative and the first postoperative time

when stratifying the patients according to the time between the be-

ginning of the symptoms and the operation ( + 60 days). We conclude

that local brain perfusion autoregulation is active in the cortical area

below the cSDH and is influenced by the compression time. The

postoperative late redistribution of the CBF affects the cerebral

cortex globally, confirming that the vessel autoregulation remains

unaltered after surgery even in the presence of a compressive

mechanism.
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A PRELIMINARY STUDY SERUM b-ACTIN AS POTENTIAL

BIOMARKER OF DIFFUSE AXONAL INJURY IN SEVERE

TRAUMATIC BRAIN INJURY

Antonino Germano, L Merlo, F Cimino,1 A Speciale,1 M Cristani,1

D Fratantonio,1 G Raffa, S Priola, RV Abritti, A Saija,1 A David2

1Department Pharmaco-Biologico, Neurosurgical Clinic, University

of Messina, Italy
2Intensive Care Unit, Neurosurgical Clinic, University of Messina, Italy

Actins are essential components of mammalian cytoskeleton, play-

ing critical roles in a wide range of cellular processes. b-Actin is the

only isoform locally translated in the CNS. Recent studies identify

roles for b-actin in promoting CNS tissue architecture, demonstrat-

ing its importance in neuronal growth and migration, axonal

guidance and synaptogenesis. However, the unique contributions of

b-actin in CNS are not fully understood yet. To date, b-actin has

never been related to TBI secondary damage and diffuse axonal

injury (DAI). We studied the timeline levels of serum and CSF b-

actin in severe TBI patients and related the values with the clinical

outcome. Seven men affected by severe TBI (n = 4) and polytrauma

including TBI (n = 3) were submitted to ICP monitoring for a min-

imum period of 3 days. Serial withdrawals of serum and CSF with a

specific timeline (T0 and each 6 hours) were performed. The GCS

and ICP values at these time points were related with the levels of

serum and CSF b-actin. The preliminary results indicate the presence

of higher levels of both serum and CSF b-actin in the poly-

traumatized and TBI patients with dismal outcome. In the good

outcome group, the serum and CSF levels of b-actin are reducing

within 6 hours post-TBI. Although the small number of patients

doesn’t allow to attribute a statistical power, this study shows a

correlation between b-actin CSF and serum concentrations in severe

TBI patients and their outcome. b-actin as biomarker of DAI-related

outcome in severe TBI should be considered.
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CADAVER MODELS TO EVALUATE THE TWO MAIN

TYPES OF DC

Bence Tencséni, Zoltán K}ovári, Miklós Mózes, András Csókay

Department of Neurosurgery, Hungarian Military Hospital Budapest,

Hungary

Despite large leaps in methods and indications for decompressive

craniectomy in treating malignant post-traumatic brain edema,

controversy still remains about different methods and mortality and

morbidity remain high. Therefore a cadaver method for comparing

the bifronto-temporal and bifronto-temporo –parieto-occipital cra-

niectomies might provide useful data for clinical decision making

and treatment. The authors created a fresh cadaver model for map-

ping intra-cranial pressure change at the level of tentorium during bi-

frontal and fronto-temporo-parietal decompressive craniectomies.

Other charactheristics were also observed like the size of surface for

ICP reduction and the location of bridging veins which are under the

danger of occlusion. The cadaver model that was created is in no

way exact compared to in vivo pressure monitoring and only pro-

vides approximate data. Cadavers were used 1 to 2 days after passing

away. 3 different cadavers were used to acquire pressure mapping

data during a simulated 35 mmHg ICP. Pressure sensor catheters

were inserted into the uncus. The ICP models were created by in-

flated ventricles. Firstly, a wide bifrontal craniectomy was made and

classical fish-mouth dura incision was made. Dura sutures were

made. The frontal bone crest above the sinus was reattached with

plates and both sided fronto-temporo-parietal craniectomy was

made. Wide dura incision was made. With the before mentioned

model, the pressure reduction seems to be better at a bifronto-

temporo-parietal fashion. The position of veins are better at bifrontal

fashion if we do not protect the veins by tunnels. Considering the

ICP at uncus level, further observations are needed. It seems to be

better the bifronto-parieto-temporo fashion as well.
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ENDOVASCULAR TREATMENT OF TRAUMATIC AND

SPONTANEOUS CAROTID-CAVERNOUS FISTULAS

István Hudák, Tamás Dóczi, Gábor Lenzsér, Veronika Lunenkova

Department of Neurosurgery, University of Pécs, Pécs, Hungary

Carotid-cavernous fistula (CCF) is the most common arterio-venous

fistula in the head and neck region which has characteristic ophthal-

mic findings and threat of visual loss. An analysis of clinical records

was done on 18 CCF patients who visited the Department of Neuro-

surgery, University of Pécs from 2000 to 2013. Fifteen cases were of

the direct or post-traumatic type, and 3 cases were of the indirect or

spontaneous type (due to the rupture of infraclinoidal aneurysm).

Fifteen patients of the direct type had a definite history of head

trauma. Clinical symptoms on the first visit included exophthalmus in

16 cases, conjunctival injection in 16 cases, visual disturbance in 8

cases, which included amaurosis in 3 cases, noise in cranial cavity in

12 cases, diplopia in 12 cases, epistaxis in 1 and ocular pain in 7 cases.

In 14 cases vascular bruit was heard with auscultation on the eyelid.

CT of the orbit or brain, and DS angiography were used as a diag-

nostic procedure in all patients. In 6 patients detachable balloon oc-

clusion was done at the time of angiography, and the other 12 fistulas
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were successfully embolized by using a polyurethane based liquid

polymer and with the help of detachable coils and stents. In 3 patients

the permanent occlusion of the internal carotid artery was performed

in the other 15 patients the reconstructive disjunction of the fistula was

achieved. The fistulas were successfully closed in all of our patients

and this lead to the regression of symptoms except for the complete

visual loss.
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DYNAMIC VISCOSITY AS A MEASURE OF THE STATE OF

CRANIAL COMPLIANCE IN A SWINE MODEL OF BRAIN

EDEMA

Guy Rosenthal, Fernando Ramirez de Noreiga, Samuel Moscovici,

Eyal Itshayek, Ramez Abu Shkara, Idit Tamir, Geoffrey T Manley

Hadassah-Hebrew University Medical Center

A large animal model is well suited to study intracranial physi-

ology as it allows for intensive cerebral monitoring. We used a

swine model of brain edema induced by water intoxication to

study intracranial pressure dynamics following injections of nor-

mal saline at different levels of brain edema.

Adult female swine weighing between 35 and 45 kg were anesthetized

and continuously monitored with systemic and cerebral physiological

monitors. Four serum sodium intervals were designated: baseline

(135–145 mEq/L), mild hyponatremia (130–134 mEq/L), moderate

hyponatremia (125–129 mEq/L), and severe hyponatremia (116–

124 mEq/L), and attained by infusing hypotonic saline. Two cc of

normal saline were injected over 15 seconds into the intracranial

compartment. Following bolus injections of saline the resultant area

under the intracranial pressure curve was measured over 6 minutes.

The area under this curve is expressed in units of mmHg x seconds

which corresponds to the dynamic viscosity of the intracranial system.

With 2 cc injection of normal saline measured system dynamic vis-

cosity increased from a baseline of 6688 – 2324 at baseline to

10890 – 2637 at mild hyponatremia to 15,425 – 4092 at moderate

hyponatremia, and 22,461 – 3603 at severe hyponatremia, indicating a

non-linear rise in system dynamic viscosity with increasing brain

edema.

Dynamic viscosity of the intracranial system expresses the amount of

pressure exerted over time to maintain intracranial CSF flow and

increases in a non-linear manner with increasing brain edema. In-

creasing brain edema leads to a sharp rise in system dynamic viscosity

that likely reflects the non-linear rise in resistance to CSF flow and

may thus serve as a useful correlate of the state of the intracranial

compliance.
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ESTIMATION OF THE PROGNOSTIC VALUE OF BRAIN

STEM SEGMENTATION BY PROBABILISTIC TRACTO-

GRAPHY IN SEVERE TRAUMATIC BRAIN INJURY AND ITS

VERIFICATION BY ANATOMICAL DISSECTION

Dávid Kis,1 Adrienn Máté,1 Zoltán Mencser,1 Andrea Czigner,2

Pál Barzó1

1Department of Neurosurgery, University of Szeged, Szeged, Hungary
2Institute of Anatomy, University of Szeged, Szeged, Hungary

Diffusion tensor imaging (DTI) and probabilistic tractography are

powerful tools to quantitatively examine white matter integrity and

create probabilistic connectivity (PC) maps. Previous studies showed

that subcortical areas can be segmented by their cortical connections.

Techniques, which reliably identify irreversibly injured brain areas

would allow us to predict the long-term outcome of severe TBI pa-

tients. Our aim was: 1, to examine if the major brain stem pathways

could be segmented by probabilistic tractography in healthy subjects;

2, to identify structural abnormalities as biomarkers in severe TBI

patients.

Magnetic resonance imaging (MRI) scans were performed using the

following sequences: T1, FLAIR, SWI, T2 and DTI. From the DTI

images fractional anisotropy (FA) and PC (connection to the medial

and sensory thalamus and the internal capsule) maps of the brain stem

were reconstructed.

In healthy controls (n = 20) there was a high correlation between the

FA and PC maps of the brain stem and the anatomical structure.

Sixteen severe TBI patients were tested. There was no significant

correlation between the outcome and the T1, T2, FLAIR and SWI

abnormalities. In patients who remained unconscious (n = 6) we ob-

served disorganization of the FA and PC maps in the upper pons. The

dissection verified the results of the brain stem segmentation (n = 2).

In those who regained consciousness (n = 10) the brain stem was

intact.

According to our results, the FA and PC maps highly correlate with

the clinical state. DTI and probabilistic tractography may be clinically
WIT
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useful methods to predict long-term outcome of severe TBI patients.

This research forms part of the Development of the Analytic

Healthcare Quality User Information (AHQUI) framework.
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MODELING SPINAL CORD INJURY IN THE PRIMATE

Jacqueline C Bresnahan,1 EA Salegio,1 E Rosenzweig,2 J Nielson,1

C Sparrey,3 S Strand,4 YS Nout,5 G Courtine,6 VR Edgerton,7

AR Ferguson,1 M Tuszynski,2 MS Beattie1

1Brain and Spinal Injury Center, Department of Neurological

Surgery, University of California at San Francisco, San Francisco,
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2Department of Neurosciences, University of California at San Diego,
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3Mechatronic Systems Engineering, Simon Frasier University, Surrey,

British Columbia, Canada
4University of California at Davis, Davis, CA, USA
5California Polytechnic University, Pomona, CA, USA
6Center for Neuroprosthetics and Brain Mind Institute, Swiss Federal
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Recent studies show that plasticity of the corticospinal tract (CST) in the

primate after hemisection is substantial and significantly greater than that

observed in the rodent (Rosenzweig et al, 2010). This plasticity positively

correlated with recovery of a variety of forelimb functions, suggesting that

the primate may have a higher degree of plasticity than rodents. Contusion/

compression injuries are the most common in humans. This paper will

describe the early results on the development of a unilateral contusion

injury model in the primate, and compare both recovery of function and

CST plasticity in this model to the hemisection model. (Supported by the

VA, The CH Neilsen Foundation, and NIH NS042291)
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CORRELATION BETWEEN INTRACRANIAL PRESSURE

AND MEASUREMENT OF OPTIC NERVE SHEATH IN A

SWINE MODEL OF INTRACRANIAL HYPERTENSION

Robson Luis Amorim Brasil Ping Jemg, Almir Ferreira de Andrade,

Wellingson Silva Paiva, Alessandro R Belon, Marcelo Lima de

Oliveira, Maira Azevedo, Edson Bor-Seng-Shu, Eberval Gadelha

Figueiredo, Jose Pinhata Otoch, Manoel Jacobsen Teixeira

Division of Neurosurgery and Laboratory of Surgical Technique,

University of Sao Paulo Medical School, Sao Paulo, Brazil

Some studies have shown that the measurement of the optic nerve

sheath (ONS) is correlated to invasive ICP monitoring. However, no

studies have shown to date, if ONS can be useful to monitor os-

cillations of ICP. Therefore, we aimed to evaluate the correlation of

parenchymal ICP monitoring and the measurement of ONS in a swine

model of intracranial hypertension. Nine piglets were evaluated. After

insertion of a 8Fr urinary catheter in the right parietal lobe and a

parenchymal intracranial pressure monitoring in the right frontal lobe,

a continuous infusion of 0,9% saline through the urinary catheter was

performed to inflate the balloon at the distal tip. In Group A, we

infused 4 ml saline in 15 min; in Group B, an additional 3 ml was

infused over 15 min, 30 min after the first infusion; and in Group C,

7 ml was infused over 15 min. The final stage was the deflation of the

balloon. Along the procedure, 8 measurements of the ONS were

made. In group A, mean ICP was 6.2 (range: - 4.6 – 32 mmHg). In

group B, mean ICP was 19.8 (range: - 2.9 – 50.9 mmHg). In group C,

mean ICP was 42.8 (range: 2.2 – 86.4 mmHg). The mean right ONS

was 3.9 mm + - 0.5 (SD) when ICP below 20 mmHg and 4.6 + -0.65

(SD) when ICP above 20 mmHg (p < 0.0001). The mean left ONS was

3.9 mm + - 0.3 (SD) when ICP below 20 mmHg and 4.6 + - 0.65

(SD) when ICP above 20 mmHg (p < 0.0001). There was a moderate

correlation between ICP with left and right ONS (r = 0.39, p = 0.004

and r = 0.38, p = 0.006). This study showed that the measurement of

ONS is associated with parenchymal ICP monitoring in a experi-

mental model. The discovery of a moderate correlation suggests that

measurement of ONS may be useful in monitoring ICP noninvasively,

which may be translated to the clinical setting.
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CT PERFUSION IN TRAUMATIC ACUTE SUBDURAL HE-

MATOMA: A NEW TOOL TO PREDICT OUTCOME?

Robson Luis Amorim, Almir Ferreira de Andrade, Gabriel Gattás,

Arthur Maynart, Carlo Emanuel Petito, Manoel Jacobsen Teixeira,

Edson Bor-Seng-Shu

Hospital das Clı́nicas, University of Sao Paulo, School of Medicine,

Division of Neuosurgery, Sao Paulo, Brazil

Studies in brain hemodynamics are scarce in the emergency setting,

but the use of CT Perfusion is an alternative tool to assess the he-

modynamics in brain trauma. As traumatic acute subdural hematomas

are severe lesions commonly associated to poor outcome, we aimed to

evaluate the brain hemodynamics in such patients.

Five patients admitted at the emergency department sustaining trau-

matic acute subdural hematoma were evaluated. Preoperative CTP was

performed immediately after nonenhanced head CT scan. Postoperative

CTP was performed in four patients. The outcome was assessed 6

months after surgery using the extended Glasgow Outcome Scale.

4 male and 1 female were evaluated. Mean age was 46 + - 8.1 y (SD).

Mean preoperative midline brain shift (MLS) was 10.1 + - 1.8 mm

(SD). The main mechanism of trauma was fall (four patients). There was

a significant reduction in MLS after surgery (p = 0.003). There was an

overall improvement in cerebral blood flow after surgery (from

23.9 + - 6.1 to 30.7 + - 5.1 ml/100 g/min) and in mean transit time

(from 7.3 + - 1.3 to 5.8 + - 1 seconds), although not statistically sig-

nificant (p = 0.06 and p = 0.06, respectively). Spearman correlation test

of postoperative and preoperative CBF ratio with outcome was 0,94

(p = 0.054). Only one patient died (three days after surgery). This patient

was victim of car crash and had the highest preoperative mean transit

time (9.97 seconds) and cerebral blood volume (4.51 ml/100 g).

This pilot study is the first to evaluate brain hemodynamics through

CTP in patients with acute subdural hematoma. Although there were

only five cases in this series, it suggests that the hemodynamic ame-

lioration is correlated with outcome.
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SKULL FRACTURE: INDICATOR DANGEROUS TO LIFE OR

PREDICTOR OF INTRACRANIAL INJURY?

Andriy Huk, Nikolay Kadzhaya, Andriy Dyadechko

Institute of Neurosurgery named after acad. A.P. Romodanov AMS of

Ukraine, Neurotrauma Department, Kiev, Ukraine

Introduction: In forensic science as well as in the scales (AIS, ISS) of

assessment of the severity of injury based on anatomical principles a

skull fracture is assessed as a life-threatening injury or a severe injury,

which may conflict with clinical observations.

The purpose of the work is to identify a skull fracture as an indicator of the

severity of traumatic brain injury or as a predictor of intracranial lesions.
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Materials and methods: A retrospective analysis of cases treated in

the institute of neurosurgery (280 patients) and autopsy material (131

autopsies) of patients with traumatic brain injury was conducted. All

patients underwent CT and craniography. Statistical processing of the

results was done using x2.

Results: Analysis of the obtained data showed that the incidence of skull

fractures depends on the sample of material being analyzed. Skull frac-

tures were diagnosed in 102 cases (77.9%) at autopsy and in 85 cases

(30.4%) in the clinic (x2 - 79.3, P = 0.0000). According to the sample of

hospitalized patients, 57.6% of all skull fractures were observed in pa-

tients with mild traumatic brain injury. This can be explained by the fact

that patients with mild traumatic brain injury outnumbered those with

severe traumatic brain injury in the sample (208 vs. 29). Comparison of

the incidence of fractures among patients with mild traumatic brain injury

and those with severe traumatic brain injury yielded reliable statistical

data showing that skull fractures were predominant in patients with severe

traumatic brain injury (x2 - 13.9; ? = 0.0001). Patients with mild traumatic

brain injury had skull fractures predominantly in the cranial vault (x2 - 7;

p = 0,008) and one bone (x2 - 5.8; p = 0,016) as compared with patients

with severe traumatic brain injury. A reliable statistical connection was

established between skull fractures and intracranial lesions (x2 - 3.8;

p = 0,051) in patients with mild traumatic brain injury.

Conclusion: It can be concluded that a linear fracture of the cranial

vault is a risk factor for potential intracranial lesions, but not a pre-

dictor of the severity of traumatic brain injury. It is proposed that a

skull fracture be regarded as life-threatening only when it directly

causes a potentially dangerous injury (open, penetrating TBI, multiple

and comminuted fractures of the cranial vault, fractures of the skull

base, pneumocephalus, liquorrhea).
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NEUROCOGNITIVE TESTING IN THE EMERGENCY DE-

PARTMENT USING AN IPAD: FEASIBILITY & IM-

PLEMENTATION

C Housden, J Outtrim, F Forsyth, A Rivera, E Carroll, E Dyson,

C Maimaris, A Boyle, DK Menon, V Newcombe

University of Cambridge, Cambridge, UK

Collection of neurocognitive data in the acute phase after mild traumatic

brain injury (mTBI) presents distinct challenges. The environment in the

emergency department (ED) is often busy and noisy, and time constraints

mean that traditional pen and paper tests or more comprehensive com-

puterised testing can be difficult to administer. However, robust cognitive

behavioral metrics may provide a useful basis for triage and stratified

management of patients. In this study we explored the feasibility of using

cognitive testing battery embedded in a tablet computer platform for

patients who presented to a busy ED with mTBI. These tests, based on

the CANTAB battery of tests (http://www.cambridgecognition.com/) and

implemented on an iPad, included paired associates learning and spatial

working memory tasks. We collected data during their emergency de-

partment presentation from 21 patients after mild head injury and 20

patients who had sustained a traumatic injury but no head injury. The

testing was well tolerated by patients with all consenting patients

completing the full battery. The total testing time was 20 minutes, and

the test results provided metrics regarding motor reaction time, and in

the cognitive domains of attention, memory, executive function and

learning. All patients were followed up at 2 weeks and 3 months with

repeat neurocognitive testing and magnetic resonance imaging being

performed, using an expanded panel of tests implemented in the same

platform, but based on a tablet PC (PacebladeTM). Serial assessments in

the same testing environment allowed us to assess changes over time

and relate these to neuroimaging findings.
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EFFECT OF TWO DIFFERENT TYPES OF ENRICHED EN-

VIRONMENT PRECONDITIONING ON FUNCTIONAL OUT-

COME OF RATS AFTER EXPERIMENTAL HEAD INJURY
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There is an ongoing debate on the efficacy of enriched environment

(EE) in rehabilitation: experimental data are rather controversial. The

aim of our present study was to investigate the effects of early post-

natal EE and auditory stimuli preconditioning on functional outcome

in case of severe TBI.

In the 1st experimental setting 15 male Wistar rats were traumatized

with lateral fluid percussion head injury model with 2.6 atm injury

severity. Eight animals lived within EE conditions on their first 35

post-natal days. Functional outcome was measured by the open field

and beam balance tests on the 1st, 4th and 8th post injury days. While

the EE animals performed better at each time points in the beam

balance test the number of grooming and rearing in the open field test

were increased in case of control animals related to the EE. The

difference was significant in case of grooming in the 1st post-injury

day (p = 0.047).

In the 2nd experimental setting 31 male Wistar rats were traumatized

with impact accelerational head injury model with 450 g weight from

1.5 m. Pre-injury, 17 of them lived in an enriched auditory stimuli

environment which involved listening of 60 dB loud music 12 h per

day. Surprisingly, rats that had received the auditory stimuli per-

formed significantly worse in the beam balance test independently

of the TBI (even in pre-injury setting). In the open field test we

found significantly more rearing activity on the 1st day post-injury of

the auditory preconditioned animals p = 0.018.

In conclusion while we have proven at least partial beneficial effects

of early post-natal EE our study revealed controversial effects of

auditory stimuli preconditioning most probably due to noise-induced

labyrinth-injury.

SROP-4.2.2.A-11/1/KONV-2012-0017 supported this work.
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A-59



The ‘‘Pécs Severe Head Injury Database’’ has been established in the

Department of Neurosurgery, University of Pécs in July 2002 in an

attempt to provide better insight to the region-specific characteristics

and challenges of the pathogenesis, therapy and prognosis of severe

traumatic brain injury (TBI).

Inclusion criteria included documented head injury and GCS £ 8

during hospitalization. Relevant clinical parameters and monitorized

data were collected from patients’ records, and divided into three

groups: prehospital state, primary and prolonged treatment categories.

For statistical analysis single and multiparametric logistic regression

were utilized applying SPSS 20.0 software.

Between 1st of July 2002, and 30th of June 2012, 414 consecutive

severe TBI cases were treated, 100 (24.15%) female and 314

(75.85%) male patients. The mean age was 54.56 – 20.16 years.

Average GCS on admission was 5.79 – 2.99. During the hospitaliza-

tion 223 patients survive and 191 patients died out of the 414 cases;

the overall in hospital mortality was 46.14%. From the 414 cases, 299

were treated with the utilization of ventriculostomy (mortality:

40.47%) and 115 cases were managed without it (mortality: 60.87%).

The prognostic analysis of the database proved the predictive power of

several well-known prognostic factors in severe head injury - among

others the age, GCS on admission, coagulopathy and elevated ICP.

Mortality rate was found significantly lower in those patients whose

treatment complied with the international guidelines.

SROP-4.2.2.A-11/1/KONV-2012-0017 supported this work.
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SEVERE TRAUMATIC BRAIN INJURY AND THE YOUNG

MALE SYNDROME: PSYCHOLOGICAL AND EVOLU-

TIONARY REASONS BEHIND ETIOLOGY?
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In choosing mates, both genders are interested at the age of 15–35

years, hence males in this term rather take part in dangerous situations

to get access to fertile females. Evolutionally ‘‘willingness for risk-

taking’’ may serve as a signaling device of male physical displays

during choosing mates, defined by Wilson and Daly in 1985 as

‘‘young male syndrome’’. We hypothesized that this ‘‘syndrome’’ can

be correlated with accidents which lead to severe traumatic brain

injuries (sTBI).

Our sample consisted of 374 patients suffering sTBI (females: 90;

males: 284) who were investigated concerning age, risk taking be-

havior, sex ratio, mortality and alcohol intoxication at injury. We

created three groups of injury circumstances according to levels of

risk with K-Means Cluster Analysis: 1. low risk, 2. moderate risky,

3. high risk; furthermore we defined 4 age groups: 1. under 15 years,

2. 15–35 years, 3. 36–65 years, 4. above 65 years. Incidence rates

have been analyzed with Chi-square tests and T-tests.

Our results indicate that males at the age of 15–35 y acquired sTBI

while exhibiting riskier behaviors than the other age groups of males

and any age groups of females, therefore it may be a manifestation of

‘‘young male syndrome’’.

Acute alcohol intoxication played a dominant role in head traumas in

young males, most probably escalating their risk-taking propensities.

These findings not only provide an explanation on the predominance

of young males among the injured but also highlight the importance of

specific age group targeted injury-prevention strategies.

SROP-4.2.2.A-11/1/KONV-2012-0017 supported this work.
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A RETROSPECTIVE STUDY OF PATIENTS AGED OVER 70

YEARS WITH SUBDURAL HAEMATOMA
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Pál Barzó
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A retrospective study was performed on 225 patients aged over 70

years of age who operated on with acute or chronic subdural hae-

matoma (SDH) at Department of Neurosurgery, University of Szeged

between 2005 and 2013. The outcome of SDH of elderly patients

taking anticoagulants or platelet aggregation inhibitors, moreover the

efficacy of lumbar subarachnoid infusion after surgery are investi-

gated.

The following parameters were recorded: medical history, coexisting

systemic diseases, usage of anticoagulant or antiplatelet therapy, clin-

ical condition, radiological findings, the method of surgical treatment,

lumbar subarachnoid infusion, outcome (reoperations).

The group analyzed consisted of 225 patients aged over 70 years with

subdural haematoma. Between 2005 and 2009, 91 patients had chronic

and 14 patients had acute subdural haematoma, 19 patients took

acetylsalicylic acid, 6 patients took clopidogrel and 15 patients took

Syncumar in the period of 3 months before admission; we used

lumbar subarachnoid infusion at 10 patients, the brain re-expanded in

15 patients during the operation; we reoperated 15 patients. In the

group of patients taking anticoagulants the reoperations were three

times higher and the mortality rate was two times higher than in the

group of patients not taking anticoagulants. The results of patients who

were operated between 2010 and 2013 are currently being processed.

The postoperative lumbar subarachnoid infusion can help the brain

expand, and taking anticoagulants invole a high risk of rebleeding and

presumes reoperations.
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The disease burden of intracranial trauma is high in Hungary. The

adherence to guidelines relying on well characterized effectiveness of

certain clinical interventions is the most effective approach to di-

minish this health loss. The serious head injury guideline had been

adopted in 2006 in Hungary, without launching audit for its applica-

tion. Our study aimed to describe the case fatality ratio (CFR) for

intracranial injury in Hungary to describe the effectiveness of

guidelines’ application.

Hospital discharge records of 7070 patients admitted between 01/01/

2004 and 31/12/2010 with diagnosis of intracranial injury (S06 by

ICD10) from every inpatient institutions of Hungary has been in-

volved by the processed database. The CFRs were calculated for 1

week and 6 months.

The 1-week CFRs were 21.2% among male and 23.6% among

female, which were elevated up to 47.0% and 50.4% by 6 months.

There was no association between age and 1-week CFR

(p = 0.485). The 6-month CFRs was positively correlated with age

(p < 0.001). The log-transformed number of patients treated by

institutions was not correlated with 1-week CFR (p = 0.069), but

was inversely correlated with 6-month CFR (p = 0.028). The CFRs

were not decreased after enacting guidelines in 2006. (1-week

CFR was 23% before 2006 and 22% after 2006, 6-month CFR was

47% and 49%).

The adaption of guidelines did not improve the prognosis of serious

head injury in Hungary most probably due to the low adherence of its

application. This experience demonstrated that the guideline potential

cannot be exploited without proper auditing.
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CT AND MRI FINDINGS ARE NOT PREDICTIVE OF LONG-

TERM OUTCOME FOLLOWING MILD TRAUMATIC BRAIN

INJURY

Paul McMahon, Ava Puccio, Jamie Pardini, Allison Hricik, David O

Okonkwo

University of Pittsburgh, Pittsburgh, PA, USA

Identification of mild traumatic brain injury (mTBI) relies on imaging

and clinical exam, with positive findings on CT or MRI considered a

more serious injury. For certain patients, mTBI results in lasting

symptoms and incomplete recovery. MRI findings can help identify

mTBI patients with prolonged recovery, however it is unclear whether

positive imaging is related to long-term outcomes. Therefore, we

examined the relationship of imaging to 6 and 12-month outcomes

following mTBI. Enrolled through the prospective, multicenter

Transforming Research and Clinical Knowledge in TBI (TRACK-

TBI) study, 133 mTBI patients (GCS 13–15) evaluated at a Level 1

Emergency Department within 24 hours from injury, receiving both a

head CT and MRI, were included. Outcomes measured included the

Glasgow Outcome Scale Extended (GOSE) score, the Brief Symptom

Inventory 18 Item (BSI-18) score and the Post-Traumatic Stress

Disorder Checklist (PCL) score. T-test and Chi-squared testing was

performed as well as logistic regression modeling. Mean age was

40 – 16 years old, 71.2% male with 79% having a GCS of 15. 30.1%

had positive findings on CT and 36.8% had positive MRI. Neither

positive CT nor MRI was significantly related to outcome at 6 or 12

months. Controlling for injury severity and demographics, CT and

MRI findings failed to be significant predictors of worse outcome at

either time point. Though imaging is an important diagnostic tool

immediately following mTBI, with more detailed imagining identi-

fying patients with prolonged recovery, positive findings may not be

useful in determining long-term outcomes and other factors should be

considered.
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In these preclinical experiments we assessed the therapeutic effec-

tiveness of administration of the moderate-affinity noncompetitive

glutamate receptor antagonist, memantine hydrochloride, in adult rats

after controlled cortical impact (CCI) injury. We hypothesized that

post injury administration of memantine would reduce CCI-induced

neuronal and synaptic loss and result in better cerebral blood flow

(CBF). Memantine (10 mg/kg) or vehicle was administered daily for 3

weeks starting one hour after CCI injury, by intraperitoneal injection

during the first 4 days and thereafter per os over an additional 17 days

period. Measured variables included cell number (Nissl stain) and

synapse density (synaptophysin immunoreactivity) in the hippocam-

pus. Additionally, rats were evaluated for CBF by arterial spin-label

MR imaging and for performance on vestibulomotor (beam balance

and beam walking) and memory acquisition and retention (Morris

water maze test, fear conditioning) testing. The injury level in the

current study was not sufficiently severe to produce significant be-

havioral differences between vehicle-treated injured and sham ani-

mals, however positive trends were detected in the memantine treated

injury group. Compared to injured vehicle treated rats, memantine

treatment reduced hippocampal neuronal and synapse loss and at-

tenuated impairments in CBF ipsilateral to injury site. Together, these

results suggest that in the adult rat CCI model, post injury treatment

with memantine is effective in reducing cell and synapse loss and

attenuating deficits in cerebral blood flow. These data are consistent

with reports of beneficial effects of memantine treatment in a rat

model of stroke and in patients with vascular dementia. The effect of

memantine treatment on behavioral performance after traumatic brain

injury is currently being investigated in rats exposed to more severe

CCI injury.
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EARLY SURGERY FOR FRONTAL DEPRESSED SKULL

FRACTURE IS NOT ASSOCIATED WITH BETTER OUT-
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Frontal Depressed Skull Fractures (FDSF) increase the rate of

unfavourable neurological outcomes, central nervous system

(CNS) infection, smell and taste disturbances (STD) and epilepsy.

By convention, FDSF are treated surgically and early operation is

recommended to reduce the incidence of infection. There is,

however, only class III literature adressing the efficacy of this

approach, and it argues against the automatic surgical treatment of

all cases of depressed skull fracture. Retrospective review of all

consecutive patients who underwent surgical treatment of FDSF

from January, 2010 to January, 2013. Patient’s information during

hospitalization were collected from patient’s eletronic records and

tomographic evaluation were done with digital images by two

neurosurgeons. We found 41 patients with FDSF who underwent

surgical treatment with a mean age of 28.02 years(SD: 16.03) and

ranged from 2 to 81. The median Glasgow Coma Score (GCS) at

admission was 12. Sixteen patients (39%) underwent neurosurgical

procedure at the first 24-hour-period (Early surgery group – ESG)

and 25 (61%), were operated after the first day of trauma (Delayed

Surgery Group – DSG). Tomographic analysis showed that intra-

cranial focal lesions (IFL) were found in 37 (90,2%); 4 (9,8%) had

Epidural hematoma (EDH), 14 (34,1%) had Cerebral Contusion

(CC) and 19 (46,3%) had combination of two or more types of IFL.

The median of days from traumatic brain injury (TBI) to surgery

was 2 (two), and ranged from the first day of hospital admission

(D1) to the seventeenth day (D17). Five patients died during the

hospital stay, mounting 12,2% of in-hospital mortality. Twenty-six

patients (63,4%) completed follow-up with a mean time of 17

months( + -9). There was no difference of the mortality rate (MR)

between the ESG and DSG (22% vs 17,7%, p = 0,58%) as well as in

the outcome analyzed by the Glasgow Outcome Scale extended –

GOSe (p = 0,12). Patients with isolated lesions on CT scan had a

MR of 0% against 38,4% on patients with multiple intracranial

lesions(MIL) (p = 0,02): FDSF is a peculiar and distinct type of

skull fracture. We found that more than 90% of patients had as-

sociated IFL. Most of patients had tomographic signals of dural

tear (70,7%) which represents an increased risk of cerebrospinal

fluid (CSF) leakage and CNS infection, specially when left un-

treated. However, we found no difference on MR or bad outcome

(analysed by GOSe) between the ESG and DSG. The only variable

identified as a risk factor for mortality was the presence of MIL on

CT scan. The delayed surgical treatment might be a safe and ef-

fective approach.
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COMPLEX SURGICAL TREATMENT OF SKULL BASE IN-

JURIES
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Department of Neurotrauma Péterfy Trauma Center Budapest,

Hungary

Increasing number of skull base fractures and associated injuries of

the surrounding anatomical structures are diagnosed nowadays,

mainly as consequences of high energy traffic accidents.

Five years retrospective survey of cases treated with skull base trau-

mas in our department were reviewed.

Trauma of the anterior skull base is often associated with injuries of

the orbit or paranasal sinuses. Frontobasal fractures can result in CSF

rhinorrhoea, olfactory or optic nerve injury. Laterobasal injuries may

cause CSF otorrhoea and peripheral facial nerve palsy. Skull base

fractures can result in also direct bony injury of the internal carotid

artery or formation of carotid-cavernous fistula or posttraumatic an-

eurysm. Even venous sinuses can be affected by skull base trauma,

resulting in a huge amount of bleeding. Injuries of the posterior skull

base can cause instability of the craniocervical region. Fractures in-

volving the foramen magnum are often associated with C 0 - C 2

injuries.

Early diagnosis, complex and definitive surgical solution is very im-

portant in the case of these life-threatening injuries, needing a mul-

tidisciplinary surgical cooperation during the whole treatment

procedure.
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OPTIMAL CEREBRAL PERFUSION PRESSURE – TOWARDS

INDIVIDUALISED TREATMENT IN SEVERE TRAUMATIC

BRAIN INJURY

Marcel J Aries,1,2 Angelos G Kolias,1 Marek Czosnyka,1 Karol P

Budohoski,1 Luzius A Steiner,3 Andrea Lavinio,1,4,6 Ken M Brady,5

David K Menon,4,6 John D Pickard,1 Peter J Hutchinson,1 Peter

Smielewski1

1Division of Neurosurgery, Department of Clinical Neurosciences,

Addenbrooke’s Hospital & University of Cambridge, Cambridge

Biomedical Campus, Cambridge, UK
2Department of Neurology, University of Groningen, University

Medical Centre Groningen, Groningen, The Netherlands
3Department of Anesthesiology, University Hospital Basel, Basel,

Switzerland
4Neurosciences Critical Care Unit, Addenbrooke’s Hospital,

Cambridge Biomedical Campus, Cambridge, UK
5Department of Anesthesiology and Critical Care Medicine, Texas

Children’s Hospital, Houston, Texas
6Division of Anaesthesia, Addenbrooke’s Hospital & University of

Cambridge, Cambridge Biomedical Campus, Cambridge, UK

Optimal CCP (CPPopt) refers to a narrow CPP target where cere-

brovascular reactivity is optimal. The routine use of CPPopt in the

management of patients with severe TBI requires an automated

methodology for its continuous bedside calculation.

We have sought to develop and validate such a methodology based

on monitoring of cerebrovascular pressure reactivity (PRx). Pro-

spectively collected data from 327 TBI patients managed in the

neurosciences ICU, Addenbrooke’s Hospital were retrospectively

analysed. Mean arterial pressure (MAP), intracranial pressure

(ICP), and CPP were continuously recorded and PRx was calcu-

lated online (ICM + software). Glasgow outcome scale was as-

sessed at 6 months.

An automated curve fitting method was developed to determine

CPP at the minimum value for PRx which corresponds to the

level of optimal cerebrovascular reactivity. Minute-by-minute time

trends of CPPopt were created using a moving 4-hr window. A

CPPopt curve was on average present during 55% (range 1–91%)

of the whole recording period. Mortality increased steadily with

the median CPP shifting below the threshold of CPPopt. Higher

mortality was associated with relative ‘hypoperfusion’ (CPP <
CPPopt), severe disability with ‘hyperperfusion’ (CPP > CPPopt),

while favourable outcome with smaller deviations of CPP from

the individualised CPPop. Deviations from individualised CPPopt

were more predictive of outcome than deviations from a fixed

threshold of CPP (60 or 70 mmHg).

Real-time calculation of CPPopt is possible in severe TBI patients.

The feasibility of using CPPopt for guiding patient management

needs to be tested in the context of a prospective multi-centre

study.
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CONICOTOMY OF THE BRAIN – IS THE DC/DECOM-

PRESSIVE CRANIECTOMY/AN ELECTIVE OR EMER-

GENCY REFUGEE?

Krisztina Stari-Schmidt,2 András Csókay1,2

1Dept. of Neurosurgery, Military Hospital – State Health Centre,

Budapest, Hungary
2Dept. of Neurosurgery, B.A.Z. County and University Teaching

Hospital, Miskolc, Hungary

I could get an inside look to the daily routine of different departments

and the intensive units as a resident doctor. I astonished as a neuro-

surgical doctor how great debate exist around the usage of the de-

compressive craniectomy. There are a lot of studies against and a lot

of them supporting of the DC. After reading many studies and articles,

I noticed that the DC is an ‘‘ultimum refugium’’ in many cases. It

raises many questions. Is the decompressive craniectomy like the

conicotomy a lifesaving method? Is the survival rate higher by using

the DC? What are the risks and sequelaes of their use? In the emer-

gency care we can not follow the well- known rules of the prospective,

randomised trials known in the elective care. The rules of the emer-

gency care follow the rules of the simple, logic turn of mind. In simple

words, we use conicotomy if we see a suffocating person.

In our study we compare the scientific methods of crisis states used in

emergency care and conclusions with the current status of DC.

The result shows that the current life-saving techniques are not studied

with methods of prospective randomized controlled trials (RCT). The

result in consonance with opinions of the bioethics in this states.

The question is: ‘‘Is there any possibility that the clinical trials of the

decompressive craniectomy are studied by the rules of the prospective

randomized controlled trials like in the emergency care?’’
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NIH PARTICIPATION IN THE INTERNATIONAL TRAU-

MATIC BRAIN INJURY RESEARCH (INTBIR) INITIATIVE

Ramona Hicks, Walter Koroshetz

National Institutes of Health/National Institute of Neurological

Disorders and Stroke, Bethesda, MD, USA

The National Institutes of Health (NIH) is one of the founding

members of the InTBIR initiative and enthusiastically supports the

common goal of creating a knowledge network to improve outcomes

after traumatic brain injury (TBI). NIH contributes approximately

$80M toward TBI research annually, which funds dozens of basic,

preclinical and clinical research studies.

Two large, multicenter projects have been identified as being highly

relevant to the InTBIR initiative. TRACK-TBI, led by Geoff Manley

at UCSF, is a prospective, observational study of 3,000 subjects of all

ages across the range of concussion to coma to develop a more precise

and predictive classification system for TBI and to validate neuroi-

maging and biomarkers.

ADAPT, led by Mike Bell, Univ. Pittsburgh, will study 1,000 children

with severe TBI to compare management and treatment effectiveness

for TBI in intensive care units.

In addition to supporting these clinical studies, NIH also played a

major role in the development of Common Data Elements for TBI

research (TBI-CDEs).

The Federal Interagency TBI Research (FITBIR) informatics system,

a U.S. Department of Defense and NIH collaboration, uses the TBI-

CDEs for its data dictionary and provides a platform for collaboration

and data sharing.

FITBIR will be used by NIH-funded TBI research teams and is also

available for other studies. Developing an InTBIR data sharing policy

to enable fair and reasonable access is an important goal for the

coming year.
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‘SOLID RED LINE’ – AN OBSERVATIONAL STUDY ON

DEATH FROM REFRACTORY INTRACRANIAL HY-

PERTENSION

M Czosnyka,1 M Aries,2 C Weersink,2 S Wolf,3 K Budohoski,2

C Dias,4 P Lewis,5 S Kordasti,6 P Smielewski1

1Neurosurgical Unit, University of Cambridge, UK
2Intensive Care, University Hospital Groningen, The Netherlands
3Neurosurgery, ‘Charite’ Hospital, Berlin, Germany
4Intensive Care, Sao Jao, University of Porto, Portugal
5Neurosurgery, Alfred Hospital, Melbourne, Australia
6Intensive Care, University Hospital Tromso, Norway

Cerebrovascular pressure reactivity has been showed to be indepen-

dently correlated with outcome after TBI. However, as an index

plotted in time domain, PRx is rather noisy. To ‘organize’ PRx and

make its interpretation easier, colour coding of values, with green,

when PRx < 0 and red when PRx > 0.3 has been introduced as hori-

zontal colour bar in the ICM + screen. After ten years of use, we

realized that in rare cases of deaths from refractory intracranial hy-

pertension, rise of ICP above 20 mm Hg (before CPP falls below

50 mmHg) is commonly preceded with values of PRx > 0.3, appearing

on a screen as a ‘solid red line’.

20 patients after TBI and one after traumatic SAH from 6 centres in

Europe and Australia have been studied. All of them died in a scenario

of refractory intracranial hypertension. In majority of cases the initial

ICP was below 20 mm Hg and finally rising to values well above

60 mmHg, resulting in CPP less than 20 mm Hg. In 3 cases initial ICP

was already elevated at start of monitoring. ‘Solid red line’ was ob-

served in all cases preceding rise of ICP above 25 mmHg by minutes

to hours and in two cases by two and three days.

‘Solid red line’ is a mathematical consequence of mean ICP being

strongly than usual and persistently positively correlated with MAP. It

may indicate deteriorated autoregulation. If such a state is observed

over a prolonged period, it should be considered as an indicator of

deep cerebrovascular deterioration.
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PATIENT-SPECIFIC THRESHOLDS OF INTRACRANIAL

PRESSURE AFTER PATIENTS WITH TRAUMATIC BRAIN

INJURY
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Smielewski,2 David K Menon,3 Peter J Hutchinson,1 John D Pickard1

1Academic Neurosurgical Unit, University of Cambridge Clinical

School, Cambridge, UK
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Based on continuous monitoring of the pressure reactivity index (PRx)

we defined individualized intracranial pressure (ICP) thresholds by

graphing the relationship between ICP and PRx. We hypothesized that

an ‘‘ICP dose’’ based on individually assessed ICP-threshold would

correlate closer with 6-month outcome when compared to fixed doses.

327 severe traumatic brain injury (TBI) patients have been studied.

Individualized thresholds were visually identified from graphs of PRx

versus ICP over the total monitoring time for each patient; PRx > 0.2

was the cut-off. ICP doses were then computed as the cumulative area

under the curve (AUC) above the defined thresholds in graphing ICP

versus time. The term, Dose20 (D20), is used to refer to an ICP

threshold of 20 mm Hg. The markers D25 and DPRx were calculated

similarly. Separate logistic regression models were fit with mortality

as the outcome and each dose as the predictor, both alone and adjusted

for covariates. A clearly identifiable PRx-based threshold was possi-

ble in 224 patients (68%). DPRx (0.81, CI 0.74-0.87) was found to

have the highest AUC over both D20 (0.75, CI 0.68-0.81) and D25

(0.77, CI 0.70-0.83).

We found that individualized doses of intracranial hypertension

were stronger predictors of mortality than doses derived from the

universal thresholds of 20 and 25 mm Hg. The pressure reactivity

index could offer a method towards individualizing the ICP

threshold.
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TACKLING CONCUSSION: NEUROMECHANICS AND NEU-

ROPATHOLOGY

Douglas H Smith

Center for Brain Injury and Repair, University of Pennsylvania,

Philadelphia, PA, USA

Over the past 70 years, diffuse axonal injury (DAI) has emerged as

one of the most common and important pathological feature of trau-

matic brain injury (TBI). Axons in the white matter appear to be

especially vulnerable to injury due to the mechanical loading of the

brain during TBI. As such, DAI has been found in all severities of TBI

and may represent a key pathologic substrate even of mild TBI

(concussion). Pathologically, DAI encompasses a spectrum of effects

from primary mechanical breaking of the axonal cytoskeleton, to

transport interruption, swelling and proteolysis, through secondary

physiological changes. Depending on the severity and extent of injury,

these changes can manifest acutely as immediate loss of conscious-

ness or confusion and persist as coma and/or cognitive dysfunction. In

addition, recent evidence suggests that TBI may induce long-term

neurodegenerative processes, such as insidiously progressive axonal

pathology. Indeed, axonal degeneration has been found to continue

even years after injury in humans, and appears to play a role in the

development of Alzheimer’s disease-like pathological changes. Sup-

ported by NIH grants, NS38104 and NS056202.
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PAROXYSMAL AUTONOMIC INSTABILITY IN TRAU-

MATIC BRAIN INJURIES AT NEUROSURGICAL INTENSIVE

CARE UNIT

Hyung Sik Hwang, Ho jun Yi, Sang Gun Lee, Seung Hun Sheen,

Seung-Myung Moon, Il Young Shin

Department of Neurosurgery, Dongtan Sacred Heart Hospital,

College of Medicine, Hallym University, Hwaseong, Korea

Paroxysmal autonomic instability after severe brain injury is a syn-

drome of marked agitation, diaphoresis, hyperthermia, hypertension,

tachycardia, and tachypnea accompanied by hypertonia and extensor

posturing. We evaluated to autonomic symptoms-seven criteria and

also exclusive criteria (infection, side effects of drugs, other metabolic

diseases) with the clinical data of post traumatic brain injury 117 dead

patients from January, 2007 to March, 2011. Male and female ratio

was 92:25. Mean age of patients was 53.5 (2*94) years. The mean

initial GCS score was 6.36, GOS score was 1. The number of patients

applied to our autonomic symptoms seven criteria was divided 8

groups (seven criteria : 4, six criteria : 4, five criteria : 5, four criteria :

4, three criteria : 10, two criteria : 42, one criteria : 32, no criteria : 16.

A 28-year-old man started several bipolar rhythms of autonomous

dysfunction with the hyperactive and the hypoactive stage. It might

accelerate the 24 kg loss of weight. He was treated with baclofen,

sedatives, antihypertensives for the hyperactive stage and the sym-

pathomimetic drugs were adjusted for the hypoactive stage with

ventilator. There were not abnormal laboratory findings except su-

pranormal cathecholamines. The SPECT (Single Photon Emission

Computed Tomography) showed the hypoperfusion during the auto-

nomic dysfunction. The bromocriptine made him stable. The current

evidence base does not allow the development of empirical criteria of

autonomic instability. The dopamine agonist may has a complex

cascade of neuromodulation for the autonomic instability.
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SUBDURAL HYGROMA AFTER DECOMPRESSIVE CRA-

NIECTOMY IN TRAUMATIC BRAIN INJURY

Hyung Sik Hwang, Ho jun Yi, Sang Gun Lee, Seung Hun Sheen,

Seung-Myung Moon, Il Young Shin

Department of Neurosurgery, Dongtan Sacred Heart Hospital,

College of Medicine, Hallym University, Hwaseong, Korea

Subdural hygroma (SDG) is a complication occurring after head

trauma that may occur secondary to decompressive craniectomy (DC).

However, the mechanism underlying SDG formation is not fully un-

derstood. Also, the relationship between the operative technique of

DC or the decompressive effect and the occurrence and pathophysi-

ology of SDG has not been clarified. Purpose of this study was to

investigate the risk factors of SDG after DC in our series. From

January 2004 to December 2008, DC was performed in 85 patients

who suffered from traumatic brain injury. We retrospectively re-

viewed the clinical and radiological features. For comparative anal-

ysis, we divided the patients into 2 groups: one group with SDG after

craniectomy (19 patients; 28.4% of the total sample), the other group

without SDG (48 patients; 71.6%). The risk factors for developing

SDG were then analyzed. The mean Glasgow Outcome Scale (GOS)

scores at discharge of the groups with and without SDG were 2.8 and

3.1, respectively (p < 0.0001). Analysis of radiological factors showed

that a midline shift in excess of 5 mm on CT scans was present in 19

patients (100%) in the group with SDG and in 32 patients (66.7%) in

the group without SDG (p < 0.05). An accompanying subarachnoid

hemorrhage (SAH) was seen in 17 patients (89.5%) in the group with

SDG and in 29 patients (60.4%) in the group without SDG (p < 0.05).

Delayed hydrocephalus accompanied these findings in 10 patients

(52.6%) in the group with SDG, versus 5 patients (10.4%) in the group

without SDG (p < 0.05). On CT, compression of basal cisterns was

observed in 14 members (73.7%) in the group with SDG and in 18

members of the group without SDG (37.5%) (p < 0.007). Furthermore,

tearing of the arachnoid membrane, as observed on CT, was more

common in all patients in the group with SDG (100%) than in the

group without SDG (31 patients; 64.6%) (p < 0.05). GOS showed
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statistically significant difference in the clinical risk factors for SDG

between the group with SDG and the group without SDG. Analysis of

radiological factors indicated that a midline shifting exceeding 5 mm,

SAH, delayed hydrocephalus, compression of basal cisterns, and

tearing of the arachnoid membrane were significantly more common

in patients with SDG.
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VASCULAR COMPROMISE IN CONTUSION EXPANSION

J Marc Simard, Bizhan Aarabi, Juan Sahuquillo, Volodymyr

Gerzanich

Department of Neurosurgery, University of Maryland School of

Medicine, Baltimore, MD, USA

The magnitude of damage to cerebral tissues following traumatic

brain injury (TBI) is determined by the primary injury plus numer-

ous secondary injury responses that inevitably worsen the primary

injury. When TBI results in a cerebral contusion, the hemorrhagic

lesion typically progresses during the first several hours after impact,

either expanding or developing new, non-contiguous hemorrhagic

lesions, a phenomenon termed ‘‘hemorrhagic progression of a con-

tusion’’ (HPC). Since a hemorrhagic contusion marks tissues with

essentially total, unrecoverable loss of function, HPC is among the

most feared types of secondary injury encountered following TBI.

Recently, a novel molecular mechanism was postulated to account

for HPC that involves activation of the mechano-sensitive tran-

scription factors, Sp1 and NF-kB, and transcriptional upregulation of

Sur1-Trpm4 channels in endothelial cells of penumbral micro-

vessels. Unchecked opening of Sur1-Trpm4 channels results in ac-

cidental necrosis of endothelial cells, resulting in progressive

microvascular failure, delayed capillary fragmentation, and expan-

sion of the hemorrhagic contusion, i.e., HPC. Here, we review

emerging evidence on the role of Sur1-Trpm4 channels in TBI. We

show upregulation of Sur1-Trpm4 channels in TBI in both animal

models and in humans, and we confirm the co-association of the 2

subunits, Sur1 and Trpm4, in vivo with co-immunoprecipitation and

with Förster resonance energy transfer (FRET). We review the role

of the channel in accidental necrotic cell death in vitro, and in

capillary fragmentation in vivo, with the latter shown to be blocked

by gene silencing and gene suppression as well as by pharmaco-

logical inhibition of Sur1 and Trpm4.
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ANTIBIOTIC USE: A POTENTIAL DETERMINANT OF PE-

NETRATING SPINAL CORD INJURY OUTCOMES

Wilheminah Hendrika Makhambeni, Rasik Gopal

Lipschitz Neurosurgery Unit, Soweto University of the Witwatersrand,

Faculty of Health Sciences, Department of Neurosciences,

Neurosurgery Department, Johannesburg, Republic of South Africa;

University of Cape Town, Faculty of Health Sciences, Neurosurgery

Department, Cape Town, Republic of South Africa.

The management of penetrating spinal injuries in patients with partial

neurological deficit has seen various eras historically, and been the

source of controversy generally. The apathy with which some prac-

titioners view ‘‘futile’’ intervention (especially in those with total

fallout) has alternated with the aggressive surgical approach. The vast

majority of available literature points to a single digit rate (although

one study showed a 76% rate) of improvement of neurological deficit

in patients who are managed conservatively, relative to the 39–71%

rate in the post-laminectomy group.

The patients in our unit were treated (all bar several cases) conser-

vatively. However, we encountered a variation, but with the admin-

istration antibiotics vs no antibiotics as the tipping point. Is it possible

that the exposure to prophylactic antibiotics generally administered to

surgical patients may play a more significant role in the positive

outcomes than previously thought?

Objectives:

- to elucidate the rate of improvement of patients with pene-

trating spinal injuries, and exposure to antibiotic treatment

(prophylactic or therapeutic)

- to define the potential link between improvement and specific

antibiotics

- to investigate whether the initial neurological state of a pa-

tient impacted the outcome of those who received antibiotics

The information is derived from a retrospective cohort of the relevant

patients.

Study population: The people under investigation were patients ad-

mitted to our neurosurgical unit with penetrating spinal injury.

Study period: 2009–2012

The study demonstrated the need of a multi-centre randomised control

trial of the potential benefit of antibiotics with/without laminectomy.
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THE EFFECT OF MILD TRAUMATIC BRAIN INJURY

(MTBI) ON THE STRUCTURAL PLASTICITY OF THE AXON

INITIAL SEGMENT (AIS)

Michal Vascak, Anders Hånell, John E Greer, Kimberle M Jacobs,

John T Povlishock

Virginia Commonwealth University School of Medicine, Richmond,

VA, USA

The AIS is a crucial subdomain regulating action potential firing

and undergoes activity-dependent structural plasticity to modulate

neuronal excitability. Previously, we demonstrated in mTBI-mice

dramatic alterations in the electrophysiological status of intact

neocortical pyramidal neurons, consistent with AIS-specific chan-

ges. The purpose of the current study was to determine if mTBI

induces AIS structural plasticity within intact neocortical pyrami-

dal neuron populations. Thy1-YFP mice exposed to either sham or

central fluid percussion injury (1.7 – 0.2 atm) were perfused after a

2-day recovery period. Immunoreaction with ankyrin-G, a scaf-

folding protein for axonal voltage-gated sodium-channels, was

used to fluorescently label the AIS. Confocal microscopy was used

to identify intact YFP + pyramidal neurons in neocortical layer 5,

whose axons were continuous from the soma of origin to the sub-

cortical white matter. Immunofluorescent profiles of ankyrin-G

were superimposed on traces of YFP + axons to determine, with

respect to the somas of origin, their starting and termination points,

as well as the point of maximal signal intensity of the AIS reported

as mean – SEM. In sham animals, the AIS started 2.1 – 0.4 lm

from the soma with maximum signal intensity seen at 11.7 –
1.7 lm, and termination occurring at 27.4 – 0.9 lm. While mTBI

animals had similar AIS start and maximal signal intensity points

(2.3 – 0.4 lm, 9.9 – 1.1 lm; p-value = 0.7676, 0.4502, respectively),

the AIS termination point was significantly different (22.8 –
0.9 lm; p-value = 0.0053), resulting in a decrease of AIS length.

Such a change in AIS structure may explain some of the electro-

physiological abnormalities seen in intact neocortical pyramidal

neurons after mTBI.
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Arnold Tóth,1 Ilona Schmalfuss,2 Shelley C Heaton,3 Andrea

Gabrielli,4 H Julia Hannay,5 Linda Papa,6 Gretchen M Brophy,7

Kevin KW Wang,8 András Büki,1 Attila Schwarcz,1 Ronald L Hayes,9

Claudia S Robertson,10 Steven A Robicsek11

1Department of Neurosurgery, University of Pecs, Pecs, Hungary
2Department of Radiology, North Florida/South Georgia Veterans

Administration & University of Florida, Gainesville, FL, USA
3Department of Clinical & Health Psychology, University of Florida,

Gainesville, FL, USA
4Department of Anesthesiology & Critical Care, University of

Florida, Gainesville, FL, USA
5Department of Psychology, University of Houston, Houston, TX
6Orlando Regional Medical Center, Orlando, FL, USA
7Department of Pharmacotherapy & Outcomes Science and

Neurosurgery, Virginia Commonwealth University, Richmond, VA, USA
8Center for Neuroproteomics & Biomarkers Research Departments of

Psychiatry & Neuroscience McKnight Brain Institute, University of

Florida, Gainesville, FL, USA
9Banyan Biomarkers, Inc., Alachua, FL, USA
10Department of Neurosurgery, Baylor College of Medicine, Houston, TX
11Departments of Anesthesiology & Neuroscience, University of

Florida, Gainesville, FL, USA

Early CT scan findings play an important role in the management of

patients with severe traumatic brain injury (sTBI). We hypothesized

that lateral ventricular volume asymmetry is an earlier sign of de-

veloping asymmetric pathology than midline shift and is an indicator

of poor outcome.

This retrospective analysis was performed on 84 adults with blunt

sTBI requiring a ventriculostomy presenting to a Level I Trauma

Center. 76 patients underwent serial CTs within 3 hrs and an average

of 3 scans within the first 10 days of sTBI. Six-month outcome data as

Disability Rating Scale (DRS) and Glasgow Outcome Scale-Extended

(GOS-E) were available for 64 patients. Lateral ventricle volumes

were quantified by computer assisted manual volumetric measure-

ments. Lateral ventricular volume ratios (LVR) were determined on

the initial CT to evaluate ventricular asymmetry. Relationships be-

tween the initial LVR values, midline shift development and outcome

scores were tested.

Sixty percent (15 of 25) of the patients with a LVR > 1.8 had 0–5 mm

midline shift on initial CT. These patients had an odds ratio of 6.47

(p < 0.01) to develop a subsequent > 5 mm midline shift. Surviving

patients at 6 months with an initial LVR of > 2.2 had significantly

(p < 0.05, Mann-Whitney U-test) worse DRS and GOS-E scores than

patients with an initial LVR of < 2.2 (mean scores for LVR > 2.2:

DRS = 10, GOS-E = 4; for LVR < 2.2: DRS = 5, GOS-E = 6).

We propose that LVR captures ventricular asymmetry and may pre-

dict midline shift, be an early indicator of poor outcome and a useful

sign in the clinical management of sTBI.
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ATROPHY ESTIMATION IN POST-TRAUMATIC DIFFUSE

AXONAL INJURY
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Diffuse axonal injury is a well comprehended kind of post-traumatic

brain lesion characterized by widespread disruption of cerebral white

matter bundles. Recovery trajectory, if the patient recovers his con-

sciousness, is mainly characterized by neuropsychological sequelae

such as attention and memory deficit. Brain atrophy as assessed by

quantitative measurements on seriated MRI volumetric scans may

represents a challenging biomarker, useful to predict the prognosis of

these kind of patients because data coming from recent observations

of some authors, show relevant correlations between white matter

cerebral atrophy and cognitive post-traumatic performance as assessed

by neuropsychological tests. We set up a longitudinal study including

patients in post-traumatic coma being hospitalized with a DAI pattern

revealed by MRI. Patients presenting with DAI in addition to any

focal brain lesion, such as subdural hematoma, are excluded. Patients

undergo MRI scan (T1 3D MPRAGE, isotropic voxel 1 mm 3) at 4

time points (1,7,13,25 months) and neuropsychological evaluation

(FAB, TMT A and B, RAVLT, Rey figure, Raven’s CPM, WCST) at

the same time. Purpose was to study the atrophy phenomenon with

respect to its timing, and to patient outcome. We included 10 patients;

only 4 have already completed the 4 time points observation. WM

atrophy is grossly influencing the early seven months period (range

0.51%–16.4%) We observed an initial statistically significative trend

of correlation (Pearson) between WM volume loss and memory

( - 0.820) and attention (0.813) scores.
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Post-traumatic ventriculomegaly is a known complication of severe

traumatic brain injury (sTBI) associated with poor clinical outcome.
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Subjective assessments leave the relationship of ventriculomegaly and

outcome measures elusive. We hypothesized that ventricular volu-

metric based identification of ventriculomegaly could add to subjective

radiologic assessment of ventriculomegaly in predicting outcome. This

retrospective analysis was performed on 84 adults with blunt sTBI

requiring a ventriculostomy presenting to a Level I Trauma Center.

Serial CTs within 3 hrs and an average of 3 additional scans within the

first 10 days of sTBI and 6-month outcome data, Disability Rating

Scale (DRS) and Glasgow Outcome Scale-Extended (GOS-E), were

available for 64 patients. Subjective assessment for ventriculomegaly

and quantified ventricular volumes were determined. Relative en-

largement to initial volume was calculated. The relationship to 6-month

outcome was assessed between patients without ventricular enlarge-

ment and each of the following groups: (A) Subjective radiological

diagnosis of ventriculomegaly. (B through E) Quantitative measure-

ment groups: (B) any, (C) overall, (D) bilateral, (E) unilateral en-

largement. Mann-Whitney U-test determined significance (p £ 0.05).

Ten surviving patients with unilateral enlargement (E) had signifi-

cantly worse DRS and GOS-E scores than all other 19 surviving

patients (mean scores for group E: DRS = 10, GOS-E = 4; for non-

unilateral enlargement group: DRS = 4, GOS-E = 6). Other groups (A-

D) did not differ in outcome from non-enlargement patients.

Quantitative approach identified a subgroup of sTBI patients with uni-

lateral ventricle enlargement indicating poor outcome while other types

or subjective-diagnosed ventricle enlargement did not.
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CONTRALATERAL AND THIRD VENTRICULAR COMPRES-

SION ARE EARLY CT SIGNS HERALDING SECONDARY

INFARCTS IN NON-PENETRATING SEVERE TRAUMATIC

BRAIN INJURY

Ferenc Rabái,1 Elizabeth B Mahanna,2 Andrea Gabrielli,2 Ronald L

Hayes,3 Claudia S Robertson,4 Steven A Robicsek,5 Ilona Schmalfuss6
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4Department of Neurosurgery, Baylor College of Medicine, Houston, TX,
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5Departments of Anesthesiology & Neuroscience, University of
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Posttraumatic secondary infarction (PTCI) is a common secondary

injury following severe traumatic brain injury (sTBI). Several risk

factors for PTCI have been identified including low admission GCS,

raised ICP, herniation and decompression surgery but no known early

CT signs predicting PTCI have been identified yet. Existing CT

classifications (e.g., Marshall Classification and Rotterdam Score)

predict overall prognosis, but have not been validated for predicting

PTCI. We aimed to identify early CT signs as risk factors of PTCI.

A prospective convenience controlled cohort study enrolled 131 adult

patients with sTBI. CT scans were evaluated retrospectively for the

presence of secondary infarcts, third ventricular compression, con-

tralateral ventricular compression in relation to primary mass lesion,

intra-ventricular hemorrhage, basal and cortical subarachnoid hem-

orrhage in patients with and without secondary infarcts.

Fifteen of 131 patients (11.4%) developed secondary infarcts. Third

ventricular compression and contralateral ventricular compression on

initial CT scan was seen more frequently in patients with PTCI: 14/15

vs 55/116 (OR = 15.5; 95%CI 1.98-121.98 p < 0.01) and 10/15 vs 20/

116 (OR = 9.6; 95%CI 2.96-31.14 p < 0.01), respectively.

Contralateral and 3rd ventricular compression were found to correlate

with the development of PTCI. These CT signs can be considered as

surrogate markers of CSF volume loss, an early compensatory step in

intracranial swelling often seen in sTBI. Subsequent rise in ICP can

lead to herniation, vessel compression and ultimately secondary in-

farcts. Identification of these early CT signs may lead to intensified

treatment and to reduced risk of secondary infarcts.
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LATERAL VENTRICLE VOLUME ASYMMETRY IS RE-

LATED TO SPECTRIN BREAKDOWN
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Biomarkers of neuronal injury together with neuroimaging could be

used to better evaluate sTBI severity.

The relationship between early lateral ventricle volume asymmetry,

Rotterdam score, Marshall CT Classification and cerebrospinal fluid

(CSF) biomarkers were assessed.

This retrospective study included 84 adults with blunt sTBI requiring

ventriculostomy presenting to a Level I Trauma Center. 64 patients

had an initial CT done within 3 hrs after TBI and quantitative CSF

biomarker data (UHCL-1, SBDP145, SBDP150, SBDP120, MAP2,

MBP, S100B) available within 24 hrs after injury. Lateral ventricle

volumes were quantified by computer-assisted manual volumetric

measurements and their ratio (LVR) was calculated to capture ven-

tricular asymmetry. Marshall and Rotterdam scores also were deter-

mined. Non-parametric tests were used to assess the correlations.

LVR values were significantly correlated with the Rotterdam score

(rho = 0.45, p < 0.001) and Marshall CT classification (rho = 0.29,

P = 0.008). There were 68 patients who had both LVR and biomarker

levels available. The only biomarker that was significantly associated

with LVR was SBDP145 (rho = 0.30, p = 0.023). In those with

LVR < = 1.8, mean SBDP145 values taken at the earliest time point

within 24 hours was 64.6 (SD97.6) and in those with LVR > 1.8 was

103.0 (SD 81.4) (p = 0.02). SBDP145 was also correlated with the

Rotterdam score (rho = 0.38, p < 0.001) and with Marshall Classifica-

tion (rho = 0.23, p = 0.017).

Our results suggest that asymmetric distortion is an important com-

ponent of brain pathologies in sTBI and is associated with both
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Rotterdam and Marshall Classifications. These CT findings are asso-

ciated with early elevations of SBDP145, suggesting SBDP145 is an

important indicator of sTBI severity.
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A NEW FMRI APPROACH FOR ESTABLISHING CON-

SCIOUS AWARENESS AND COMMUNICATION IN BEHA-

VIOURALLY NONRESPONSIVE PATIENTS

Lorina Naci, Rhodri Cusack, Adrian Owen

The Brain and Mind Institute, Western University, London, Ontario,

Canada

The interpretation of human thought from brain activity, without re-

course to speech or action, is one of the most provoking and chal-

lenging frontiers of modern neuroscience. In particular, patients who

are fully conscious and awake, yet, due to brain damage, are unable to

show any behavioural responsivity, expose the limits of the neuro-

muscular system and the necessity for alternate forms of communica-

tion. Although it is well established that selective attention can

significantly enhance the neural representation of attended sounds, it

remains, thus far, untested as a response modality for brain-based

communication. Functional magnetic resonance imaging (fMRI) data

were acquired as healthy participants (N = 15) and behaviourally non-

responsive patients (N = 10) were asked to answer binary questions by

selectively attending to the appropriate word (‘yes’/‘no’). 90% of the

answers provided by healthy participants were decoded correctly based

on activity changes within each individual’s attention network. More-

over, formal comparison with the current best-established fMRI tech-

nique for binary communication, revealed improved individual success

rate, and scanning times required to detect responses. Six patients

demonstrated their ability to follow commands by selectively paying

attention according to instructions. Three patients were also able to

guide their attention to repeatedly communicate correct answers to

several questions. These results demonstrate that behaviourally nonre-

sponsive patients can use selective auditory attention to convey their

ability to follow commands and to communicate. This technique may

be useful in establishing basic communication with patients, who ap-

pear to be unresponsive with bedside examinations, as well as existing

neuroimaging methods.
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EFFECT OF MILD HYPOTHERMIA TREATMENT ON RAT

RIPK-1 EXPRESSION FOLLOWING TRAUMATIC BRAIN

INJURY

Tu Yue, Sun Hong-tao, Cheng Shi-xiang, Hu Qun-liang, Zhang Sai

Institute of Traumatic Brain Injury and Neuroscience of Chinese

Armed Police Forces (CAPF); Neurology and Neurosurgery Hospital,

Affiliated Hospital of Logistics College of CAPF, Tianjin, China

To investigate the relationship between mild hypothermia treatment

and gene transcription and protein expression of receptor-interacting

protein kinase-1 (RIPK-1) following by traumatic brain injury (TBI)

in rats. Forty adult male Wistar rats were randomly divided into

5 equal groups (normal, sham, sham + hypothermia, TBI, and

TBI + hypothermia). After TBI induced by fluid percussion injury

(FPI), group TBI remained at normal temperature (37�C), and group

(TBI + hypothermia) underwent mild hypothermia (32�C) for 4 h.

Neurological severity scores (NSS) were then assessed. All rats were

sacrificed after 48 h and brain tissues were harvested, stained with

hematoxylin and eosin (HE). mRNA and protein expressions of RIPK-

1 were analyzed by reverse transcription-polymerase chain reaction

(RT-PCR), real-time PCR, Western-blot, and immunohistochemistry

(IHC), respectively. Significantly decreased NSS scores were ob-

served in group TBI + hypothermia compared to group TBI (P < 0.01).

Additionally, group TBI increased RIPK-1 levels compared to group

sham (P < 0.05). Reduced expression of RIPK-1 were apparent in

group TBI + hypothermia compare to group TBI (P < 0.05). However,

no statistically significant difference was observed among groups

normal, sham, and sham + hypothermia in NSS scores and the ex-

pression of RIPK-1 (P > 0.05) Mild hypothermia treatment signifi-

cantly reduced NSS score and RIPK-1 upregulation after TBI, which

may provide a better understanding of the mechanisms by which

hypothermia reduces secondary brain injury in TBI patients.
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ESTABLISHMENT OF TRAUMATIC BRAIN INJURY-

INDUCED STRESS ULCER MODEL IN RATS WITH AN

ELECTRIC CORTICAL CONTUSION IMPACTOR

Sun Hong-tao, Hu Qun-liang, Zhang Sai, Tu Yue

Institute of Traumatic Brain Injury and Neuroscience of Chinese

Armed Police Forces (CAPF); Neurology and Neurosurgery Hospital,

Affiliated Hospital of Logistics College of CAPF, Tianjin, China

The application of electric cortical contusion impactor (eCCI) caused

traumatic brain injury (TBI)-induced animal model of stress ulcer

(SU) in rats and lay the foundation for further study on the patho-

genesis and treatment of SU. A total of twenty Spraque-Dawley rats

were subjected to impact injury at 4 mm depth of penetration, for a

sustained depression of 200 ms, at 4 m/s velocity for TBI using the

eCCI device. The brain and gastric mucosal blood flow were mea-

sured for 48 h following TBI, and then the brain and gastric tissues

were removed for observing histopathological changes. After 48 h of

TBI, the mucosal blood flow in the brain surface of rats were re-

duced, oozing surface of red blood cells. The number of neurons was

decreased with structural disorder. The structure of gastric mucosal

tissue surface was disordered, with mucosal surface cells and glan-

dular stomach cell degeneration, loss, accompanied by red blood

oozing. Eosinophilic infiltration of inflammatory cells in the sub

mucosa of gastric were observed. There is existence of SU following

TBI induced by electric cortical contusion impactor. The SU animal

model induced by TBI in rats was established successfully, which may

serve as a suitable platform to provide experimental evidence for the

pathophysiological of SU following TBI.
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NEUROPROTECTION: PRECLINICAL/TRANSLATIONAL

DISCOVERY

Robert Vink

Adelaide Centre for Neuroscience Research, School of Medical

Sciences, University of Adelaide, Australia

Despite the neuroprotective success of various pharmacological in-

terventions in experimental models of CNS injury, none have suc-

cessfully translated to the clinical arena. While a number of factors

have been proposed to account for this failure, our own studies have

highlighted the importance of species selection as well as dosage and

timing of drug administration. We will use two case studies to illus-

trate these points. The first examines the use of substance P receptor
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antagonists for the treatment of elevated ICP following TBI. The

temporal dynamics of ICP and brain oxygenation changes after clin-

ical TBI are poorly reflected in rodent models of TBI, while large

animal models better mimic the human condition. Moreover, the data

from large animal models allows simultaneous analysis of all of the

parameters that contribute to brain oxygenation (ICP, MABP, CPP),

thereby providing a more advanced understanding of their interrela-

tionships and thereby potential treatment targets. The second case

study examines the efficacy of pharmacologic aquaporin modulators

to reduce edema after traumatic CNS injury. We demonstrate that the

effect of the modulators depends not only upon the model being used,

but also upon the timing of drug administration, with the effects of

late administration sometimes being diametrically opposed to the ef-

fects of early administration. While problematic in terms of simplistic

translation, these types of results do provide an insight into the

mechanistic complexity of CNS injury and the factors that must be

taken into account in the quest for successful clinical translation.
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CANADIAN PARTICIPATION IN THE INTERNATIONAL

INITIATIVE FOR TRAUMATIC BRAIN INJURY RESEARCH

(INTBIR)

Anthony Phillips

Canadian Institutes of Health Research, Institute of Neurosciences, Mental

Health and Addiction, Vancouver, Canada

Led by the Canadian Institutes of Health Research - Institute of Neu-

rosciences, Mental Health and Addiction (CIHR-INMHA), Canada is

one of the three founding members of the InTBIR initiative. INMHA and

several national partners including Defense Research Development

Canada, le fonds de recherche du Québec santé, the Hotchkiss Brain

Institute, the Ontario Brain Institute and the Ontario Neurotrauma

Foundation have partnered to support $10M in new funding for TBI

research in Canada aligned with the goals and vision of InTBIR. In

November 2013 Canada’s Minister of Health Rona Ambrose officially

announced $7.4M funding of 5 new teams focused on the early diagnosis

and management of mild TBI or concussion in children and youth and 14

Catalyst grants focused on the early diagnosis and management of mild

TBI across the lifespan.

INMHA hosted the second InTBIR meeting in Vancouver in October

2013 with a key objective being to encourage scientific exchange and

networking among members of newly funded TBI research programs

undertaken in the EU, the United States and Canada. Invited partici-

pants learned first hand about existing and planned resources, in-

cluding infrastructure, databases, Common Data Elements and their

promotion/internationalisation. Discussion at the meeting also focused

on data sharing policies and technologies, and a dedicated session was

intended to foster progress towards standardized data collection,

sharing and meta-analyses.
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FACTORS OF INFLUENCE ON SURGICAL DECISION

MAKING AND OUTCOME IN PATIENTS WITH ACUTE

SUBDURAL HEMATOMA: A RETROSPECTIVE STUDY OF

109 PATIENTS WITH EVALUATION OF QUALITY OF LIFE

TA van Essen, GC de Ruiter, WC Peul

Department of Neurosurgery, Leiden University Medical Center,

Leiden, The Netherlands

Department of Neurosurgery, Medical Center Haaglanden, The

Hague, The Netherlands

The acute subdural hematoma (ASDH) due to traumatic brain injury

(TBI) often leads to severe disability despite neurosurgical treatment.

Therefore, whether to operate or not, and with or without a bony

decompression, i.e. decompressive craniectomy (DC), pose ethical

dilemmas. In this study patients were retrospectively analyzed for

whom neurosurgical consultation was requested between 2008 and

2012 in order to determine which factors might be of influence on

surgical decision making and outcome. Outcome was assessed with

mortality on discharge, the Glasgow Outcome Scale (GOS) and the

Quality of Live after Brain Injury (QOLIBRI) scale.

Included were 109 patients. In mild TBI and ASDH, operated patients

more often had focal signs (75 vs 25 %; p = .01) and had more midline

shift (10 vs 3 mm; p = .001). Comparing DC with craniotomy alone,

the DC group was younger (53 vs 67; p = .004), less often used

anticoagulants (53 vs 28; p = .05), had thinner hematoma (13 vs 17

mm; p = .03), more accompanying intracranial pathology (71 vs 34 %;

p = .03) and had worse functional outcome (GOS £ 3: 80 vs 56 %;

p = 0.05). QOLIBRI was the same for mild and moderate/severe TBI

(69 vs 64; n = 9; p = .63).

The study shows factors that might be of influence on surgical deci-

sion-making in ASDH. Interestingly, QoL did not differ between mild

and moderate/severe TBI. These results should strengthen the call for

a comparative effectiveness study on surgery for ASDH.
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BLAST-INDUCED CEREBRAL VASCULAR DYSFUNCTION

Douglas DeWitt

Department of Anesthesiology, The University of Texas Medical

Branch, Galveston, TX, USA

Concussive traumatic brain injury (TBI) is associated with cerebral

vascular dysfunction comprised of impaired compensatory responses

to changes in arterial pressure, oxygen and carbon dioxide levels and

hematocrit, as well as increases in blood-brain barrier (BBB) per-

meability. Traumatic cerebral vascular injury likely contributes to the

increased mortality/morbidity observed in humans and experimental

animals when concussive TBI is accompanied by arterial hypotension

or hypoxemia. Although cerebral vascular dysfunction is an estab-

lished consequence of concussive TBI, the effects of blast-induced

neurotrauma (BINT) on the cerebral vasculature are unknown.

Blast injury is the most prevalent source of mortality and morbidity

among combatants in Operations Iraqi (OIF), Enduring Freedom

(OEF) and New Dawn. While TBI has been a significant cause of

mortality and morbidity among combatants in past conflicts, the in-

cidence of TBI among war fighters in OIF and OEF is higher than past

conflicts. Although these reports indicate that there is a high incidence

of blast exposure and TBI among military personnel in Iraq and Af-

ghanistan, the degree to which primary blast injury, that is, blast over-

and underpressures, contributes to BINT is not clear and the degree to

which BINT contributes to cerebral vascular dysfunction is unknown.

Whereas the effects of BINT on neuropathological and behavioral

outcomes have been studied for decades, there has been very little

research on the cerebral vascular effects of BINT.

Using two experimental models of rodent blast injury, one that models

primary blast exposure followed by impact injury and the other pri-

mary blast exposure alone, we have observed significant reductions

in cerebral blood flow, increases in cerebral vascular resistance and

reductions in dilator responses to reduced intravascular pressure

in isolated middle cerebral arterial segments. These results indicate

that BINT, like concussive TBI, is associated with cerebral vascular

dysfunction.
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VARIABILITY IN SURGICAL DECISION MAKING FOR

ACUTE SUBDURAL HEMATOMA: RESULTS OF AN ON-

LINE QUESTIONNAIRE

TA van Essen,1,2 GC de Ruiter,1,2 KH Kho,2,3 WC Peul1,2

1Department of Neurosurgery, Leiden University Medical Center,

Leiden, The Netherlands
2Department of Neurosurgery, Medical Center Haaglanden, The

Hague, The Netherlands
3Department of Neurosurgery, University Hospitals Leuven, Belgium

Currently, there is only class 3 evidence for the treatment of traumatic

acute subdural hematoma (ASDH). This lack of evidence leads to

uncertainty regarding the optimal management approach, possibly

resulting in a variable view among neurosurgeons in managing

ASDH. The aim of this online questionnaire was to study the variable

view on treatment of the ASDH in the Netherlands and Belgium.

An online questionnaire, involving treatment decisions on 6 cases of

patients with a traumatic ASDH, was sent to 7 Dutch and 3 Belgian

neurosurgical centers. Clinical and radiological variables differed per

case and were based on real-life conditions.

Fifty-six neurosurgeons responded (response rate 60%). For cases of

severe TBI and an ASDH there was a modest variation for the deci-

sion to evacuate the hematoma or not and a large variation for the

decision to combine the evacuating with a decompressive cra-

niectomy. The main reasons to operate were ‘neurological condition’

and ‘mass effect’. For ASDH and mild/moderate TBI there was large

variation for operating or not and ‘hematoma size’ was the pre-

dominant reason to operate.

Intercenter variation was seen, most notably, between two centers for

the decision to evacuate the hematoma or not (14 vs 90% ‘yes’ an-

swers, p < .001).

This study suggests a variation in surgical management of the trau-

matic ASDH. Specifically, decisions varied more for moderate/mild

cases than for severe cases, possibly reflecting more uncertainty with

regard to mild/moderate TBI and ASDH. This treatment variation

offers the opportunity to perform a comparative effectiveness study

into surgery for ASDH.
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STATE-OF-THE-ART LECTURE ON TRAUMATIC BRAIN

INJURY

John T Povlishock

Medical College of Virginia Campus of Virginia Commonwealth

University, Richmond, VA, USA

The past decade has witnessed unprecedented growth in our under-

standing of traumatic brain injury (TBI). Buoyed by technical advances

in the clinical setting utilizing advanced imaging, biomarker discovery

and genomic evaluation, together with similar advances in the basic

sciences incorporating advanced bioimaging, molecular biology and

targeted electrophysiology, our understanding of TBI across the spectrum

of severity has increased exponentially. Clinical research has moved

from the once singular concept of traumatically-induced brain edema and

ICP elevation to a more global appreciation of the complex metabolic,

electrophysiological, and blood flow abnormalities that impact outcome.

These clinical discoveries have been strengthened by an improved un-

derstanding of genetic variation and the influence of complex secondary

posttraumatic factors in determining outcome. In the laboratory, equally

impressive accomplishments have been made with new insights into the

cell and molecular biology of neuronal and axonal injury together with a

better appreciation of the responses of the related brain microenviron-

ment including its glial and vascular elements. Novel neuroprotective

strategies have been identified and their benefits have been critically

evaluated in multiple model systems. Together with those themes

emerging from the clinical setting, basic science discovery suggests that

TBI’s dominant consequence is one of CNS circuit disruption wherein

the brain’s normal excitatory and inhibitory balance is either functionally

or structurally perturbed, leading to a less than optimal recovery. While

TBI remains the most complex disease known to man, the research and

clinical community should be encouraged by the remarkable progress

made to date.
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OUTCOME PREDICTION IN PERSISTENT POST TRAU-

MATIC COMA

Louis Puybasset, Lionel Velly, Habib Benali, Damien Galanaud,

Vincent Perlbarg

Department of Anesthesiology and Critical Care; Pitié-Salpêtrière

Hospital, Pierre-and-Marie-Curie University, Paris, France

Existing methods to predict recovery following severe traumatic brain

injury (TBI) lack accuracy. This study determines the value of

quantitative diffusion tensor imaging (DTI) to predict functional

outcome one year after severe TBI. In a multicenter study including

12 centers, we prospectively enrolled 185 patients who remained

comatose at least 7 days after TBI. Patients underwent brain MRI,

which included DTI analyzed in 20 preselected white matter tracts.

White matter was divided in two areas: axial (including anterior and

posterior brainstem, cerebral peduncles and splenium of the corpus

callosum) and hemispheric (genu and body of the corpus callosum,

anterior and posterior limbs of the internal capsule, sagittal stratum,

superior longitudinal fascicules and corona radiata). Patients were

evaluated at one year with a modified Glasgow Outcome Scale ex-

tended (GOSE). A prognostic model was constructed according to the

axial and hemispheric DTI injury expressed in values normalized to

controls per center. GOSE at one year was unfavorable (UFO,

GOSE £ 4) in 126 patients (68%) and favorable (FO, GOSE ‡ 5) in 59

patients (32%).

All patients with a hemispheric FA score below 80% and all but one

patients with an axial mean FA score below 80% had an unfavorable

outcome.

TBI outcome depends on both axial and hemispheric injuries as can be

assessed by DTI.
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THE PATHOLOGY OF DIFFUSE AXONAL INJURY

Willie Stewart

Department of Neuropathology, Institute of Neurological Sciences,

Glasgow, UK

Diffuse axonal injury (DAI) is recognised as one of the most common

pathologies in traumatic brain injury (TBI), described in all severities

from mild to severe. Over the past 7 decades, from early accounts re-

porting diffuse white matter pathology following TBI in isolated cases

and short series of human autopsy material, through the more formal
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neuropathological descriptions of cohorts derived from the Glasgow

TBI Archive, the apparently stereotypical pattern and distribution DAI

are now readily recognised. Pathologically DAI encompasses a spec-

trum of abnormalities including primary disruption of the axonal cy-

toskeleton, transport interruption and axonal swelling and proteolysis

coinciding with clinical presentations reflecting injury severity and

extent, such as confusion, loss of consciousness and coma. With the

growing recognition that TBI is associated with increased risk of neu-

rodegenerative disease, such as Alzheimer’s disease (AD) and chronic

traumatic encephalopathy (CTE), attention has focussed on TBI related

pathologies which may have a role in influencing longer term outcomes.

Recent evidence suggests that, in a proportion of survivors from TBI,

there remains an insidious, progressive axonal pathology, which may

continue even years after the original injury and may serve as a substrate

for development of late, TBI-associated neurodegenerative pathologies.

As such, DAI is now considered not only a key pathology in acute TBI,

but also an important potential contributor to post-TBI neurodegener-

ative disease.
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OUTCOME ASSESSMENT AFTER ACQUIRED BRAIN INJURY

Nicole von Steinbüchel

Institute of Medical Psychology and Medical Sociology, University

Medical Center Göttingen, Georg-August-University, Göttingen,

Germany

The ultimate goal of health care and rehabilitation following traumatic

brain injury (TBI) is to return a person to full health or to enable him/

her to maintain as high a functional and health-related quality of life

(HRQoL) level as possible (Berger et al., 1999; Koskinen, 1998). TBI

can result in lifelong physical, cognitive, emotional, and behavioral

impairments, activity limitations and participation restrictions, af-

fecting the person’s self image and coping strategies. An overview on

the European and American state of the art concerning outcome as-

sessment (psychological, psychosocial and neuropsychological as-

sessments) after TBI will be presented. The QOLIBRI and its short

form (QOLIBRI-OS) will be exemplarily depicted as a new outcome

instrument in HRQOL.

There are manifolds medical, health economic, social and ethical

implications to improve outcome assessment. This may enhance dis-

ease characterization, clinical and care interventions and neu-

ropsychological rehabilitation.
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AN iPAD CASE REPORT VIEWER FOR HIGH-DEFINITION

FIBER TRACKING FOR TBI PATIENTS AND THEIR CLIN-

ICIANS

Walter Schneider, David O Okonkwo, Jon Chmura, Nora Presson,

Steven Benso, Ava M Puccio

Department of Neurological Surgery, University of Pittsburgh,

Pittsburgh, PA, USA

We have developed a tablet-based application, the HDFT Report App,

to enable clinicians and patients in research studies to see and un-

derstand probable damage from Traumatic Brain Injury (TBI) by

viewing 2- and 3D images of their brain, focusing on white matter

tracts and quantification of their axonal projections. The overall goal

is to visualize white matter fiber tract injury by making the ‘‘invisible

wounds of TBI’’ as understandable for patients as an X-ray of a bone

fracture. Using mobile computing technology, imaging data for in-

dividual patients can be downloaded remotely onto an iPad within

hours of an MRI brain scan. Clinicians and patients can view the data

in the form of images of each tract, rotating animations of tracts, 3D

models, and graphs. Ten major tracts can be examined for asymmetry,

gaps in axonal projection fields, or reduced branching and volume.

Novice users can effectively navigate and interact with the application

(generally explain images and graphs representing normal tracts and

tracts showing evidence of reduction), within fifteen minutes of ori-

entation, with high accuracy (96%). The architecture supports ex-

tensive graphics, provides an intuitive, attractive interface with a

smooth user experience, and allows for securely serving cases from a

database. Patients and clinicians have described the application as

providing dramatic benefits in understanding their TBI.
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QUANTIFYING WHITE MATTER STRUCTURAL IN-

TEGRITY WITH HIGH DEFINITION FIBER TRACKING IN

TRAUMATIC BRAIN INJURY

David O Okonkwo, Walter Schneider, Nora Presson, Sue Beers, Lisa

Marrow, Allison Borasso, Ava M Puccio

Department of Neurological Surgery, University of Pittsburgh,

Pittsburgh, PA, USA

There is an urgent, unmet demand to biologically quantify and

pinpoint the location and extent of damage in traumatic brain injury

(TBI). We have developed High Definition Fiber Tracking (HDFT),

a 3T MRI-based diffusion spectrum imaging (DSI) and tracto-

graphy analysis pipeline, to quantify axonal injury in military and

civilian TBI patients. A novel homologue correlation methodology

quantified tractography to estimate white matter integrity in pa-

tients and healthy controls. Forty-one subjects (23 TBI, 18 con-

trols) were scanned with the HDFT DSI protocol. After

reconstruction, bilateral hemisphere homologues of eight major

tracts were segmented. Integrity of segmented tracts was estimated

by calculating homologue correlation and tract spread. Both groups

showed high correlations for all tracts. TBI patients showed re-

duced homologue correlation and tract spread and increased outlier

count (correlations > 2.32 SD below control mean). On average,

6.5% of tracts in the TBI group were outliers, with substantial

variability among patients. Number and summed deviation of

outlying tracts correlated with initial Glasgow Coma Scale (GCS)

score and 6-month Glasgow Outcome Scale – Extended (GOS-E)

score, suggesting that correlation metrics can detect heterogeneous

damage affecting a low proportion of tracts, presenting a potential

mechanism for advancing TBI diagnosis.
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THERAPY OF TRAUMATIC OPTIC NEUROPATHY (TON):

WHEN? HOW? MONO AND/OR COMBINED THERAPY?

TRADITIONAL AND/OR SURGICAL TREATMENT FOR

TRAUMATIC OPTIC NEUROPATHY?

Judit Somlai,1 György Szeifert,2 Tamás Kassai3

1Head, Unit of Neuro-Ophthalmology, Department of Neurology &

Stroke, Military Hospital, Budapest, Hungary
2Head, Department of Neuro-Traumatology, Péterfy Traumatology

Centre, Budapest, Hungary
3Head, Department of Child-Traumatology, Péterfy Traumatology Centre,

Budapest, Hungary
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Time factor is extremely important in the efficiency of TON therapy

- by early diagnosis of ON lesion with consecutive neurological

trauma, as soon as it is possible, in cases of closed traumatic optic

neuropathy.

Reasons for late recognition of closed TON could be e.g. un-

consciousness, respiratory and circulatory disorders, other neu-

rological deficits, urgent neurosurgical and/or traumatological

operations.

Neurosurgical treatment is necessary in both cases of primary cranial

trauma (multiple fractures of the cranial base, direct damage of the brain

tissue &/or cranial nerves) or in cases developing secondary cranial

trauma (epidural-, subdural hemorrhage, SAH, IC hematoma, higher

intracranial pressure (HIP).

Attributes of secondary closed TON are swelling edema of the pre-

chiasmal optic nerve, vascular degeneration of retinal ganglion cells,

neurosurgical exploration of optic canal with/out steroids. On the basis of

this pathophysiological theory, our proposal for therapy in closed TON

cases is: complex treatment, namely steroids, diuretics and medication to

improve microcirculation of small vessels of CNS as a combined and

parenteral therapy.

We would like to emphasize the importance of early recognition and

complex (traditional and neurosurgical) treatment of TON, and to

demonstrate it by two instructive neurotraumatological case reports of

children.
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LACK OF STANDARDIZATION IN APPLYING PAINFUL

STIMULI FOR ASSESSING THE GCS

F Reith,1 PM Brennan,2 AIR Maas,1 G Teasdale3

1Department of Neurosurgery, Antwerp University Hospital and

University of Antwerp, Edegem, Belgium
2Department of Neurosurgery, Western General Hospital, Edinburgh, UK
3Emeritus Professor of Neurosurgery, University of Glasgow,

Glasgow, UK

Since its first description (Teasdale and Jennett, Lancet 1974) the

Glasgow Coma Scale (GCS) has been widely accepted for assess-

ment of the level of consciousness. In patients not obeying com-

mands, this assessment requires application of a painful stimulus,

which should be standardized to facilitate reliable interpreta-

tion. Nail-bed pressure and stimulation to the head and neck were

recommended in 1974, but other locations have been suggested

subsequently. To gain understanding of the current variation in

evaluating the GCS, we conducted surveys among neurosurgical

residents and junior neurosurgeons. A total of 100 questionnaires

were returned at international training courses (response rate 93%)

and a web-based survey was conducted in the UK (n = 38), asking

how painful stimuli are applied. Responses to the questionnaires

showed that 72% performed a standardized approach, but that the

type of painful stimulus applied varied substantially. Nail-bed

pressure was often used by about 70% of responders and sternal rub

by 56%. Overall, substantial variation was noted and other locations

often used are: supra-orbital pressure 51%, trapezius or pectoralis

major pinch 38%, retromandibular stimulation 17% and earlobe

pressure 15%. The web-based survey showed a similar preference

for supraorbital pressure (58%) and trapezius or pectoralis pinch

(31%), but nail-bed pressure was never used by 54% of UK trainees.

These results illustrate a general lack of standardization in assess-

ment of the GCS in patients with reduced level of consciousness.

This is likely to confound consistency in findings, to limit their

reliability in clinical care and in research. New standard guidance is

required.
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RECOVERY OF SENSORY-MOTOR FUNCTION OF THE

LOWER LIMBS AFTER COMPLETE PARALYSIS: HOW,

WHY AND WHAT IS TO FOLLOW?

V Reggie Edgerton, Roland R Roy and Yury Gerasimenko

UCLA, Los Angeles, CA and Pavlov Institute, St. Petersburg, Russia

It is well known that the sensory input representing the timing and level

of loadbearing on the lower limbs is an important source of input to the

central nervous system in sustaining postural and locomotor control. The

degree to which this source of input is critical, however, continues to be

not fully realized in effort, to recover motor function after neurol trauma.

Experiments will be described which demonstrate that after complete

paralysis, the return of the experience of bipedal and quadrupedal load-

bearing in response to lumbosacral stimulation can be used to restore

standing after complete paralysis due to spinal cord injury in humans.

Similar results have been achieved in rats, but in addition, full weight-

bearing stepping can also be recovered in the presence of spinal epidural

stimulation and pharmacological modulation largely involving seroto-

nergic agonists. Finally we have observed that a progressive increase of

the level of loadbearing on a daily basis in rats and humans further

enhances the level of recovery of standing potential. The mechanisms of

the recovery of motor function with these interventions are gradually

being formulated from the perspective of how spinal networks can be

fine-tuned to facilitate the performance of a wide range of complex motor

tasks. This fine tuning can be accomplished using a combination of

neuromodulatory interventions, including multiple forms of electrical

stimulation, sensory modulation and pharmacological modulation.
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CORRELATION BETWEEN INTRACRANIAL PRESSURE

AND MEASUREMENT OF OPTIC NERVE SHEATH IN A

SWINE MODEL OF INTRACRANIAL HYPERTENSION

Robson Luis Amorim Brasil Ping Jemg, Almir Ferreira de Andrade,

Wellingson Silva Paiva, Alessandro R Belon, Marcelo Lima de

Oliveira, Maira Azevedo, Edson Bor-Seng-Shu, Eberval Gadelha

Figueiredo, Jose Pinhata Otoch, Manoel Jacobsen Teixeira

Division of Neurosurgery and Laboratory of Surgical Technique

University of Sao Paulo Medical School, Sao Paulo, Brazil

Some studies have shown that the measurement of the optic nerve

sheath (ONS) is correlated to invasive ICP monitoring. However, no

studies have shown to date, if ONS can be useful to monitoring os-

cillations of ICP. Therefore, we aimed to evaluate the correlation of

parenchymal ICP monitoring and the measurement of ONS in a swine

model of intracranial hypertension. Nine piglets were evaluated. After

insertion of a 8Fr urinary catheter in the right parietal lobe and a

parenchymal intracranial pressure monitoring in the right frontal lobe,

a continuous infusion of 0,9% saline through the urinary catheter was

performed to inflate the balloon at the distal tip. In Group A, we

infused 4 ml saline in 15 min; in Group B, an additional 3 ml was

infused over 15 min, 30 min after the first infusion; and in Group C,

7 ml was infused over 15 min. The final stage was the deflation of the

balloon. Along the procedure, 8 measurements of the ONS were done.

In group A, mean ICP was 6.2 (range: - 4.6 – 32 mmHg). In group B,

mean ICP was 19.8 (range: - 2.9 – 50.9 mmHg). In group C, mean

ICP was 42.8 (range: 2.2 – 86.4 mmHg). The mean right ONS was

3.9 mm + - 0.5 (SD) when ICP below 20 mmHg and 4.6 + -
0.65(SD) when ICP above 20 mmHg (p < 0.0001). The mean left ONS
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was 3.9 mm + - 0.3 (SD) when ICP below 20 mmHg and 4.6 + -
0.65 (SD) when ICP above 20 mmHg (p < 0.0001). There was a

moderate correlation between ICP with left and right ONS (r = 0.39,

p = 0.004 and r = 0.38, p = 0.006). This study showed that the mea-

surement of ONS is associated with parenchymal ICP monitoring in a

experimental model.
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CT VENOGRAPHY IS A USEFUL IMAGING MODALITY

FOLLOWING TRAUMATIC BRAIN INJURY

Angelos G Kolias,1 Marek Czosnyka,1 Georgios V Varsos,1 Peter

Smielewski,1 J Nicholas Higgins,2 David K Menon,3 John D Pickard,1

Peter J Hutchinson1

1Division of Neurosurgery, Department of Clinical Neurosciences,

Addenbrooke’s Hospital & University of Cambridge, Cambridge

Biomedical Campus, Cambridge, UK
2Division of Radiology, Addenbrooke’s Hospital, Cambridge

Biomedical Campus, Cambridge, UK
3Division of Anaesthesia, Addenbrooke’s Hospital & University of

Cambridge, Cambridge Biomedical Campus, Cambridge, UK

Multislice CT scanners have made possible the acquisition of veno-

graphic studies that offer an excellent overview of the intracranial

venous sinuses. Post-traumatic dural venous sinus thrombosis (DVST)

is associated with the presence of skull fractures that extend to a

venous sinus or jugular bulb.

In our institution, CT venography is undertaken routinely for head-

injured patients with a skull fracture extending to a venous sinus or

jugular bulb. This policy started in late 2010. Here, we report our

initial experience with 15 consecutive ventilated head-injured pa-

tients.

DVST was identified in 5 patients (prevalence 33%). Three patients

had occlusive thrombosis. The lateral sinuses (transverse and sigmoid)

were implicated in all cases. The CRASH (basic) predicted risk of

mortality (0.21 – 0.1 vs 0.18 – 0.04; p = 0.81) was not different be-

tween the DVST and the non-DVST group; this indicates that the 2

groups were similar with respect to injury severity. Four out of the 5

patients with DVST required advanced measures for ICP control

compared to 4 out of 10 without thrombosis. Digital recordings of

multi-modal neuro-monitoring were available for 10 patients (3 with

DVST). In the DVST group the proportion of total monitoring time

with ICP > 25 mmHg was 0.18 – 0.11 compared to 0.03 – 0.06 in pa-

tients without DVST. Cerebrovascular pressure reactivity was im-

paired in patients with DVST as indicated by higher PRx values

(DVST 0.32 – 0.11, non-DVST 0.05 – 0.03)

Post-traumatic DVST is an under-recognised problem that is poten-

tially associated with raised ICP and disturbed cerbebrovascular

pressure reactivity. Appropriate management strategies need to be

defined.
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NATIONAL STUDY OF CHRONIC SUBDURAL HAEMATO-

MA IN THE UNITED KINGDOM

Angelos G Kolias,1 Ian C Coulter,2 Alexis J Joannides,1 Barbara

Gregson,3 Paul M Brennan,4 Peter J Hutchinson1 on behalf of the

British Neurosurgical Trainee Research Collaborative (BNTRC)
1Division of Neurosurgery, Department of Clinical Neurosciences,

Addenbrooke’s Hospital & University of Cambridge, Cambridge

Biomedical Campus, Cambridge, UK
2Division of Neurosurgery, James Cook University Hospital,

Middlesbrough, UK

3Neurosurgical Trials Unit, University of Newcastle, Newcastle, UK
4Division of Neurosurgery, Western General Hospital & University of

Edinburgh, Edinburgh, UK

Chronic subdural haematoma (CSDH) represents one of the com-

monest disorders in neurotrauma. The BNTRC–a research network for

neurosurgical trainees in the UK (www.bntrc.org.uk)–has undertaken

a prospective study in order to establish contemporary management

and outcomes of patients with CSDH.

All adult patients aged > 16 years with a CSDH are eligible for

inclusion. Data are submitted directly by participating neurosur-

gical units (NSU) to the ORION online secure platform.

Prior to launching the study, national standards were agreed on the

basis of best available evidence. These standards include: 60-day re-

currence rate < 20%; unfavourable modified Rankin Scale (mRS; 4–6)

at discharge from NSU < 30%; morbidity rate in NSU < 10% and

mortality rate in NSU < 5%. As of 30 November 2013, data have been

collected on over 800 patients. Preliminary results indicate that ap-

proximately two-thirds of all patients referred to a NSU are symp-

tomatic and/or have significant mass effect; management of this group

of patients takes place in a NSU. Almost 90% of these patients have a

presenting GCS of 13 – 15. However, approximately 60% have a

presenting mRS of 3 – 5. Burr-hole evacuation is the most frequently

performed operation. Approximately 60% have a mRS 0 – 2 at dis-

charge. Complete results will be presented at the INTS2014.

The neurotrauma community needs to focus its research efforts on this

increasingly common condition. Moreover, trainee research networks

are feasible and we welcome international collaboration to facilitate

development of such networks in other countries (ak721@cam.ac.uk).
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TREATMENT OF MILD TRAUMATIC BRAIN INJURY BY

EPIDURAL SALINE AND OXYGEN INJECTION; PROPOSAL

OF A NEW TREATMENT AND A NEW CONCEPT OF

PATHOGENESIS

Kiyoshi Takagi,1 Kazuyoshi Kato,2 Yoko Kato3

1Department of Neurosurgery, Chiba-Kashiwa Tanaka Hospital
2Department of Surgery, Abiko Seijinkai Hospital
3Department of Neurosurgery, Fujita Health University

Mild traumatic brain injury (mTBI) is still common complication of

minor head injuries. We have reported the limited effectiveness of

epidural blood patching for chronic post-traumatic headache (Eur J

Med Res 12; 249, 2007). We have developed epidural saline and ox-

ygen injection (ESOI) treatment. We investigated the effectiveness of

ESOI for mTBI. We have treated 18 cases fulfilling the diagnostic

criteria of mTBI. They received brain MRI. Lumbar puncture was

performed to measure the intracranial pressure (ICP) and remove ce-

rebrospinal fluid (CSF). ESOI was performed at lumbar level. The

effectiveness was evaluated 3 months after the treatment subjectively in

6 categories; Complete cure (C; return to normal life without head-

ache), Excellent (E; return to normal life with occasional headache),

Good (G; diminished symptoms but still disturbed normal life), Fair (F;

diminished symptoms with recurrence), No (N; no effectiveness), and

Poor (P; worsened). Mean age was 37.8 years old and 17 cases suffered

from traffic accident. MRI did not show responsive abnormalities.

Mean ICP was 160.0 mmH2O. In 14 patients, CSF removal ameliorated

their symptoms such as headache and blurred vision and in one case

improvement of hand movement was observed. The treatment outcome

was as follows: C = 6, E = 4, G = 6, F = 2. No patients worsened.

ESOI can be a new and safe treatment for mTBI. Our results indicate

that the signs and symptoms of mTBI may not derive form brain

damage itself but from disturbed CSF circulation dynamics.
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