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INTRAVENOUS IMMUNOGLOBULIN IN THE THIRD MILLENNIUM: 
FUTURE PROSPECTS

S. Jann

Dipartimento di Neuroscienze, AO Niguarda Cà Granda, Milano

Since the fi rst descriptions in the eighties, intravenous immunoglobulins (IVIg) have been found 
effective in many autoimmune neurological disorders. They are the fi rst line therapy in Guillain Barrè 
Syndrome, Chronic Infl ammatory Demyelinating Polyneuropathy, Multifocal Motor Neuropathy 
and myasthenic crisis.  In addition to these disorders, there is a growing number of neurological 
diseases in which IVIg have been used as second line therapy: infl ammatory myopathies, worsening 
myasthenia gravis, pregnancy associated or post partum relapses of multiple sclerosis. Early 
promising results are emerging for the use of IVIg in other neurological diseases such as Alzheimer’s 
Disease, post polio syndrome, stiff person syndrome, and in severe conditions such as pain and 
fi brosis but these last results need to be fully investigated. 

Neuropathic pain (NP) affect 170 to 270 million individuals globally. NP is causally linked to a 
number of diseases, however diabetes (DPNP), cancer and HIV alone are expected to increase the 
prevalence of NP by more than 10% by 2012. NP is an area of signifi cant and critical unmet need. 
There are no cures for diabetic polyneuropathy and DPNP is diffi cult to treat and often unresponsive 
to all available therapies. Today’s armoury of drugs for the treatment of DPNP shows signifi cant 
reliance on “second-indication” drugs, which were initially developed to treat other primary 
indications (e.g. anticonvulsants, antidepressants). When feasible, treatment should target the cause 
of painful neuropathy. In most cases pain reduction is the only possible option.

Pharmacological treatment of neuropathic pain is unsatisfactory today. At best, patients can hope 
in 30% - 50% pain reduction by using currently available therapies, and a high percentage of patients 
(30% - 40%) either fails to respond to treatment or presents an unsatisfactory response. The immune 
system has been described to play a major role in the manifestation of pain, with immune cells 
being involved in neuronal modulation of pain through release of mediators of infl ammation (1,2). 
Recently some papers have enhanced the overexpression of TNF alpha and other pro-infl ammatory 
cytokines in human painful neuropathies (3,4). Systemic IL-2 and TNF gene expression was about 
twofold higher in patients with painful neuropathy, compared with healthy control subjects.

In contrast, the anti-infl ammatory cytokines IL-4 and IL-10 showed an inverse gene expression 
pattern. Interestingly, these fi ndings were independent of the underlying etiology, infl ammation in 
particular. With this background, it seems reasonable to consider a possible benefi cial effect of IVIG 
in neuropathic pain and therefore clinical studies following this line of rationale have been proposed.

In a recent open study (5) 20 patients were randomly allocated in two arms.
The mean value of pain intensity (VAS) in the IVIG group dropped from 88 at baseline to 49 after 

the fi rst week, and to 28 after four weeks, while values in the control group only slightly changed, 
from 85 to 78 after one week and to 75 after 4 weeks (p< 0.01). Almost 100% of patients reported 
strong/medium pain (SF-MPQ questionnaire) in both groups at baseline, while after 4-8 weeks pain 
was reduced to moderate/light in 90% of patients in the IVIG group whereas no improvement was 
reported in the control group. These results need to be confi rmed in a double blind placebo controlled 
study that is now starting.
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Post-polio syndrome (PPS) is characterized by new muscle weakness, atrophy, fatigue and pain 
developing several years after the acute polio. Some studies suggest an ongoing infl ammation in the 
spinal cord in these patients. From this perspective, intravenous immunoglobulin (IvIg) could be a 
therapeutic option. In a recent study, Farbu E et al (6) showed that patients receiving IvIg reported 
a signifi cant improvement in pain during the fi rst 3 months, but no change was noted for subjective 
fatigue and muscle strength. Similar results were described by Gonzalez et al (7) in 142 patients. It 
is remarkable that pain is the most responsive symptom in these and other studies in PPS. All these 
results need to be confi rmed in larger trials.

Stiff Person Syndrome (SPS) is a relatively rare but often overlooked autoimmune neurological 
disorder that targets antigens within the brain’s inhibitory pathways resulting in incapacitating 
stiffness and spasms that impact on the patients’ quality of life. A signifi cant decline of the stiffness 
scores was found in a randomized trial of 16 SPS patients treated with IVIG (8).

Based on this study IVIG may be considered as a safe and effective second-line therapy for 
patients with SP incompletely responding to diazepam and ⁄ or baclofen and who have signifi cant 
disability requiring a cane or a walker due to truncal stiffness and frequent falls.

Last point to be discussed is the sub cutaneous (SC) administration of Ig. This alternative 
approach, using small portable pumps, has shown many advantages compared with intravenous 
administration. SC therapy has been shown to be safe and it is associated with considerably less 
systemic side effects than intravenous delivery. It also facilitates home therapy and may improve 
life situations for the patients (9).
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LONG TERM ELECTROPHYSIOLOGYCAL FOLLOW-UP IN 
OXALIPLATIN THERAPY

D. Cocito1, Y. Falcone1, P. Racca2, G. Ritorto2, I. Prolasso1, A. Mauro 3

1Dipartimento di Neuroscienze, AOU S.Giovanni Battista di Torino
2Oncologia Medica, AOU S.Giovanni Battista di Torino
3I.R.C.C.S. Istituto Auxologico Italiano, Piancavallo

Objectives

Oxaliplatin (OXL) is a third-generation platinum compounds effective in treatment of advanced 
and metastatic colorectal cancer (CRC); however neurotoxicity is frequent and can be dose-limiting. 
The main objectives of this prospective study were to determine the prevalence of peripheral 
neuropathy (PN) in CRC patients, before OXL therapy, and to defi ne the incidence and characteristics 
of OXL-induced PN. We also investigated the reversibility of the PN after OXL discontinuation and 
the correlation between Total Neuropathy Score (TNSr) and electrophysiological (EDX) fi ndings.

Material and Methods

Forty colorectal cancer patients, scheduled to be treated with OXL, were consecutively enrolled. 
Subjects with known diagnosis of peripheral neuropathy were excluded. Each evaluation included 
a physical neurological examination, scored with TNSr and routinary EDX study, performed for 
motor peroneal, sensory surale and sensory-motor ulnar nerves bilaterally.

In order to facilitate the longitudinal comparison, the following EDX indexes were calculated: 
Sensory Amplitude Score (SAS), Motor Amplitude Score (MAS) e Nerve Conduction Velocity-
index (NCV-index). Patients were investigated at the baseline and after 3 and 6 months. The follow-
up was extended 6 months after therapy completion in patients who developed PN.

Results

At the baseline EDX fi ndings of PN were disclosed in 11 of the 40 patients (27,5%). This patients 
were reassessed after 6 months: no changes occurred, except a slight increase of TNSr value (from 
5,64 to 7,00). Among the others 29 patients, without PN at the baseline, 5 were lost to follow-up. 
After 6 months 13 of 24 subjects (54%) showed EDX evidences of an axonal PN, restricted to 
upper limbs in 5 patients (38%). In this group the mean TNSr was 7,23 (±3,85) and there was 
a signifi cant reduction of NCV-index, ulnar and sural SAS, while the motor nerver were spared. 
To characterize the natural history, these patients were re-evaluatede 6 months after completing 
treatment. All patients manteined EDX evidences of PN and no improvement of clinical or EDX 
indexes was noticed. Moreover we observed a further deterioration of ulnar SAS (p=0,01). At last 
we found that TNSr values signifi cantly correlated with EDX indexes altered in PN patients: NVC- 
index, sural and ulnar SAS. 
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Conclusions

In our study sample we observed a considerable prevalence of PN before chemotherapy. 
Concerning the PN evolution during OXL treatment, surprisingly we didn’t observe signifi cative 
worsening: this suggest that a pre-existing PN should not induce drug abstention. Moreover our 
study confi rms the high incidence of OXL induced PN and documented that is not reversible in 
6 months. Lastly, the correlation observed between TNSr and the EDX fi ndings corroborate the 
reliability of this index for OXL induced PN assessment.
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MICRONEUROGRAPHIC EVALUATION OF SYMPATHETIC ACTIVITY 
IN SMALL FIBER NEUROPATHY 

M.P. Giannoccaro, V. Donadio, V. Di Stasi, F. Pizza, P. Cortelli, A. Baruzzi, P. Montagna, R. Liguori 

Department of Neurological Sciences, University of  Bologna, Bologna

Introduction

Small fi ber neuropathy (SFN) may involve somatic and autonomic fi bers. Assessment of somatic 
epidermal nerve fi ber density (ENFs) is considered the gold standard test in the diagnosis of SFN. 
By contrast, autonomic involvement is more diffi cult to ascertain. 

Objective

We investigate peripheral sympathetic outfl ow by microneurography in patients with 
selective SFN of different origin with and without autonomic symptoms to ascertain the ability of 
microneurography and the corresponding skin organ effector responses (sympathetic skin activity-
SSR and skin vasomotor refl ex-SVR) to disclose autonomic involvement.

Methods

We studied 59 patients with SFN because of reduced leg ENFs and normal conduction 
studies. Thirty patients reported only burning paresthesia (somatic SFN) whereas twenty-nine 
patients complained of additional autonomic dysfunctions (autonomic SFN). They underwent to 
microneurography from peroneal nerve with the recording of muscle sympathetic nerve activity 
(MSNA), skin sympathetic nerve activity (SSNA) and the corresponding SSR and SVR in the same 
innervation fi eld. Thirty age and sex-matched healthy subjects served as controls. 

Results

Autonomic SFN patients mainly complained of loss of sweating. They showed a signifi cant 
absence of indirect (SSR and SVR) and direct (MSNA and SSNA) sympathetic tests compared 
to somatic SFN patients and controls. SSNA, SSR and SVR were more often absent than MSNA. 
In addition, SSR and SVR were absent in all patients with no recordable SSNA but no signifi cant 
relationship was found with MSNA recording.

Conclusions

SSR and SVR, simple indirect tests of sympathetic activity, could help to disclose autonomic 
involvement in SFN with a good sensitivity as microneurography which additionally contribute to 
express the extension of autonomic involvement. Our data pointed out that the skin sympathetic 
branch is more often involved than the muscle sympathetic branch in SFN. 
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INTRAOPERATIVE NEUROPHYSIOLOGY IN SPINE AND SPINAL 
CORD SURGERIES

P. Costa

Section of Clinical Neurophysiology, CTO Hospital, Torino

Spine and spinal cord surgery carries a signifi cant risk of neurological impairment. The incidence 
of severe post- operative neurologic sequelae has been reported to be 0.46% for anterior cervical 
discectomy, 0.25–3.2% for scoliosis surgical correction and 23.8–65.4% for intramedullary spinal 
cord tumor surgery. The etiology of neurological damage during spine or spinal cord surgery includes 
direct or indirect trauma to neural elements, ischemia, compression, overdistraction, intraoperative 
or postoperative hypotension, bleeding or metabolic imbalances. During time, intraoperative 
neurophysiologic techniques have been introduced with the aim of identify any change at a still 
reversible stage, permitting a prompt correction of the cause avoiding permanent neurological 
impairment.

1. Somatosensory Evoked Potentials (SEPs)

SEPs depend on the functional integrity of the rapidly conducting, large-diameter group IA 
muscle afferent fi bers and group II cutaneous afferent fi bers, which travel in the posterior column of 
the spinal cord. In the past, SEPs data have been extrapolated to assess the functional integrity of the 
upper motor neuron tracts. However, due to the anatomical separation and different vascular supply 
of the two systems, selective injury to one or the other can occur. Several reports have documented 
the inadequacy of SEPs when assessing motor pathway functional integrity in the spinal cord. 
However SEPs monitoring do retain a great value in assessing dorsal column function, such as 
proprioception, which is of paramount importance even for locomotion. In intramedullary spinal 
cord tumor surgery, SEPs recorded from dorsal columns using an electrode array (or, alternatively, 
recorded “antidromically” from nerve following dorsal columns stimulation) can be used in order to 
locate the physiological midline and therefore to reduce injury to the posterior columns.

2. Motor Evoked Potentials (MEPs) 

Two methodologies have been developed to elicit MEPs from muscles (m-MEPs) or spinal cord 
(e-MEPs: epidural motor evoked potentials) by transcranial electrical stimulation (TES): 

• recording of m-MEPs elicited by a short train of electrical stimuli (multipulse technique);
• recording the D wave directly from the epidural space (e-MEPs and D wave are used as 

synonyms) evoked by a single electrical shock (single pulse technique).

2.1. Multipulse technique
The motor cortex can be stimulated in the anesthetized subject by short, high frequency trains 

of electrical stimuli applied transcranially, producing several cortico-spinal volleys that combine to 
depolarize spinal motor neurons in order to generate m-MEPs. The responses can be easily recorded 
from the muscles without averaging: m-MEPs allow for the evaluation of motor system from the 
cortex down to the neuromuscular junction and consent the assessment for an individual limb. 
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Stimulation is delivered by an internal or external constant voltage or constant current stimulator 
through cork-screwelectrodes placed on the skull according the 10/20 EEG system. Generally the 
montage is C3-C4 to elicit responses from hand muscles and C1-C2 for lower limb. However a 
complete montage including Cz and Fz is recommended in order to choose the best-individualized 
combination to obtain high amplitude responses in target muscles and to avoid excessive muscular 
twitches, which may interfere with the surgical maneuvers. Stimulus duration range from 50 to 
700 μs, number of pulses from 3 to 9 (generally 5) and the interstimuls interval from 2 to 4 ms 
(the optimal ISI, however, is thought to be 4 ms). Generally m-MEPs are recorded with monopolar 
needle electrodes placed in appropriated muscles in a belly-tendon montage, using a time base of 80-
200 ms and a bandwidth of 10-100/500-2000 Hz. The correct selection of target muscle is crucial, 
particularly in compromised patients: the small hand muscles and the abductor hallucis are optimal 
muscles because of their rich corticospinal tract innervation.A combination of propofol and opiate, 
with total intravenous anesthesia and target-controlled infusion has proved to be suitable for m-MEPs 
recording. No muscle relaxants are generally used after induction and intubation. Different warning 
criteria for have been proposed, ranging from changes in the thresholds that elicit muscle MEPs 
to the pure presence or absence of responses, amplitude variation, and a combination of change 
in threshold and amplitude variation. The “yes/not” criterion is the best choice when a combined 
recording of epidural D wave is possible. If only m-MEPs are recorded probably a signifi cant 
reduction in amplitude and complexity of responses persistent in time should be considered as a 
warning sign. 

2. 2. Single pulse technique
A single electrical pulse produces a corticospinal D wave from direct cortical neuron axonal 

depolarization that can be recorded in the spinal epidural space: the D wave amplitude is a direct 
measure of the number of functioning fast-conducting fi bers in the corticospinal tracts. Since no 
synapses are involved between the stimulating and the recording site (the proximal axon of the 
cortical motoneuron is stimulated and the recording site is located caudal to the lesion site but 
cranially to the synapses at the α-motoneuron), the D wave has been considered the gold standard 
in the assessment of the integrity of the corticospinal tract. A single stimulus applied transcranially 
trough the same electrodes used for eliciting m-MEPs evokes the D wave. The stimulus duration 
used range from 50 to 700 μs and longer, even if the optimal stimulus duration is thought to be 500 
μσ because allows for the quicker recovery of each consecutive D wave amplitude. The D wave is 
recorded by three- or four-contacts epidural electrodes inserted above and below the site of surgery 
through the laminectomy, a fl avectomy, or even percutaneously.

Although single traces can be monitored, generally few responses (2-10) are averaged in order to 
obtain a better signal/noise ratio. Timebase is generally 10-50 ms and low frequencies are generally 
cut in order to reduce stimulus artifact. The D wave amplitude progressively decreases, with larger 
values (up to 80-100 μV) at a cervical level; similarly its latency increases rostro-caudally (from 2.5 
ms at cervical level to 9 ms at low thoracic level).

2. 3. Relevance of combined recording of D wave and m-MEPs
The information provided by e-MEPs and m-MEP is complementary. The D wave is in fact 

generated by the direct activation of the axons of fast conducting fi bres of the cortico-spinal tract. 
As m-MEPs generation depend by the excitability of facilitatory cortical motor neurons, beyond the 
spinal cord conductivity and the excitability of lower motoneurons, they represent the correlate of 
not only the cortico-spinal, but also of the non- corticospinal tract motor pathways. Indeed, muscle 
MEPs may be completely lost during surgery for intramedullary spinal cord tumors but, if the D 
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wave amplitude is either stable, or decreased by less than 50%, then although the patient will present 
additional transient motor defi cit postoperatively, motor strength will be recovered in terms of post-
surgery hours or days. This phenomenon has been defi ned as “surgically induced transient paraplegia” 
and is probably due to the reversible inactivation of non-corticospinal descending tracts and the 
propriospinal system, whilst fast-conducting corticospinal fi bres are mostly preserved. Combined 
recording of e-MEPs and m-MEPs not only should be considered mandatory in IMSCT surgery, 
but that it should also be attempted in other types of spine and spinal cord surgical procedures, 
particularly for compromised patients with absent, or poorly defi ned muscle MEPs.

3. Spinal cord stimulation techniques

All of these methods have been developed before the introduction of MEPs with the aim of 
evaluating the functional integrity of the spinal cord long pathways. After the demonstration of their 
unspecifi city, these techniques has been generally abandoned, but retain some value in case of severe 
preexisting neuropathology, or in research settings.

The “spinal cord-to-spinal cord” technique consists in the spinal cord stimulation and recording 
with an epidural electrode; the stimulation can be performed cranially and recorded caudally or vice 
versa. The recorded potentials are very robust and most likely represent the combined activity of 
the dorsal columns (DCs), the CTs, and other tracts of the spinal cord.In the “spinal cord-to-nerve” 
technique the spinal cord is electrically stimulate with trans-laminally-placed electrodes in order to 
elicit potentials that are then recorded from the peripheral nerves. Although these responses have 
been named “true neurogenic MEPs”, it’s now clear that they are not generated from the motor 
pathways, but instead represent antidromic potentials from the dorsal columns.The “spinal cord-
to-muscle” is a method whereby compound muscle action potentials are recorded after electrical 
stimulation of the spinal cord. Although this method has been referred to as “myogenic MEPs”, it is 
still unknown whether or not myogenic MEPs are generate from cortico spinal tract activity.

In the “spinal cord-to-scalp” method the spinal cord or the caudaequina are intraoperatively 
stimulated in order to record SEPs from the scalp. SEPs obtained by this method have higher 
amplitudes than peripheral-nerve-elicited SEPs because the entire afferent input from the lower 
limbs is activated. It is also detectable an early potential, which appeared before cortical SEPs, that 
could be generated from the antidromic activation of the cortico spinal tract.

4. Conclusions

A wide array of neurophysiologic techniques is actually available in order to reduce iatrogenic 
injuries during spine and spinal cord surgeries. The combined recording of SEPs and MEPs allow 
for the functional assessment of different systems with different vascularizarion. Whe never possible 
muscle and epidural motor evoked potentials should be recorded in order to provide a better prognosis 
about motor outcome. Spinal cord stimulation techniques can be useful in compromised patients 
with absent or poorly defi ned SEPs/MEPs. Intraoperative neurophysiology has to be considered as 
a standard of care in spine and spinal cord surgeries. 

Libro_riassunti_c12.indb   21Libro_riassunti_c12.indb   21 14/09/11   14:4814/09/11   14:48



Libro_riassunti_c12.indb   22Libro_riassunti_c12.indb   22 14/09/11   14:4814/09/11   14:48



23

NEUROPHYSIOLOGICAL FOCUS ON CAUDA SURGERY 

U. Del Carro

Department of Neurology, Institute of Experimental Neurology, Scientifi c Institute San Raffaele Milan

Intraoperative neurophysiological monitoring already has something as a tradition for using 
surgery involving the spinal cord, the conus medullaris and the cauda equina. In neurosurgery, the 
frequent operations for dysraphic conditions summarized as “tethered cord” surgery and the removal 
of intradural tumors of the lower spinal canal require the use of intraoperative neurophysiological 
techniques to map functional structures and monitor the functional integrity of the pathways. 
Somatosensory evoked potentials (SSEPs) have been used to monitor spinal surgery since their 
intraoperative use was fi rst reported in 1977. The recording of SSEPs refl ects the integrity of spinal 
cord white matter, but there are no information about the condition of the spinal cord gray matter and 
mixed-nerve SSEPs that are neither specifi c nor sensitive to individual nerve root function. 

Intraoperative SSEPs have been used to monitor lumbosacral nerve root function as a means of 
preventing neural defi cits, determining adequacy of decompression and as a means of predicting 
postoperative outcome. Studies have been performed with peripheral mixed-nerve stimulation. Since 
multiple nerve roots contribute to the cortical SSEP it is possible to damage one nerve root without 
a signifi cant change in the cortical potentials. Due to the development of transcranial stimulation 
of the motor cortex, a variety of electrical and magnetic stimulation techniques have been used 
intraoperatively. 

These motor techniques provide information about long-tract function, but also provide some 
information regarding segmental interneurons and anterior gray matter function. Since transcranial 
electrical stimulation activates from 3.1 to 3.9% of the motor units, this technique results in 
conduction only in a few of the motor axons in the motor nerve root and using this technique 
would not determine what is happening in the remaining of the 96.9 to 96.1% of the motor axons. 
Therefore, free-run EMG, electrically-triggered EMG and refl exes techniques have been utilized to 
monitor motor nerve root and spinal cord function. The technique used depends upon what systems 
are being monitored (i.e., somatosensory evoked potentials, motor evoked potentials, F-responses, 
H-refl exes, free-run EMG and electrically-evoked EMG). 

In order to record EMG activity intraoperatively it is critical that the anesthetic technique does 
not inhibit the activity of the spinal interneurons and the alpha motor neurons. Also, adequate 
neuromuscular junction (NMJ) transmission must be present in order to record EMGactivity. 

The TOF technique is most often used for determining the degree of neuromuscular blockade 
in the operating room. With TOF stimulation each stimulus in the train causes the contraction of 
the muscle (T1, T2, T3, T4). Fade of the amplitude of each of the last 3 responses in relation to the 
amplitude of the fi rst response is the basis for evaluation. 

Free-run EMG recordings are used to detect motor nerve root mechanical activation. Spinal 
nerve roots are more susceptible to injury than are peripheral nerves. 

A normal free-run EMG response is the absence of activity. The fi ring pattern consistent with 
pre-existing nerve root irritation consists of spontaneous activity characterized by low-amplitude, 
periodically-occurring activity that resembles positive waves and fi brillation potentials. Fasciculation 
potentials may also be recorded, and may be normal or may be secondary to nerve root irritation. 
Pathologically signifi cant mechanically-elicited activity can be characterized as: (1) phasic or a 
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burst pattern consisting of a single potential or non-repetitive asynchronous potentials which are 
often complex and polyphasic in confi guration; and (2) tonic or train activity consisting of periods of 
prolonged multiple or repetitive synchronously-grouped motor unit discharges that last up to several 
minutes. Burst potentials rarely represent neural insult, while repetitive discharges are associated 
with a more serious pathology and may represent neural injury. Burst potentials are associated 
with direct nerve trauma such as tugging and displacement, free irrigation and electrocautery. Train 
activity is commonly related to sustained traction and compression. 

When these patterns occur, the surgeon should be notifi ed so that corrective measures can be 
instituted. For lumbosacral (L2–S2) nerve root monitoring, the vastus medialis, tibialis anterior, 
peroneus longus and medial head of the gastrocnemiusmuscles can be used.

Motor root mapping is used to electrophysiologically identify nerve roots and thus distinguish 
them from fi brous scar tissue and to identify nerve roots that may be closely attached to other 
structures such as the fi lum terminale or tumor tissue. This allows safe transsection of fi brous 
tethering structures while ensuring that optimal untethering is accomplished and at the same time 
preserving functional nerve roots. 

Intraoperative identifi cation of motor nerve roots of the cauda equina is accomplished by direct 
electrical stimulation of the pertinent structure with a handheld monopolar stimulator or with a 
bipolar stimulation forceps. Recording from the segmental target muscles reveals the EMG responses 
in muscles supplied by the stimulated nerve root. With plexus tumors or traumatic lesions, nerve root 
stimulation can help to determine which neural structures have continuity peripherally. 

The dorsal penile/clitoral nerve is stimulated over two surface electrodes. In males, the electrodes 
are placed on the dorsum of the penis; in females, the cathode is placed over the clitoris and the 
anode on the adjacent labium on one side. Recordings are obtained from the external anal sphincter 
muscle with wire or needle electrodes. 

Because the BCR is an oligosynaptic refl ex, it is sometimes diffi cult to obtain under general 
anesthesia particularly when volatile anesthetics are used. Therefore, the same anesthesia regimen 
as has been outlined for MEP monitoring must be used when BCR monitoring is desired. Temporal 
summation is necessary to elicit the BCR under these conditions. 

This is achieved by double stimulation or is optimal with a short train of fi ve stimuli not unlike 
cortical stimulation to elicit MEPs. 

The presence of the BCR during surgery indicates intact sphincter control. Intraoperative loss of 
BCR indicates at least transient loss of sphincter control. 

However, intraoperative BCR data and their correlation to long-term sphincter control, sphincter-
detrusor dyssynergia, and sexual function still need further investigation.

During surgery for cauda equine, i.e. release of a tethered cord, removal of tumors from the conus 
medullaris surgery for selective dorsal rhizotomy, intraoperative neurophysiological monitoring 
provides accurate and practical means for identifying neural structures and for preserving its 
functionality.
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NORMAL LATERAL INHIBITION MECHANISM DURING SENSORY-
MOTOR PLASTICITY IN DYSTONIA

T. Brizzi, V. Rizzo, C. Terranova, F. Morgante, L. Ricciardi, P. Girlanda, A. Quartarone

Policlinico G. Martino Università di Messina

Background

Several evidence suggest that lateral inhibition is a system within sensory-motor cortex operating 
during the acquisition of new motor tasks in order to select the appropriate muscle sequence to be 
stored within the fi nal motor engram.

This mechanism is thought to be lost in dystonia and this should explain the development of 
redundant motor memories which could culminate in overfl ow phenomena and overt dystonia.

Objectives

To explore if sensory information is processed and integrated during sensory-motor plasticity 
phenomena by using lateral inhibition mechanisms in normal humans and in patients with dystonia.

Methods

We have used transcranial magnetic stimulation to explore lateral inhibition during sensory-
motor plasticity in 12 dystonic patients and in 8 healthy subjects. In particular we looked at motor 
evoked potential (MEP) facilitation, in the abductor pollicis brevis (APB) and abductor digiti minimi 
(ADM), obtained after 5 Hz repetitive paired associative stimulation after median (PAS M), ulnar 
nerve stimulation (PAS U) and median+ulnar nerve (PAS MU) stimulation. Moreover, we evaluated 
the lateral inhibition index (LI index).

Results

Our data confi rmed that patients with dystonia had two main abnormalities: fi rst the amount of 
facilitation was larger than normal subjects; second and more important the spatial specifi city was 
lost. Lateral inhibition index was similar in healthy subjects and dystonic patients.

Conclusions

These data suggest that lateral inhibition is normal in dystonia during sensory-motor plasticity. 
Another mechanism could contribute to the formation of motor memories with redundant information, 
which could culminate in overt dystonia.
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CATHODAL TDCS HAS A LONG-LASTING INHIBITORY EFFECT ON 
PRIMARY MOTOR CORTEX EXCITABILITY

F. Capone1, F. Ranieri1, A. Uncini2, L. Santoro3, F. Notturno2, M. Capasso2, M. Pace2, F. Manganelli3, 
R. Iodice3, C. Pisciotta3, M. Dileone1, V. Di Lazzaro1

1Institute of Neurology, Università Cattolica, Roma
2Department of Neuroscience and Imaging, Università “G. d’Annunzio” Chieti-Pescara
3Department of Neurological Sciences, Università Federico II, Napoli

Introduction

Transcranial direct current stimulation (tDCS) can be used to modulate non invasively the 
excitability of the intact human brain. Cathodal tDCS applied to the primary motor cortex (M1) has 
an inhibitory effect on cortical excitability that outlast the period of stimulation, however the time 
course of this after-effect has not been studied extensively.

Objectives

To explore the time course of the effect of cathodal tDCS on stimulated and contralateral M1.

Methods

Cathodal tDCS (1 mA, 20 min) was applied to right M1 in 30 healthy volunteers: the excitability 
of stimulated and contralateral M1 was tested by recording motor evoked potentials (MEPs) to single 
and paired pulse transcranial magnetic stimulation (TMS). The following TMS parameters were 
evaluated before and at different time points after the end of stimulation: resting motor threshold, 
active motor threshold, MEP amplitude, short latency intracortical inhibition, and intracortical 
facilitation; MEP study was extended up to 24h after the end of tDCS. The effect of tDCS on TMS 
parameters was also correlated with BDNF polymorphism.

Results

MEPs were signifi cantly suppressed on the stimulated M1 at all time points (immediately, 30 
min, 3h, 6h and 24h) after tDCS compared to baseline: MEP amplitude was reduced of about 32% 
immediately after tDCS  (P<0.001) and of about 20% at 24h after tDCS (P<0.05). We did not 
observe signifi cant variations of MEPs on the contralateral M1 and of the other TMS parameters on 
both hemispheres.

Conclusions

Cathodal tDCS has a long-lasting inhibitory effect on cortical excitability that can persist at 24 
hours after stimulation.
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DRUG-INDUCED CHANGES IN CORTICAL INHIBITION IN 
MEDICATION OVERUSE HEADACHE
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Terracina, LT, “Sapienza” University of Rome Polo Pontino
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4 Don Carlo Gnocchi Onlus Foundation, Rome
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Background

We studied brain inhibitory cortical responses in patients affected by chronic headache related to 
medication overuse (MOH), compared to healthy volunteers (HV) and episodic migraineurs (MO), 
and investigated whether these responses change according to the drug of abuse.

Subjects and Methods

We studied 40 patients affected by MOH related to either triptans alone, non-steroidal anti-
infl ammatory drugs (NSAIDs), or both medications combined, 12 MO patients and 13 HV. For each 
subject we assessed the silent period using high-intensity transcranial magnetic stimulation (TMS) 
over the primary motor cortex and recording EMG activity form contracted perioral muscles.

Results

In MOH patients overusing triptans the silent period was shorter than in HV (44.7 ± 14.2 vs 
108.1 ± 30.1 ms), but similar to that reported in MO (59.9 ± 30.4 ms); in patients overusing NSAIDs 
alone or triptans and NSAIDs combined duration of silent period was within normal limits (80.6 
± 46.5 and 103.9 ± 47.2 ms). Conclusions: In patients affected by MOH the cortical silent period 
differs according to the type of medication overused. Compared with episodic MO, MOH patients 
overusing NSAIDs have an increase in cortical inhibitory mechanisms, while those overusing 
triptans have no signifi cant change in cortical inhibition. We hypothesize that medication-induced 
changes in central serotonin neurotransmission might be responsible for the neural adaptation 
underlying these fi ndings.
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EFFECTS OF CEREBELLAR TDCS ON IMPLICIT LEARNING

R. Ferrucci1,2, G. Giannicola1, M. Rosa1, M. Vergari3, M. Fumagalli1,2, F. Mameli1, S. Barbieri3, 
A. Priori1,2

1 Centro Clinico per la Neurostimolazione, le Neurotecnologie ed i Disordini del Movimento Fondazione 
IRCCS Cà Granda Opedale Maggiore Policlinico, Milan

2 Dipartimento di Scienze Neurologiche, Università degli Studi di Milano, Milan
3 UO Neuropsicopatologia Fondazione IRCCS Cà Granda Opedale Maggiore Policlinico, Milan

Aim of the study

Claims that the cerebellum contributes to cognitive processing in humans have arisen from 
both functional neuroimaging and patient studies. These claims challenge traditional theories of 
cerebellar function that ascribe motor functions to this structure. Increasing evidence suggests 
cerebellar involvement in procedural learning.

The aim of the present study was to investigate the infl uence of cerebellar transcranial direct 
current stimulation (tDCS) on implicit learning in a group of normal subjects performing a Serial 
Reaction Time Task (SRTT).

Methods

Twenty healthy right-handed volunteers (aged 20-49 years; 12 women - 9 men) participated in 
the study. All participants underwent a SRRT before and after tDCS. The SRRT is one of the most 
commonly used tests to study procedural learning. In the SRTT, subjects make speeded key press 
responses to visual cues. Unbeknownst to subjects, a specifi c sequence is embedded and repeated. 
Reaction times typically become faster with repetition, only to slow down when a novel stimulus 
order is introduced. Because many subjects fail to notice the sequence, performance on the SRTT is 
often considered a measure of implicit learning.

Three stimulation modalities, anodal, cathodal, and sham (i.e. placebo) tDCS, were tested in 
random order, in three separate experimental sessions held at least 1 week apart and were presented 
in counterbalanced order across subjects, as described elsewhere. For each experimental session we 
administered the VAS and the SRRT, twice in all subjects: at baseline and 35 minutes after tDCS 
ended.

Results

When we tested how tDCS affected RTs of  procedural learning across the blocks, we found that 
RTs decreased signifi cantly only after  anodal and cathodal (anodal, p=0.006; cathodal, p=0.046); 
whereas RTs after sham remained unchanged (sham, p=0.094). Post hoc analysis disclosed that 
anodal tDCS reduced RTs  in all blocks except two and cathodal tDCS reduced RTs only in the fi rst 
three blocks. The data analysis testing the accuracy of the answers given no changes for any of the 
stimulation (anodal: p=0.56; cathodal: p=0.28; sham: p=0.56).
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Conclusions

The main result of the present study is that cerebellar tDCS modulates procedural learning as 
measured with the SRTT. In particolar Anodal tDCS  produces a signifi cant decrease of procedural 
learning. These results suggest that the cerebellum could play a critical role in sequence implicit 
learning. In this context, tDCS can represent a new tool in the study of cerebellar functions.
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EFFICACY OF BOTULINUM TOXIN TYPE A IN THE TREATMENT OF 
UPPER ARM SPASTICITY SECONDARY TO CNS INFLAMMATORY 
DISEASE

C. Butera, R. Guerriero, S. Amadio, F. Bianchi, D. Ungaro, H. Tesfaghebriel, O. Vimercati,
V. Di Stefano, G. Comi, U. Del Carro

IRCCS San Raffaele, Milano

Introduction

Spasticity is a motor disorder characterized by a velocity-dependent increase in tonic stretch 
refl exes with exaggerated tendon jerks. Botulinum toxin type A (BT-A) is considered safe and 
effective in treating upper limb spasticity after stroke or cerebral infantile palsy.

Objective 

To verify and confi rm whether BT-A treatment is safe and usefull for reducing upper limb 
spasticity due to primary or secondary progressive Multiple Sclerosis or to other CNS infl ammatory 
diseases too.

Materials and methods

We studied 2 randomized groups each one of 7 patients affected by CNS infl ammatory disease 
conditioning an  upper limb spasticity. They were treated respectively by BT-A or placebo, in a 
double blind way. Clinical scales were administered (Ashworth, MAS, DAS) at T0 (pre treatment), 
T1 (after 6 weeks), T2 (after 12 weeks). All patients performed two weeks of intensive physiotherapy.

Results

We observed an improvement of all clinical scales administered in all patients after 6 and 12 
weeks since treatment session. The upgrading of clinical score was prevalent in the botulinum toxin 
group; in particular the clinical score of disability (DAS) is reduced  more in the BT-A group than in 
the placebo group (38% BT-A group vs 18% placebo group).

Conclusions

BT-A is effi cacy and safe in upper limb spasticity due to CNS infl ammatory diseases: disability 
improvement is higher in patients treated with BT-A plus physiotherapy than in patients that 
performed only physiotherapy. 
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TREATMENT OF UPPER LIMB ACTION TREMOR WITH BOTULINUM 
TOXIN

M. Esposito, C. Crisci, L. Santoro

Neurological Sciences Department, Federico II University Naples

When the tremor occurs mainly on posture and during movement is defi ned action tremor. Most 
of the disorders presenting with action tremor do not have a brilliant cure for it [1]. Botulinum 
toxin has been reported to be sometimes helpful in the treatment of tremors but does not have a 
proper indication yet [2-3]. We describe the treatment of  some action tremors of various origin with  
botulinum toxin . Four patients were studied with the neurophysiological tremor analysis before 
and after the treatment with  botulinum toxin type A (BTX A) under EMG guidance. Two patients 
presented a dystonic tremor of upper limbs and two had an Holmes’ tremor.  A multichannel EMG 
recording showed the pattern of muscle activation and spectral frequency analysis was obtained 
using an accellerometer. In each case the neurophysiological assessment showed the involvment of 
both proximal and distal muscles during the tremor with a main proximal componet during voluntary 
movement. Thus  patients were injected most in proximal muscles (teres major, teres minor, biceps 
and triceps) with the EMG guidance with botulinum toxin type A (500U.I. Dysport, 200 U.I. Botox/
Xeomin). Three patients had a good response in reducing the tremor confi rmed by tremor analysis, 
two of them affected by dystonia referred to improve especially in doing fi ne movements. One 
patient presenting Holmes’ tremor reported severe weakness and only mild tremor reduction that did 
not improve voluntary movements. In conclusion BTXA can be a useful tool for the treatment of 
action tremor especially by the injection of proximal muscles in dystonic tremor.
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CONTROVERSIE IN NEUROFISIOLOGIA: 
IL QST PUÒ SOSTITUIRE LA NEUROFISIOLOGIA NELLA 
VALUTAZIONE DEL SISTEMA SENSITIVO? SI

V. Provitera

Fondazione Maugeri Reparto RRF Telese Terme (BN)

Assessment of sensory function is part of neurologic examination and is usually carried out using 
a tuning fork and tools as simple as a needle or a cotton swab.

This approach is useful for bedside gross screening of sensory function abnormalities or to 
localize the level of sensory loss in spinal cord lesions, but is unable to detect more subtle changes, 
to make a quantitative assessment of the sensory failure and to characterize it in relation to multiple 
sensory modalities.

The quantitative sensory testing (QST) represents the evolution of standard bedside sensory 
evaluation. It is composed by a series of tests which number and characteristics vary depending on 
the protocol used.

The main carachteristic of QST is that the sensory pathway is activated using physiologic stimuli 
(cold, warm, touch, vibration, pin-prick) and that the properties (intensity and temporal and spatial 
characteristics) of the stimuli delivered are precisely defi ned.

The obvious weakness of QST lies in its psychophysical nature. As other tests QST is based on 
the delivery of a stimulus and on the recording of a response.

We can be extremely accurate in determining the characteristics of the stimulus but the recording 
of the response depends on the cooperation of the subject to be tested and its ability to use instruments 
such as buttons or other devices.

So psychic or physical disability or the scarce concentration of the subject (not to mention 
malingering) can affect QST results.

Apart from this limitation that can be, at least partially, overcome using a carefully standardized 
approach and alternating true and sham stimuli, QST has solid advantages compared to standard 
neurophysiological tests and has demonstrated a sensitivity comparable to laser evoked potentials to 
detect small fi ber neuropathy in patients affected by diabetes mellitus. 

The routine electrophysyologic evaluation of sensory nerves, explores exclusively large fi bers. 
Using laser evoked potentials (LEPs) it is possible to study the function of small sensory fi bers (Aδ 
and C) but this technique is not available in all laboratories, and recordings of C-related LEPs after 
limb stimulation are probably still technically too diffi cult to be applied in a clinical setting.

QST can explore, on the contrary, the function of all types of sensory fi bers (Aβ, Aδ and C) using 
physiological stimuli for each nerve fi ber population. In fact, each sensory modality is preferentially 
mediated by specifi c receptors and their associated afferences, and the accurate evaluation of the 
affected modalities can suggest the selective involvement of a subtype of sensory fi ber.

In other words, the evaluation of a peculiar pattern of sensory impairment can point toward the 
mechanism that likely underlies the neuropathic process.

Following this idea, in the last years the German research network on neuropathic pain has 
developed and used on large scale a QST protocol including the evaluation of 13 parameters 
(including detection and pain threshold for thermal stimuli, detection threshold for touch and 
vibration, and tests for mechanical pain sensitivity).
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Using this protocol to study patients affected by neuropathic pain, they have identifi ed different 
sensory profi les, corresponding to different putative mechanisms underlying the pain reported by 
these patients: in case of central and peripheral sensitization the sensory profi le is oriented toward 
a gain of function (thermal and mechanical hyperalgesia, allodynia), while in case of peripheral 
deafferentation the profi le is oriented toward a loss of function (thermal and tactile hypoesthesia, 
hypoalgesia).

In conclusion QST is an useful tool to complement the electrophysiological evaluation of 
sensory system and it appears more suitable than electrophysiology to help in the comprehension of 
the pathogenesis of sensory symptoms and potentially to identify therapeutic strategies based on the 
mechanism underlying the symptoms rather than the symptoms themselves.
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DEFECTIVE VISUAL SYSTEM INHIBITION IN PHOTOSENSITIVE 
PATIENTS WITH IDIOPATHIC GENERALIZED EPILEPSY

G. Strigaro, P. Prandi, C. Varrasi, F. Monaco, R. Cantello

Department of Clinical and Experimental Medicine, Section of Neurology, University of Piedmont 
East, “A. Avogadro”. Novara

We investigated the visual system physiology in photosensitive patients with idiopathic 
generalized epilepsy by means of the paired-pulse fl ash-evoked potential (paired F-VEP) 
technique. We studied 19 photosensitive patients currently treated with antiepileptic drugs, who 
however showed a photoparoxysmal EEG response (PPR) (16 females, mean age 27.7 ys; SD 
7.4). Twenty-two normal subjects of similar age and sex acted as controls (17 females, mean 
age 23.3 ys; SD 2.1). We recorded F-VEPs from occipital and central electrodes. Stimuli were 
single fl ashes, intermingled at random to fl ash pairs at the interstimulus interval (ISI) of 333, 
125, 62.5, 50, 33 and 16.5 ms. That is, the internal frequency of the pair was 3, 8, 16, 20, 30, 
and 60 Hz, which had a special interest in relation to the PPR. Recordings were done both with 
closed and open eyes. The single F-VEP was split into a “main complex” (50 to 200 ms after the 
fl ash) and an “afterdischarge” (200 to 400 ms after the fl ash). Of these epochs, the maximum 
peak-to-peak amplitude and the RMS values were considered, respectively. For the single F-VEP, 
we also measured the latency of the main positive peak. As to paired stimuli, the “test” F-VEP 
emerged from electronic subtraction of the single F-VEP to the paired F-VEP, and its size was 
expressed as conditioned/unconditioned F-VEP * 100. Grouped data were analyzed by means 
of non-parametric ANOVAs. In patients, the single F-VEP showed some enhanced components 
in the early segment of the “main complex”, but no latency differences. Then, the “test” F-VEP 
behaved differently than controls. This effect was much prevailing in the “eyes-closed” condition, 
when the normal inhibition of the “main complex” was abolished, particularly at the ISIs of 62.5, 
50 and 33 ms, i.e. at the internal frequency of 16, 20 and 30 Hz. The “afterdischarge” reacted in 
a similar way, with loss of the normal inhibition at roughly the same ISIs. We then split patients 
in a subgroup with a posterior PPR, and another with a widespread PPR. In the former, impaired 
inhibition was evident over the occipital region only, whilst in the latter it also involved the central 
areas. We thus document a form of defective inhibition in the visual system, which may have a 
strong physiological connection to the PPR origin. 
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EXPANDING THE BOUNDARIES OF CLINICAL NEUROPHYSIOLOGY 
WITH TRANSCRANIAL BRAIN STIMULATION

J.C. Rothwell

UCL Institute of Neurology, London, UK

Transcranial magnetic stimulation (TMS) and transcranial direct current stimulation (TDCS) are 
the most important methodological advances in clinical neurophysiology since the advent of EEG. 
Like EEG, TMS and TDCS give us information about the activities, connectivity and behavioural 
consequences of interconnected populations of neurones. Indeed, combining these methods with 
other methods of imaging evoked activity in the brain, such as EEG, NIRS and fMRI, increases 
their potential far beyond the motor cortex where much of the initial work was done. Unlike imaging 
methods however, both TMS and TDCS are capable not only of probing brain activity but also of 
infl uencing patterns of activity for many minutes or hours after stimulation, through their effects 
on LTP- and LTD-like plasticity. This fi nding has led to a huge interest in the potential therapeutic 
applications of these methods, particularly in rehabilitation medicine.

TMS and TDCS have had enormous impact on studies of both the healthy brain and the 
pathophysiology of many neurological diseases. I shall illustrate this with two new fi ndings in the 
fi eld of movement disorders.

Experiments in animals have shown that synaptic plasticity is controlled by several mechanisms. 
Thus, the ease with which it is possible to produce LTP/LTD depends on the previous history of 
activity in the system such that LTD is easier to produce after a history of high activity and LTP after 
a history of low activity. This type of control is often termed homeostatic plasticity. A second type 
of control determines how long the LTP/LTD may last. Depotentiation/de-depression describes 
a mechanism by which changes in plasticity that have been induced by successful protocols are 
abolished by a second protocol. Thus a high frequency conditioning protocol might induce LTP which 
would then be abolished by subsequent application of a short period of low frequency stimulation. 
Importantly, the latter would have no effects on LTP/LTD when applied alone. Data show that the 
ease of reversing LTP/LTD is greatest if the reversing paradigms are applied immediately after the 
initial plasticity protocol and become gradually less successful with longer, suggesting that LTP/LTD 
“consolidates” over time. The phenomena of depotentiation/de-depression may be one mechanism 
that contributes to retrograde interference with behavioural learning.

In a recent series of experiments we have shown that it is possible to identify depotentiation/
de-depression in the healthy human brain using TMS of the motor cortex. We employed a form of 
rTMS known as theta burst stimulation (TBS) of the motor cortex, which has been shown to produce 
LTP/LTD-like effects that outlast the period of stimulation for 20-60 minutes. We then found that we 
could abolish the after effects by applying at different times afterwards a second very short period of 
TBS that when delivered alone had no effect on motor cortex excitability. 

Abnormal reversibility of LTP/D has been shown in animal models of Parkinson’s disease with 
drug-induced dyskinesia. Thus, in a second set of experiments we tested whether depotentiation/
de-depression were also abnormal in people with Parkinson’s disease who had drug induced 
dyskinesias. We, like others, found that dopamine is required to demonstrate a response to a standard 
motor plasticity protocol in PD volunteers without LID. More importantly, when treated, we showed 
that volunteers with LID fail to respond normally to a protocol that reverses plasticity. The results 
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are compatible with the idea that abnormal reversal of plasticity occurs not only in the animal model 
of PD with LID but also in humans affected by PD and who have LID.

Plasticity has been investigated intensively in individuals with focal and generalised forms of 
dystonia. Interestingly, these people respond more effectively to rTMS plasticity protocols than 
healthy volunteers. It has been proposed that excess LTP-like plasticity might lead to the formation 
of inappropriate connections between inputs and outputs in the motor system that are diffi cult to 
correct, and which accumulate over time to cause excess involuntary movement.

Although medical treatment options for dystonia are limited, surgical intervention with deep 
brain stimulation (DBS) to the globus pallidus internus (GPi) can be highly effective. DBS of the 
same region is also successful in Parkinson’s disease, particularly in patients with drug-induced 
dyskinesias. Similar parameters of stimulation are used in both conditions, yet in Parkinson’s disease 
the maximal clinical response occurs within hours of switching ON the device, whereas it can take 
weeks or months to achieve maximal clinical benefi t in dystonia. The implication is that DBS is 
having some long term effect on the nervous system in dystonia that is not seen in PD. We therefore 
measured changes in plasticity over time before and up to 6 months after implantation of DBS in 8 
people with primary dystonia.

We found that DBS produced a slow amelioration of clinical symptoms that plateaued at around 
6 months on average. Intriguingly, implantation of DBS had a much quicker effect on plasticity; 
by one month the usually excessive  response to the rTMS plasticity protocol was absent, and only 
returned slowly towards normal levels after 6 months.

We suggested that abnormal outputs from the basal ganglia produce movement patterns 
characterised by excess muscle activity and reduced excitability of inhibitory circuits. They also 
increase the sensitivity of synaptic plasticity in sensorimotor circuits. Over time, these dystonic 
patterns of output become strongly reinforced and established as motor programs. When DBS is 
turned ON we suggest that it acts quickly, as in Parkinson’s disease, to remove abnormal basal 
ganglia signals, but that clinical improvement is delayed because of the persisting “memory” of 
abnormal movement patterns. It takes time to erase or “forget” these programs and to restore more 
normal movements, accounting for the gradual improvement in clinical scores and motor inhibition 
that is observed.

Despite the success of TMS/TDCS in probing pathophysiology their use in diagnosis has proved 
to be much less successful.

The main reason for this is the very large individual variation in the effects of stimulation: 
although there may be clear population differences between responses evoked in one group of 
patients and another, the overlap of data from individuals in the two groups is very high. It is not 
surprising then to fi nd that corticospinal conduction velocity, which has a small inter-individual 
variance in healthy volunteers is one of the most highly used diagnostic measures in myelopathy, 
amyotrophic lateral sclerosis and multiple sclerosis. A task for the future must be to try to reduce this 
variance and bring brain stimulation methods more fi rmly into the clinical arena.
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MULTIMODALITY NEUROPHYSIOLOGICAL MONITORING IN
CARDIAC SURGERY - INTENSIVE CARE UNIT

P. Zanatta

Ospedale Regionale di Treviso Dipartimento di Anestesia Rianimazione - Unità di Cardiochirurgia

Adverse neurological complications are common in cardiac surgery. The miscellaneous central 
nervous system damage that often occurs after on-pump cardiac surgery has a multifactorial 
etiopathogenesis, including embolism, hypoperfusion, high rewarming rate, and infl ammatory 
response. It has been shown that the neurological dysfunctions associated with cardiac surgery 
may be of different types including focal defi cits, such as stroke or transitory ischemic attacks, 
and generalized defi cits, such as coma, delirium, neurocognitive dysfunctions and peripheral nerve 
injury.

The incidence of focal neurologic defi cits is 3.1% after coronary surgery and may rise to as high 
as 10% in combined procedures or those involving the aortic arch. Cognitive dysfunction about 
memory, attention, concentration, language comprehension and visual-spatial orientation alterations 
are much more frequent and are responsible largely for the loss of work productivity after heart 
surgery. Cognitive defi cits are present in 50% of the patients after hospital discharge and persist in 
up till 40% after fi ve years from surgery. Seizures occurr in 1% of the cardiac surgery population and 
are strong independent predictors of permanent neurologic defi cit and increased operative mortality. 

Delirium or acute confusion is a temporary mental disorder, which occurs in 21% of cardiac 
surgery patients and is associated with many negative consequences such as prolonged hospital stay, 
nursing home placement, and reduced cognitive and functional recovery. 

Phrenic nerve injury following cardiac surgery is variable in its incidence depending on the 
diligence with which it is sought. Defi nitive studies have shown this complication to be related 
to cold-induced injury during myocardial protection strategies and possibly to mechanical injury 
during internal mammary artery harvesting. The consequences are also variable and depend on 
a large extent of the underlying condition of the patient, particularly with regard to pulmonary 
function. The response of the patient may range from an asymptomatic radiographic abnormality 
to severe pulmonary dysfunction requiring prolonged mechanical ventilation and other associated 
morbidities and even mortality.

Normally the incidence of phrenic nerve injury is about 4% and in two thirds of patients in whom 
the injury is identifi ed postoperatively there is a spontaneous recovery. 

Brachial plexus injury is a typical complication after median sternotomy. Patients without 
preparation of the internal mammary artery had a complication rate of less than 1%, whereas the 
complication rate of those patients with preparation of the internal mammary artery was as high 
as 10.6%. The main symptoms were continuous pain and motor and sensory disturbances. Most 
frequent were lesions corresponding to the roots C8-T1. Intraoperative upper extremity SEPs has 
been shown to predict peripheral nerve injury occurring during cardiac procedures. Critical illness 
polyneuropathy and myopathy, despite its benign nature due to its spontaneous remission in patients 
who survive, is a disturbing complication following cardiac surgery which is associated with high 
mortality, a prolonged stay in the ICU, as well as an extended time on ventilator support.

In this clinical setting the multimodality neurophysiological examination plays an increasing 
role in improving the diagnosis and targeting the correct therapy. First of all EEG and EPs are very 
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important in the evaluation of the comatose patients for giving information, in the same time, both 
on the integrity of the brain cortex both on the possible non convulsive status epilepticus and on 
the right dosage and combination of drugs to treat this condition. According to our experience, a 
new neurophysiological evaluation consisting of the pain-related SEPs from increasing electrical 
stimulation may have a new role in defi ning the prognosis of the comatose patients. Indeed, this 
neuropathic pain method might allow the detection of the brain network quiescent in the ischemic 
penumbra and may represent a sort of neurophysiological GCS that neurophysiologists can used to 
assess cortical reactivity in response to painful stimulation. The neurophysiological evaluation with 
EEG and SEPs is particularly useful in comatose patient submitted to the extracorporeal membrane 
oxygenation because the knowledge of the neurological status may promote the decision making to 
prolong the extracorporeal perfusion and also to perform heart transplantation. Moreover the clinical 
neurophysiology can contribute to defi ne the peripheral nerve injury (brachial plexus and phrenic 
nerve) and the critical illness neuropathy and myopathy that as discussed above, that are frequent 
complications in cardiac surgery. In this way the neurophysiology may improve the treatment of 
cardiac patients suffering of neurological dysfunction after surgery. 
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NEUROPHYSIOLOGICAL MONITORING IN NEONATAL HYPOXIC 
ISCHEMIC ENCEPHALOPATHY UNDERGOING THERAPEUTIC 
HYPOTHERMIA

A. Suppiej

Child Neurology and Clinical Neurophysiology Unit, Department of Paediatrics, University of Padova

Hypothermia has been shown to improve the outcome in term infants with neonatal encephalopathy 
due to perinatal asphyxia. It is at present widely used to treat neonates with moderate and severe 
clinical scores. In hypothermic neonates monitoring with the electroencefalogram (EEG) started 
soon after birth is fundamental for identifi cation and treatment of seizures as well as for monitoring 
possible occurrence of adverse events, similarly to what is known for euthermia. The timing of EEG 
for prognostic purpose seems however different during therapeutic hypothermia. The early EEG 
patterns and EEG performed towards the end of the fi rst week of life, but not EEGs recorded during 
hypothermic treatment or just after re-warming, can be safely used to predict outcome for infants 
treated with hypothermia. More data are needed to defi ne the predictive role of somatosensory 
evoked potentials (SEPs). 

In the Neonatal Intensive Care Unit (NICU) of the Department of Paediatrics at Padua University
infants are recruited for therapeutic hypothermia using the TOBY entry criteria (Azzopardi et 

al., 2009).
The neurophysiological protocol include recording the fi rst EEG as soon as possible and at least 

two channels continuous monitoring is maintained for 72 hours of hypothermia and until attainment 
of normothermia; SEPs and follow-up EEGs are performed at the end of the fi rst week of life. 
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STUDY OF NEUROMUSCULAR DISEASES IN INTENSIVE CARE

L. Motti
 
U.O. Semplice di Neurofi siologia, U.O. Neurologia, Ospedale S.M.N. Reggio Emilia

Neuromuscular disorders cause respiratory failure and prolonged ventilator dependency cause 
neuromuscular disorders. 

The diagnosis is complicated and neurophysiology examinations are important for the 
diagnosis and prognosis. Polyneuropathy and myopathy are the most frequent diseases in ICU. 
The neurophysiological study in IC require a consolidated classical electroneurography and 
electromyography examinations that differ from the usual ones only because of the dedicated 
protocols befi tted for technique problems due to the environment and to the critical patient conditions.

The old tradition in neurophysiologic (NF) testing was referred to few EEGs. 
Nowadays, the common technique used in IC Is referred to electroneurography and 

electromyography examinations that require diffi cult and complicated procedures due to lack of 
time and resources, dedicated and trained staff and machines and demanding environmental and 
clinical conditions.

Central and/or peripheral neurologic pathologies can be hardly diagnosed without a 
neurophysiologic support, as it can happen in sepsis complicated by a polyneuropathy, or a not 
convulsive seizure or a not diagnosed myasthenia gravis. 

Consequently, neuromuscular diseases that complicate the respiratory failure are well known but 
they can escape from the clinical observation if there is not a NF study. NF testing is suitable for 
adults, children, babies, neurologic and neurosurgery patients.

It is important to know and solve the environmental problems that can complicate the NF 
testing, such as the electric interferences caused by other machines and environmental temperature. 
Other important problems that could interfere with the electric response are due to patient clinical 
condition, such as vigilance state, posture, tissues oedema and pharmacological therapies. 

Considering these problems, it will be almost ever possible to solve the access to the exceeding 
background noise, to choose to study the muscles and/or better accessible nerves. It would be 
necessary to evaluate the more suitable electrode referring to the segment or district that needs 
to be explored, the tissues oedema or the noising not removable tools. In presence of low or lack 
patient collaboration it would be necessary to study the muscles that more easily contracts in painful 
conditions and it will be necessary to correct the temperature, where needed.
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Tab. 1 The following table shows some cues to avoid most common technical problems:

Problem Cue

Exceeding “background noise” Be sure the “notch” plugging in;
Use coaxial cables
Unable not essential monitoring
Do not touch metallic pieces of the bed

Diffi culties to study median and ulnar nerves 
of elbow and wrist due to venous accesses 

Use the contralateral limb 
Get a stimulus on the arm or forearm 

Diffi culties to study sural and peroneal 
nerves due to oedema at the lower limbs

Use the wise hook electrodes
Use, when possible, proximal recording sites
Choose nerves that are less infl uenced by oedema
(ie. Superfi cial peroneal and posterior tibial)
Keep the maximal electric stimulus

Low or lack patient collaboration during 
EMG study 

Choose muscles that are easily activated by painful 
stimuli

Hypothermic patient Use the conversion factors for the temperature

Presence of venous or arterial access Do not stimulate in proximity of these areas

Presence of central venous access Use the contralateral limb

Presence of catheters in subclavian or 
internal jugular 

Avoid stimulation in proximity of Erb and armpit

Presence of external pace-maker Do not use neurophysiologic test that need electric 
stimulations

Neuromuscular diseases in IC spectrum include a variegated frame where the most frequent 
condition is the acquired myopathy, then follow neuropathies, neuromuscular plaques pathology, 
motoneuron pathology, plessopathies and ischemic motoneuritis.

As usual, electromyographyic study requires a careful clinic evaluation and only after a 
diagnostic hypothesis it will be defi nite the strategy of the neurophysiologic study in order to choose 
the more appropriate for the situation. Neurophysiologic surveys must follow clinical indications. A 
neurophysiologic-clinical algorithm like the following one, is a good step-by-step guideline.
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Weakness and paralysis complicate the hospitalization in ICU; the critical illness polyneuropathy 
and the critical illness myopathy, alone or combined, are the most common complications; in 
accordance to the recent systemic review the sepsis patients with multiorgan involving or a long 
ICU hospitalization is 46% and it trend to diminish to 30.4% when it is involved only one organ with 
a normal premorbid muscles and nerves functionality.

In case of probable respiratory diseases during a neuromuscular pathology, a useful 
neurophysiologic survey, in order to reach a diagnostic, functional and prognostic evaluation, is 
the phrenic nerve conduction and the diaphragm muscle study, that can be completed also with 
the somatosensitive evoked potentials of phrenic nerve, with repetitive stimulation (is required) or, 
fi nally, with the intercostal nerve conduction study. Following clinical cases.
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CONTINUOUS EEG MONITORING TO IDENTIFY AWAKENING 
PREDICTORS FROM POSTANOXIC MYOCLONIC STATUS 
EPILEPTICUS

C. Foresti, G. Chiodelli, S. Quadri, M.C. Servalli, M. Viscardi, E. Ubiali

Ospedale Riuniti, Bergamo

Introduction

Postanoxic Myoclonic Status Epilepticus (PMSE) is a “malignant” clinical and EEG pattern, its 
natural evolution is death or vegetative state, even if it is rarely described a “good evolution” with 
awakening.

We observed the case of a 58 year old man, who almost completely recovered after a prolonged 
myoclonic status due to heart arrest.

Objectives

We describe the particular EEG patterns, tempting to identify the predictive aspects for the 
awakening.

Methods

During the fi rst 3 days, we periodically recorded a prolonged 8 channels EEG, until we observed 
a PMSE, then we started a continuous EEG monitoring using an Holter EEG.

The EEG was daily visually evaluated by an expertise neurophysiologist.
The anticonvulsivant therapy (Pb, Pht and Lev) was gradually administrated under EEG 

guide.

Results

Initial sporadic myoclonic jerks were observed in the fi rst 24 hours and anticonvulsivant therapy 
suddenly started. The EEG showed a destruptured electrical cerebral activity with diffuse spike and 
sharp waves, but it did not documented a PMSE until the 3rd day. The PMSE persisted for 3 days and 
was interrupted only by major anaesthetic drugs (Propofol or Tph). Even during the PMSE the EEG 
showed the persistence of a slow, irregular background activity.

The EEG evolved progressively in 2 different alternative patterns: the 1st with irregular slow (3-7 
Hz) diffuse activity (rest activity), the 2nd with almost periodic diffuse spike and polispikes, related 
to nociceptive stimuli.

After 12 days the EEG activity became reactive, still interrupted by paroxistic elements, but 
seizure free.

18 days after the heart attack, the patient was awake, confused but able to execute simple 
orders.
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Conclusion

We did not fi nd any other description of the EEG activity for the “benign” evolution of the 
PMSE.

Peculiarity of this case are: relatively late onset of the PMSE, the persistence of a slow 
“background” activity and “bimodal” organisation of the EEG in the recovery phase.
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NON CONVULSIVE STATUS EPILEPTICUS IN ACUTE BRAIN 
INJURY: INCIDENCE AND INDICATIONS TO CONTINUOUS EEG 
MONITORING

M. Spalletti1 A. Amantini1, S. Fossi1, R. Carrai1, A. Amadori2, L. Bucciardini2, P. Innocenti2, 
C. Cossu1, E.  Mazzeschi1, F. Pinto1, A. Grippo1 

1 SOD Neurofi siopatologia
2 SOD Anestesia e TI Neurochirurgica, DAI Neuroscienze Azienda Ospedaliera Universitaria 

Careggi, Florence

Introduction

Nonconvulsive status epilepticus (NCSE) is reported with very variable incidence in ABI (acute 
brain injury).

Objective

Prospective continuous EEG (cEEG) monitoring in order to diagnose NCSE in ABI. 

Methods

Consecutive patients with GCS < 9 undergoing intracranial pressure (ICP) measurement were 
monitored in Neuro-ICU (NICU) to detect the evolution of ABI. Continuous digital EEG was 
acquired with a simplifi ed montage (Fp1-C3-T3-P3, Fp2-C4-T4-P4). 

Results

Since February 2003 to October 2010 we enrolled 118 patients: 52 traumatic brain injuries 
(TBI), 17 intracerebral hemorrhages (ICH), 43 subarachnoid hemorrhages (SAH) and 6 ischemic 
strokes. Mean GCS score on admission was 6 (M4). EEG monitoring started on average 49 hours 
after admission and 25 hours after NICU admission. Mean monitoring time was 8 days. All patients 
were sedated, 36 undergoing TPS infusion with EEG suppression. 22 out of the 118 patients (19%) 
had at least a clinical seizure before EEG monitoring: 18 before ICU admission, 2 both before NICU 
admission and in NICU, 2 only in NICU. According to the etiology, clinical seizures were observed 
in 26% of SAH, 13% of TBI, 12% of ICH and 33% of ischemic stroke (2 patients). NCSE was 
diagnosed in 4 patients (3%). At least one clinical seizure preceded the cEEG diagnosis of NCSE in 
3 out of the 4 patients.

Conclusions

Our study confi rmed the high incidence of clinical seizures in ABI. On the contrary our low 
incidence of NCSE (3%) based on cEEG does not agree with the higher incidence of nonconvulsive 
seizures/NCSE previously reported.  This could be due in part to the fact that we started cEEG 
on average 49h after the admission and we may have missed early cases; moreover we used strict 
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diagnostic criteria for NCS. Still we performed a prospective EEG study on the evolution of ABI 
in comatose patients, in which the diagnosis of NCSE was a part of the study. We think  that  our 
neurosedation protocol  therapy is a relevant factor in reducing NCSE incidence. The occurrence of 
NCSE in patients treated with an ICP-targeted therapy is rare during NICU stay and in most cases 
is preceded by clinical seizures. We think that indications to cEEG monitoring in NICU should take 
into account these fi ndings.
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DISORDERS OF CONSCIOUSNESS: CLINICAL ASSESSMENT AND 
NEURONAL CORRELATES

A. Estraneo 

Neurorehabilitation Unit for Chronic Disorders of Consciousness IRCCS - Salvatore Maugeri 
Foundation

After severe acquired brain injuries, comatose patients who survive gradually recover full 
responsiveness within 2–4 weeks, but in several cases they may remain in a clinical condition of 
wakefulness without awareness, called Vegetative State (SV), in which eyes are open but there is 
no evidence of consciousness as manifested by volitional responses (MSTF, 1994; Royal College, 
2003). Within the continuum from VS to full awareness (Giacino, 2002), patients may remain in an 
intermediate state, defi ned as Minimally Conscious State (MCS) (Giacino 2002, 2004), in which 
they show minimal, inconsistent but clearly discernible signs of responsiveness for an indefi nite 
period of time (Lammi, 2005; Estraneo 2010, Luaté 2010). 

Recognition of unambiguous signs of conscious perception of the environment and of self in 
patients with Disorders of Consciousness (DoC) can be very challenging, because arousal levels 
may fl uctuate and most often intentional motor responses to stimuli are very limited or inconsistent 
across days, tasks or even across trials within the same task; in these cases correct diagnosis of 
VS or MCS is strongly liable to errors (Schnakers, 2009). Moreover, possible additional severe 
sensori-motor impairments, use of drugs, and severe general clinical conditions can strongly limit 
possibilities to produce overt intentional responses (Majerus, 2005, 2009). All these reasons explain 
the high percentage of misdiagnosis (Majerus, 2005; Schnakers, 2009), that can be reduced by 
employing validated clinical diagnostic tools (Giacino, 2004; Schnakers, 2009, American Congress, 
2010).

Integration of clinical, neurophysiological (Amantini, 2010; Fischer, 2010), neurofunctional 
and other instrumental quantitative methods (such as recording and analysis of visual behavior; 
(Trojano, 2009, 2010)) could improve differential diagnosis of DoC, and possibly identify reliable 
prognostic indices, in order to optimize use of health care resources and rehabilitative facilities 
(MSTF, 1994; Laureys, 2006).

Moreover, the combination of clinical, neurophysiological, and neurofunctional approaches to 
altered states of consciousness (Owen, 2009) could provide insight in its neural correlates (Laureys, 
2005), also to the aim of developing new therapeutic strategies.

To tackle the issue of neural correlates in DoC, it is useful to refer to an operational distinction 
between wakefulness and awareness (Laureys, 2005). Wakefulness, or arousal (i.e. the level 
of consciousnees), is supported by several brainstem neuronal populations that directly project 
to thalamic and cortical neurons. Awareness of environment and of self (i.e. the content of 
consciousness), is thought to be dependent upon the functional integrity of the cerebral cortex and 
of its subcortical connections.

A widespread neuronal death throughout the bilateral thalamus associated with a damage of 
white matter connections has been described in autopsy studies of both severe anoxia and diffuse 
axonal traumatic injury (Adams, 2000). Disruption of specifi c subnuclei of thalamus seems to be 
related to different grades of disability (Maxwell WL, 2006): VS patients and patients with highest 
clinical disability show diffuse neuronal loss involving posterior intralaminar nuclei, while brain-
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injured patients with moderate disability show neuronal loss restricted to anterior intralaminar region 
of the central thalamus (Van der Werf YD, 2002, Maxwell WL, 2006). The central thalamus plays 
an important role in regulating brain activation during attentive wakefulness because it receives 
ascending projections from the brainstem “arousal system” and descending projections from 
frontal cortical regions. Moreover, excitatory (glutamatergic) projections from the central thalamus 
to striatum (onto the medium spiny neurons) and to frontal and prefrontal cortices are important 
components of the “anterior forebrain mesocircuit”, particularly vulnerable to dysfunction following 
multifocal deafferentation in severe brain injury.

Taken together, these features justify the pivotal role of the central thalamus in the genesis of 
DoC, and also provide a rationale for therapeutic strategies aimed to restore central thalamic activity. 
A “mesocircuit model” (Schiff, 2010), underlying forebrain dysfunction in DoC, has been proposed 
to explain recent observations on positive effects of pharmacological interventions involving 
dopaminergic modulation of striatum (Schnakers C, 2008, Matsuda W, 2003) and GABAergic 
inhibition of Globus Pallidus Interna (Whyte J, 2009), and also of central thalamic electrical brain 
stimulation (Schiff, 2007; Shah, 2010) in DoC patients. 

In recent years, functional magnetic resonance imaging (fMRI) has been employed to detect 
changes in regional cortical metabolism during passive conditions (Coleman 2007) or active 
cognitive tasks (Owen et al. 2006; Monti et al 2010; Rodriguez Moreno 2010) in DOC patients. 
Such recent studies, have shown in VS patients residual activation of ‘primary’ cortex, functionally 
disconnected from ‘higher order’ associative areas crucial for awareness.

Higher order cognitive networks, like the Default Mode Network (DMN) investigated by means 
of resting state fMRI, are found impaired in severely brain-damaged patients, in proportion to their 
degree of consciousness impairment (Soddu, 2009; Boly, 2009). More specifi cally, the posteromedial 
portion of the parietal lobe, the precuneus, an important component of DMN engaged in self-related 
mental activity during rest (Cavanna 2006, 2007) is involved in the interwoven network of the 
neural correlates of self-consciousness. In fact, the precuneus and adjacent posteromedial cortical 
regions, show a profound deactivation, on resting state fMRI, in unconscious patients. Interestingly 
enough, the precuneus is among the fi rst regions of the brain to resume its activity if patients regain 
consciousness (Laureys et al. 2004). Moreover, the precuneus and adjacent posterior cingulated 
cortex seem to be brain regions that differentiate patients in minimally conscious states from those 
in vegetative states (Soddu, 2009; Vanhaudenhuyse, 2010).
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DISORDERS OF CONSCIOUSNESS: THE UTILITY OF AN EARLY 
NEUROPHYSIOLOGICAL ASSESSMENT

A. Amantini

Azienda Ospedaliera di Careggi Dip. Scienze Neurologiche - Rep. Neurofi siopatologia

We all share the need to optimize the evaluation of patients with disorders of consciousness 
(DOC), given the high rate of misdiagnosis of vegetative state based on clinical examination. We 
believe that one way to do this is to optimize assessment from the early stages, in order to reduce 
discontinuity between the hospital and rehabilitation phases. While clinical observation remains 
the “gold standard” for the diagnostic assessment of patients with DOC, neurophysiological 
investigations (electroencephalography, short latency evoked potentials and event-related

potentials) could help to further understanding of the physiopathology underlying the state of 
unresponsiveness, differentiate coma from other apparently similar conditions (i.e., locked-in and 
locked-in-like syndromes), and potentially integrate prognostic evaluation with monitoring of the 
evolution of the clinical state. Taken as a whole conventional neuroimaging and neurophysiology 
are complementary investigations as indicators of the physiopathology and clinical severity of 
structural damage.

The neurophysiological tests are formidable early prognostic indicators (short latency EPs) 
during coma , especially for a poor out-come, and during transitional stage for a favorable prognosis 
(ERPs). The EEG and EPs provide a surrogate of the residual thalamo-cortical and intra-cortical 
connectivity after acute brain injury. Moreover, these techniques have the considerable advantage of 
being available at the bedside. 

In our view, a continuum of expert neurological assessment that begins with monitoring of the 
acute phase (focusing on evolution of primary brain damage and secondary complications) and follows 
through to the patient’s discharge from the intensive care unit (focusing on the physiopathology of 
brain damage and prognostication based on clinical, neuroimaging and neurophysiological tests) 
could help to: 

1. optimize the rehabilitation project according to the expectations of recovery; 
2. provide a basis for comparison with subsequent periodic re-evaluations; 
3. ensure uniformity of assessment regardless of the heterogeneity of care facilities;
4. characterize a subset of patients who, showing discrepancies between neurophysiological 

tests and clinical status, are more likely to undergo unexpected recovery.
Most of the new studies in DOC patients have focused on the protracted stages, using methods 

such as fMRI that may offer a complementary approach to the assessment of consciousness in low 
responsive brain-injured patients.

However, in the absence of large-scale multicentre studies, the real contribution of functional 
neuroimaging remains investigational and not yet clinical.

Moreover, these techniques are complex, time-consuming and are not available at the bedside. 
In our view it is critically important to improve assessment of DOC from the early stages. It is also 
important to underline that neurophysiological tests are the only validated for the prognosis of brain 
damage in the acute and post-acute phases. Taken as a whole, neurophysiological tests would appear 
to represent a generally available and objective screening method, capable of identifying patients 
with poor outcome and those with uncertain or probably good prognoses and, among these, those 
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who might harbor hidden cognitive activities and thus would benefi t from further investigation using 
non-conventional neuroimaging techniques (fMRI and DWI/DTI). We agree with authors who point 
to the discontinuity of assessment (between the intensive or sub-intensive and the chronic phase of 
care) among the causes of misdiagnosis of DOC.

We believe that a comprehensive multimodal neurophysiological approach, using the more 
informative tests (EEG and short- and long-latency EPs/ERPs), should be included in protocols for 
evaluation of poorly-responsive patients with severe head trauma in order to establish the patient’s 
actual clinical state and prevent a LIS/LIS-like state from being mistaken for prolonged coma, VS or 
low-grade MCS. This, in turn, will drastically reduce late “discoveries” and differentiate them from 
very exceptional late recoveries.

Ideally, every single non-responsive patient at discharge from ICU should be accompanied by a 
card including the following information: aetiology of acute brain injury, time from onset, clinical 
evaluation using GCS for the acute stage and CRS-R for the transitional stage, neuroimaging of brain 
damage (CT and MRI), EEG (dominant frequency and reactivity), short-latency SEPs (classifi ed 
as Absent, Normal and Pathological), long-latency EPs/ERPs (Absent and Present), and EMG 
(presence/absence of critical illness neuromyopathy). Finally, a prognostic hypothesis should be 
indicated signaling eventual discrepancies between clinical status and electrophysiological fi ndings.

We believe that our proposal on early electro-clinical assessment to reduce discontinuity between 
the hospital and rehabilitation stages could constitute the fi rst step in the evaluation of the natural 
history of a patient’s DOC.
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CAN VEGETATIVE PATIENTS DREAM? A VIDEO-EEG 
POLYSOMNOGRAPHIC STUDY

A. Ragazzoni, R. Chiaramonti, M. Lino*, A. d’Avanzo*, L. Dyne*, M. Breschi*, G. Zaccara

U.O. Neurologia, Ospedale San Giovanni di Dio and * Casa di Cura “Villa alle Terme”, Florence

Introduction

The presence of wake/sleep cycles is one of the established criteria for the diagnosis of the 
Vegetative State (VS). However, there are only a few polysomnographic studies of sleep in VS 
patients.

Objectives

To investigate electrophysiologically the structure of wakefulness and sleep in patients with the 
vegetative state and minimally conscious state (MCS).

Methods

A group of 16 aetiologically heterogeneous patients who met the diagnostic criteria for either 
the vegetative state (n=6) or the minimally conscious state (n=10) were examined. The average time 
interval from the ictal event was 43 months for the VS patients and 17 months for the MCS patients. 
All patients recruited to the study underwent a prolonged neurological assessment as residents in 
a rehabilitation centre in Florence. A video-EEG polygraphic monitoring was conducted in all the 
patients over a 16-18 hrs period, starting at 1:00 pm approx. The results were compared with video-
EEG sleep recordings obtained in patients with different neurological disorders.

Results

Very irregular cycles of circadian sleeping and waking were observed both in VS and MCS 
patients. The overnight sleep organization was very disturbed. No organized sleep-waking cycle was 
recognized in 3 VS and 4 MCS patients. A rudimentary sleep structure (NREM only) was present in 
2 VS and 3 MCS patients, whereas in 1 VS and 3 MCS patients periods of NREM and REM sleep 
were recorded. No correlation was found between aetiology, length, severity (VS/MCS) of disease 
and sleep abnormalities. 

Conclusions

These results challenge the guidelines statement that wake-sleep cycles are present in VS. Many 
VS patients lack any rudimentary sleep organization. Also, a clear differentiation between VS and 
MCS does not emerge from our polysomnographic recordings. An interesting fi nding is the recording 
of REM sleep in VS: does it identify minimal residual cognitive/conscious abilities ?
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FUNCTIONAL CORTICAL CONNECTIVITY IN VEGETATIVE AND 
MINIMALLY CONSCIOUS PATIENTS: AN INVESTIGATION BY TMS-
EVOKED POTENTIALS

S. Rossi3, C. Pirulli1, A. Ragazzoni2, D. Veniero1, C. Miniussi1, M. Feurra3, M. Cincotta2,
 F. Giovannelli2, R. Chiaramonti2, M. Lino4

1 Cognitive Neuroscience Section, IRCCS San Giovanni di Dio Fatebenefratelli, Brescia & 
Department of Biomedical Sciences and Biotechnologies & National Institute of Neuroscience, 
University of Brescia

2  Unit of Neurology, San Giovanni di Dio Hospital, Florence
3  Department of Neuroscience, Sez. Neurology, University of Siena
4  Rehabilitation Center “Villa alle Terme”, Florence

Background

The diagnosis of Vegetative State following severe brain injury and the differentiation from 
Minimally Conscious State can be challenging when based only on clinical testing: it has been shown 
that it can be wrong in a relevant percentage of cases. A characteristic neuropathological fi nding 
of the VS are diffuse cortico-cortical disconnections. The co-registration of transcranial magnetic 
stimulation (TMS) and Electroencephalography (EEG) can test in vivo both cortical reactivity and 
connectivity, through the evaluation of the TMS-Evoked cortical Potentials (TEPs).

Objective

To verify whether TEPs may help to differentiate permanent VS from chronic MCS patients.

Method

We examined 13 patients with a chronic (over 8 months from ictus) Disorder of Consciousness 
(DOC) following severe bain injury of different etiology. All patients underwent an experimental 
TMS protocol consisting of one block of sham stimulation and one block of real stimulation. Two 
hundred TMS single pulses were applied on motor cortex with random inter-stimulus interval of 
0.25-0.5 Hz. TEPs were analyzed in terms of amplitude and scalp distribution for each patient and 
compared with data collected in a group of normal subjects.

Results

In most of the MCS patients, TEPs were clearly identifi able. In one patient TEPs were similar 
to those obtained in control subjects; three had normal TEPs but with reduced amplitude; only one 
patient had no identifi able TEPs. In the VS group, TEPs were severely abnormal : in six patients, 
TEPs were non-identifi able; in two, TEPs were identifi able, but with very low amplitude.
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Conclusion

These results suggest that both reactivity and cortical connectivity are severely affected in most 
of permanent VS patients, whereas they are still present, albeit altered, in MCS patients. 

TEPs may help to differentiate VS patients from MCS at the bedside, simultaneously providing 
physiopathological clues. TMS-EEG may represent a powerful diagnostic test complementing the 
clinical evaluation in the diagnosis of DOC.
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WHAT IS THE ROLE OF ELECTROPHYSIOLOGICAL STUDIES IN 
THE DIFFERENTIAL DIAGNOSIS BETWEEN THE HEREDITARY AND 
ACQUIRED NEUROPATHIES?

F. Manganelli

Department of Neurological Sciences, Federico II University of Naples

The role of electrophysiology in the evaluation of peripheral neuropathy consists in defi ning the 
type of nerve fi bers involved (motor and/or sensory) and the pathological features of neuropathy. 
However, demyelination and axonal degeneration rarely occur separately, and often it is diffi cult to 
determine whether neuropathy is due to primary demyelinating or axonal processes.

Moreover, electrophysiological evaluation may assist the clinician in differentiating between 
hereditary and acquired neuropathies and in identifying patients who might have a potentially 
treatable form of neuropathy. 

Regarding to primary demyelinating neuropathies, multifocal conduction changes such as 
nonuniform conduction slowing, temporal dispersion and conduction blocks are very important in 
the differential diagnosis between the hereditary and acquired demyelinating neuropathies. 

Indeed, nonuniform conduction slowing among different nerves or among different segments of 
the same nerve, temporal dispersion and conduction blocks, are suggestive of acquired demyelinating 
neuropathies such as chronic infl ammatory demyelinating poliradicoloneuropathy (CIDP); a 
relapsing-remitting course supports this hypothesis. In addition, typical patterns of conduction 
slowing as a disproportionate slowing of conduction in distal segments of motor nerves can also help 
to identify CIDP variants (i.e. anti-MAG/SGPG neuropathy); age>50 years, ataxia and monoclonal 
gammopathy may further support the hypothesis. 

Instead, a distal symmetric chronic polyneuropathy with uniform conduction slowing should 
suggest a demyelinating hereditary neuropathy, such as Charcot-Marie-Tooth disease (CMT). The 
search of clinical peculiarities (i.e. pes cavus), a careful family history and the examination of family 
members are useful to guide genetic testing. However, multifocal conduction changes do not always 
rule out the possibility of hereditary neuropathy.

In fact, although CMT1A, the most common form of inherited demyelinating neuropathy, has 
uniform conduction slowing, there are a number of inherited disorders with multifocal conduction 
slowing that must be taken into account when attempting to diagnose and treat individual patients. 
Notably, CMT-X can show nonuniform conduction slowing with temporal dispersion and nerve 
conduction blocks.

Likewise, in hereditary neuropathy with liability to pressure palsies (HNPP), conduction slowing 
is patchy and more severe at common entrapment sites. Nonetheless, it should be kept in mind that 
a hereditary neuropathy can be complicated by a superimposed infl ammatory form.

Regarding primary axonal polyneuropathy, electrodiagnostic test do not provide elements of 
differential diagnosis between the hereditary and acquired neuropathies although electromyographic 
abnormalities seem to occur more frequently in hereditary forms.

However, in an individual patient with sensory or sensory-motor axonal polyneuropathy with 
late onset, without a family history the diagnosis of axonal CMT is unlikely.

In conclusion, in demyelinating neuropathies the different patterns of conduction slowing are 
important to recognize in order to differentiate hereditary from acquired neuropathies, whereas only 
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needle electromyography can provide some help in the differential diagnosis in cryptogenetic axonal 
neuropathy. However it is to be emphasized that electrophysiological features must be always 
applied in the clinical context. 
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IS STILL EMG A VALID TOOL IN RESEARCH? 
A LITTERATURE REVISION 

A. Quartarone

Department of Neurosciences, Univesrity of Messina

Electromyography (EMG) is a technique for evaluating and recording the electrical activity 
produced by skeletal muscles. The fi rst actual EMG recording was made by Marey in 1890, who 
also introduced the term electromyography.

In 1922, Gasser and Erlanger used an oscilloscope to show the electrical signals from muscles but 
the fi rst clinical use began only in the sixties. EMG signals are used in many clinical and biomedical 
applications. EMG is an unique and irreplaceable diagnostics tool for identifying neuromuscular 
disease, assessing low-back pain and can also be used in kinesiology to better quantify motor control 
disorders.

A century after its introduction EMG is still a versatile electrophysiological technique which 
is used in many types of research laboratories, including those involved in biomechanics, motor 
control, neuromuscular physiology, movement disorders, postural control, and physical therapy. 
Indeed EMG signals can be used as a control signal for prosthetic devices such as prosthetic hands, 
arms, and lower limbs.

In addition EMG has also been employed as a control signal for computers and other devices. 
For instance an interface device based on EMG could be used to control moving objects, such as 
mobile robots or an electric wheelchair. This may be helpful for individuals that cannot operate a 
joystick-controlled wheelchair. Surface EMG recordings may also be a suitable control signal for 
some interactive video games. Finally EMG signals have been targeted as control for fl ight systems.

The Human Senses Group at the NASA Ames Research Center is currently working on an 
advanced man-machine interfaces which could directly connect a person to a computer. In this 
project, an EMG signal is used to substitute for mechanical joysticks and keyboards. The role of 
EMG in current and future neuroscience research is far from be exhausted. 
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SHOULD MEDIAL AND LATERAL ANTEBRACHIAL CUTANEOUS 
NERVES STILL BE CONSIDERED “UNUSUAL”? NORMATIVE VALUES 
AND A NEW METHODOLOGY PROPOSED TO IMPROVE TECHNICAL 
FEASIBILITY

A. Comanducci, M. Borsi, L. Caremani, R. Carrai, F. Pinto, A. Amantini, A. Grippo

Unit of Clinical Neurophysiology, DAI Neurological Sciences, University of Florence - Az. 
Ospedaliero Universitaria Careggi

Introduction

Electrodiagnostic study of the Lateral and Medial Antebrachial Cutaneous nerves 
(LABCN,MABCN) may be clinically useful to evaluate several conditions as brachial plexopathies 
or thoracic outlet syndrome. Nevertheless these nerves are not routinely tested especially because 
their recording is very sensitive to artifacts and limited by a large number of technical pitfalls. 
Furthermore literature data are confl icting in technical execution and are lacking in describing how 
to overcome artifacts.

Objectives

a. to describe main technical pitfalls encountered
b. to provide normative values
c. to investigate the effects of age, sex, height and body mass index (BMI)
d. to compare results with a standard sensory nerve of upper limb

Methods

We studied 81 healthy subjects (age range 20-88) divided in 5 age groups: antidromic LABCN 
and MABCN conduction studies were performed with stimulation and recording sites identifi ed 
according anatomic landmarks instead of using fi xed distances. We used simultaneous recording in 
order to prevent potential costimulation artifacts. Antidromic ulnar nerve conduction study was also 
performed.

Results

LABCN and MABCN sensory action potentials (SAPs) were obtained respectively in 97% and 
93% of subjects. Mean values were: LABCN onset-to-peak amplitude 20.9μV, conduction velocity 
60m/s; MABCN onset-to-peak amplitude 11.7μV, conduction velocity 61m/s. We defi ned also the 
lower limits for conduction velocity (2.5 SD); the lower limits for amplitude (5th percentiles) and the 
upper limit for interside asymmetry (95th).

Among the factors investigated the increase of BMI was signifi cantly correlated with an 
amplitude reduction of LABCN, MABCN and Ulnar Nerve SAPs.
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Conclusions

LABCN and MABCN are not commonly tested. We showed a technical reliability and feasibility 
in recording these nerves similar to standard upper limb nerves.

In our opinion, a rigorous approach could allow their wider inclusion in normative data of 
neurophysiology laboratories and fi nally increase their use in clinical practice.
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METHODOLOGY OF ELECTRONEUROGRAPHIC REGISTRATION ON 
VERY PRETERM BABIES: THE FLORENCE TEAM’S EXPERIENCE

D. Gualandi1, S. Gabbanini1, M.E. Bastianelli1, E. Molesti1, G. Bertini2, S. Lori1

1 SOD Neurofi siopatologia – DAI Neuroscienze, AOU Careggi
2 SOD Neonatologia e Terapia Intensiva Neonatale - DAI Materno-Infantile AOU Careggi - 

Università di Firenze

Background

In literature there are few data about the study of motor (M) and sensory (S) Nerve Conduction 
Velocity (NCV) in preterm babies: the last extensive protocol evaluated MNCV and SNCV in a 
group of babies with Gestational Age (GA) between 28-30 weeks and dated 1999.

Rational and purpose of the study

The aim is to create a specifi c technical default settings for the evaluation of the NC in preterm 
and very preterm babies, and to make an extensive, reproducible and easy to perform protocol, 
taking account of the development of the Peripheral Nervous System.

Material and methods

In our study, we evaluated 37 preterm babies with GA between 23-35 weeks admitted in Neonatal 
Intensive Care Unit (NICU), Careggi, in Florence. We used tailored stimulator  (fork stimulator 
with anode and cathode  with 10 mm of inter-distance and 2 mm thick; small-sized  and thin ring-
electrode for the SNCV) to stimulate in an effective way the peripheral nerve; moreover, we reduced 
the surface of skin-electrodes to the same size (2,00 x 0,90 cm) to better stick to the babies’ limbs. We 
used default settings analogous to adult’s ones, except for the stimulus duration for the evaluation of 
MNCV (0,2 ms) and the division septum of sensibility for the visualization of the F wave (1,5 ms). 
In this way, we have been able to record  MNCV and F waves (Ulnar, Posterior Tibial and Common 
Peroneal nerves) and SNCV (Median and Medial Plantar nerves, with ortodromic technique), at 
lower and upper limbs. We analyzed latency, amplitude and area  (both onset-peak and peak-peak) 
of CMAP and SNAP and M-S NCV; mean latency and duration of F wave.

Conclusions

The protocol we used in NICU was shown to be easy and quick to perform (examination time is 
about 20-30 minutes, in optimal registration conditions), reproducible and highly indicative, using 
specifi c technical wariness and taking care of the babies’ needs during the examination.
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CASO CLINICO PERIFERICO: UNA RADICOLOPATIA?

M.P. Giannoccaro, M.L. Valentino, V. Donadio, V. Di Stasi, V. Carelli, R. Liguori 

Dipartimento di Scienze Neurologiche, Università di Bologna

Paziente di 43 anni riferito al nostro centro per radicolopatia in attesa di intervento neurochirurgico.
Storia clinica: da circa un anno comparsa di sensazione di “scarica elettrica” che dal rachide 

lombare si irradiava alla faccia posteriore della coscia sinistra con successiva comparsa di progressiva 
ipostenia della gamba sx e, a distanza di alcuni mesi, anche della gamba dx. 

Il paziente aveva già effettuato RM del rachide lombo-sacrale ed era stato riferito al nostro 
centro per eseguire EMG prima dell’intevento neurochirurgico. Tuttavia i risultati delle indagini 
radiologiche, dell’EMG e l’esame obiettivo non fornivano dei risultati pienamente compatibili 
con la diagnosi con cui il paziente era giunto alla nostra osservazione e gli esami di laboratorio 
mostravano un aumento delle CPK (662 U/L).

Sulla base di queste osservazioni è stata effettuata una biopsia muscolare che mostrava alterazioni 
compatibili con un processo miopatico e positività per l’HLA. La RM muscolare dimostrava la 
presenza di alterazioni di segnale a livello dei muscoli gastrocnemio e soleo bilateralmente. E’stata 
pertanto posta diagnosi di miosite focale ed iniziata terapia steroidea con rapido miglioramento 
della sintomatologia e dell’obiettività; una RM di controllo ha dimostrato un importante riduzione 
dell’edema muscolare precedentemente osservato.
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CASO CLINICO PEDIATRICO - FLOPPY INFANT

R. Dilena

Neurofi siopatologia - Dipartimento di Scienze Neurologiche Fondazione IRCCS Ospedale Maggiore 
Policlinico, Milano

L’approccio clinico al neonato ipotonico può rivelarsi un compito diffi cile e risulta facilitato 
dall’applicazione di un algoritmo diagnostico razionale. Nel sospetto di una sindrome miastenica 
congenita è inoltre indispensabile effettuare un protocollo elettrofi siologico completo non solo per 
poter consentire il riconoscimento precoce di una disfunzione della placca neuromuscolare, ma 
anche per un’adeguata caratterizzazione del gene candidato.

Presentiamo il caso di un neonato ipotonico ed apnoico dalla nascita. Nell’anamnesi familiare 
si segnala il padre affetto da sindrome di Dandy-Walker, portatore di derivazione ventricolo-
peritoneale. Le ecografi e prenatali avevano documentato ipotrofi a cerebellare (confermata poi dalla 
RM) e polidramnios. Nei primi tre mesi di vita il neonato, che necessitava di ventilazione meccanica 
ed alimentazione enterale, eseguiva diverse indagini tra cui CK, lattato, aminoacidi organici, acidi 
organici urinari, acidi grassi a catena lunga, acilcarnitina, test genetici per sindrome di Prader Willi, 
SMA, SMARD 1, distrofi a miotonica di Steinert, che risultavano negativi. All’età di tre mesi il 
paziente veniva trasferito presso il nostro ospedale, nel reparto di terapia intensiva pediatrica: 
all’arrivo presentava ipotonia, debolezza generalizzata, insuffi cienza respiratoria, oftalmoparesi, 
rifl esso faringeo scarso, disfagia. Le conduzioni nervose erano nella norma, mentre l’elettromiografi a 
ad ago evidenziava lievi segni di sofferenza muscolare. Il primo esame di stimolazione ripetitiva 
a bassa frequenza del nervo mediano non evidenziò una risposta decrementale signifi cativa. Il 
dosaggio degli anticorpi anti-AchR ed anti-Musk risultava negativo. La biopsia muscolare mostrava 
aumento aspecifi co delle fi bre di tipo II. L’EEG ed i potenziali motori multimodali erano nella norma. 
Nel sospetto di sindrome miastenica congenita fu iniziata terapia empirica con piridostigmina, 
osservando un lieve progressivo miglioramento dei sintomi oculari e respiratori. La diagnosi 
fu poi confermata ad uno studio elettrofi siologico esteso dall’identifi cazione di una decremento 
signifi cativo alla stimolazione ripetitiva, di un decremento molto marcato alla stimolazione ripetitiva 
prolungata ed da un jitter elevato allo studio di singola fi bra stimolata. Veniva praticata gastrostomia 
percutanea e tracheotomia. A partire dalla seconda metà del primo anno di vita si assisteva a rapido 
miglioramento della forza, con svezzamento dal respiratore ed inizio di alimentazione orale. Si sono 
verifi cati nuovi episodi di apnea solo in occasione di febbre o infezioni. All’età di due anni e mezzo 
di vita si osservava un moderato ritardo di acquisizione delle tappe motorie ed un normale sviluppo 
psichico. L’indagine genetica ha permesso di diagnosticare una sindrome miastenica congenita da 
defi cit di colina-acetiltransferasi (identifi cate due mutazioni nel gene CHAT, una ereditata dal padre 
ed una dalla madre).
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MORPHOFUNCTIONAL VISUAL PATHWAYS EVALUATION IN 
MULTIPLE SCLEROSIS

V. Parisi

G.B. Bietti Eye Foundation-IRCCS, Department of Visual Neurophysiology and Neurophthalmology 
Research Unit, Rome

Background

During the last years, among the various paraclinical tests adopted in order to disclose subtle 
CNS dysfunction in MS, a growing interest generated the technique of ocular coherence tomography 
(OCT) (Huang et al., 1991). This technique non-invasively allows the quantitative cross-sectional 
imaging of the retinal nerve fi bre layer (RNFL). We were the fi rst (Parisi et al., 1999) to record 
OCT, with pattern electroretinogram (PERG) and VEP, in a group of 14 patients with a diagnosis of 
defi nite MS, following the initial Poser’s criteria (Poser et al., 1983). We demonstrated the usefulness 
of OCT in disclose a signifi cant reduction in mean RNFL thickness in the eyes of MS patients who 
were clinically unaffected by optic neuritis (ON). ON is a common initial manifestation of MS. It 
is characterized by the acute infl ammation and demyelinization of the optic nerve that typically 
presents with sudden monocular visual loss, unilateral periorbital pain exacerbated by movement, 
and reduced light and colour sensitivity (Optic, 2008). Some Authors in comparing OCT and VEP 
sensitivity and specifi city in 65 subjects with at least 6 months later the occurrence of an episode 
of ON, observed that VEP remains the preferred test for detecting clinical and subclinical ON 
(Naismith et al., 2009). 

The present study focuses on the evaluation of diagnostic value of OCT and VEPs in a larger 
group of MS patients with or without a previous episode of ON. Moreover, we were aimed to assess 
how the retinal dysfunction infl uences cortical responses in MS patients.

Material and Methods

Patients – Two-hundred-sixty-one patients with a diagnosis of MS, according to the revised 
criteria for the diagnosis of MS (Polman et al., 2005), of them 108 had been affected by optic 
neuritis, were enrolled in the study. Ninety-six out of 108 ON subgroup of patients were recorded at 
least 12 months later the occurrence of at least one episode of ON, and had and complete recovery 
of visual acuity (20/20) after the optic neuritis episode. The 261 MS patients were compared with 69 
age- and gender- matched control subjects. OCT, PERG, and VEP were assessed both in MS patients 
and in control subjects.

OCT examination
Optical Coherence Tomography (OCT3; Humphrey, Dublin, CA), including the fi ber optic 

delivery system coupled with slit-biomicroscope, was used in all subjects enrolled according to 
methods described elsewhere (Parisi et al., 2001). This system provides the operator with a video-
camera view of the scanning probe beam on the fundus, and OCT imaging acquired in real time 
on a computer monitor. After dilatation with 1% tropicamide, each eye was scanned three times 
using a circle size of 3.4 mm (1.7 mm radius). Near-infrared light (840 nm wavelength) was used. 
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Throughout scanning, the patient kept his/her eyes constantly fi xed on an internal target provided by 
the equipment. The measurements were obtained from three non-consecutive scans (i.e. the patient 
was allowed to rest for a few seconds before being re-positioned to precede to the following scan). 
As previously reported, the OCT software provides an automated computer algorithm that identifi es 
the anterior and posterior borders of the retina. This has been claimed as offering the possibility of 
calculating both Nerve Fiber Layer (NFL) and total retinal thicknesses. The software allows the 
mapping of the thickness data according to both quadrant-by-quadrant and a clock hour analyses. 
We considered the average value of three different measurements per quadrant (superior, inferior, 
nasal and temporal); the overall data obtained in all quadrants (12 values averaged) was identifi ed as 
NFL Overall. Normal limits were obtained from both MS groups (with or without ON) and control 
subjects by calculating mean values minus 3 standard deviations for each NFL parameters.

Electrophysiological examinations
In control subjects and in MS patients, simultaneous PERG and VEP recordings were performed 

using the following methods according to our previously published studies (Parisi et al., 1997). 
Subjects were seated in a semi-dark room in front of the display surrounded by a uniform fi eld of 
luminance of 5 candelas per square metre. Visual stimuli were checkerboard patterns (contrast 80%, 
mean luminance 110 cd/m2) generated on a TV monitor and reversed in contrast at the rate of 2 
reversals per second; at the viewing distance of 114 cm, the check edges subtended 60 (60’) and 15 
minutes (15’) of visual angle. PERG and VEP recordings were performed with full correction of 
refraction at the viewing distance.

PERG Recordings - The bioelectrical signal was recorded by a small Ag/AgCl skin electrode 
placed over the lower eyelid. PERGs were derived bipolarly between the stimulated (active 
electrode) and the patched (reference electrode) eye using a previously described method (Fiorentini 
et al., 1981). The ground electrode was in Fpz. The signal was amplifi ed (gain 50000), fi ltered (band 
pass 1-30Hz) and averaged with automatic rejection of artifacts (200 events free from artifacts were 
averaged for every trial) by BM 6000 (Biomedica Mangoni, Pisa, Italy). Analysis time was 250 
msec. The transient PERG response is characterized by a number of waves with three subsequent 
peaks: N35, P50, N95.

VEP recordings - Cup shaped electrodes of Ag/AgCl were fi xed with collodion in the following 
positions: active electrode in Oz, reference electrode in Fpz; ground in the left arm. The bioelectric 
signal was amplifi ed (gain 20000), fi ltered (band-pass 1-100 Hz) and averaged (200 events free from 
artifacts were averaged for every trial) by BM 6000. Analysis time was 250 msec. The transient VEP 
response is characterized by a number of waves with three subsequent peaks: N75, P100, N145.

For all VEPs and PERGs the implicit time and the peak amplitude of each of the waves were 
measured directly on the displayed records by means of a pair of cursors. Simultaneous recordings 
of VEPs and PERGs allow us to derive the Retinocortical Time (RCT) as the difference between 
the VEP P100 and the PERG P50 peak latencies (Parisi et al., 1998). It is considered as an index of 
post-retinal conduction.

Statistics - For each paraclinical test (OCT, VEP and PERG) we calculated the diagnostic 
sensitivity, which was defi ned as the percentage of patients with an abnormal result in a given test.
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Results

In the MS patients without ON at 60 min of arc checks stimulation, the sensitivity of RNFL 
overall was 63.39 %, of the P100 implicit time 62.09%, and 56.86% of the RCT. In presence of 
normal OCT values, 15.7% and 15.0% of MS patients without ON showed respectively a delayed 
VEP P100 implicit time or an increased RCT. At 15 min of arch checks sensitivity was respectively 
37.90%, 33.98%, 26.14% for RNFL temporal, P100 and RCT. In presence of normal OCT values, 
10.5% of MS patients without ON showed a delayed VEP P100 implicit time.

In the MS patients with ON at 60 min of arc checks stimulation, the sensitivity of RNFL overall 
was 78.70%, of the P100 implicit time 80.55%, and 69.44% of the RCT. In presence of normal OCT 
values, 15.7% and 13.9% of MS patients without ON showed respectively a delayed VEP P100 
implicit time or an increased RCT. At 15 min of arch checks sensitivity was respectively 75.0%, 
73.14%, 31.48% for RNFL temporal, P100 and RCT. In presence of normal OCT values, 12.0 % 
and 5.2% of MS patients with ON showed respectively a delayed VEP P100 implicit time and an 
increased RCT.

Discussion

Our most striking fi nding is that the in presence of a normal OCT examination, retinocortical 
time resulted abnormal in approx. 15 % of MS patients either with or without ON. Therefore, OCT 
may differentiate a true post-retinal impairment from a retinal neurodegenerative process that could 
induce in diagnostic bias.
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NEUROPHYSIOLOGICAL CORRELATES OF COGNITIVE 
IMPAIRMENT IN MULTIPLE SCLEROSIS

D. Centonze

Clinica Neurologica, Dipartimento di Neuroscienze, Università Tor Vergata, Rome

Multiple Sclerosis (MS) causes cognitive defi cits since the early stages of the disease, by altering 
memory, attention and executive functions (Amato et al, 2004, 2006a, 2008a,b; Chiaravalloti and 
DeLuca, 2008; Genova et al, 2009). 

The synaptic and molecular mechanisms at the basis of cognitive impairment in MS are still 
poorly understood. A large body of evidence converges in indicating that learning and memory 
processes are encoded in brain circuits as experience- and activity-dependent long-term synaptic 
changes. In particular, long-term potentiation (LTP) is a form of synaptic plasticity in which 
repeated stimulation connects neurons by making synapses more responsive to future activation, and 
is commonly considered a major candidate for representing the substrate of learning and memory 
processes (Bliss and Collingridge, 1993; Malenka, 2003). 

LTP induction is regulated by a variety of factors, able to interfere with critical receptor and post-
receptor events at excitatory synapses (Bliss and Collingridge, 1993; Malenka, 2003; Feldman, 2009; 
Kessels and Malinow, 2009; Minichiello, 2009). Among these factors, amyloid-β, particularly the isoform 
amyloid-ß1–42, that was consistently found to be reduced in the cerebrospinal fl uid (CSF) of Alzheimer’s 
disease (AD) patients, plays a major role in LTP defi cits and cognitive impairment in AD. 

We measured cerebrospinal fl uid (CSF) levels of amyloid-β1-42 and tau protein in MS patients. 
In our sample of MS patients, amyloid-β1-42 levels were signifi cantly lower in patients cognitively 
impaired and were inversely correlated with the number of Gadolinium-enhancing (Gd+) lesions 
at the magnetic resonance imaging (MRI). Positive correlations between amyloid-β1-42 levels and 
measures of attention and concentration were also found. 

Furthermore, abnormal neuroplasticity of the cerebral cortex, explored with theta burst magnetic 
stimulation (TBS), was observed in cognitively impaired patients, and a positive correlation was 
found between amyloid-β1-42 CSF contents and the magnitude of long-term potentiation (LTP)-like 
effects induced by TBS. No correlation was conversely found between tau protein concentrations 
and MRI fi ndings, cognitive parameters, and TBS effects in these patients. 

Together, our results indicate that in MS central infl ammation is able to alter amyloid-β 
metabolism, by reducing its concentration in the CSF, and leading to impairment of synaptic 
plasticity and cognitive function.
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tDCS IN COGNITIVE REHABILITATION

A. Priori

Centro per la Neurostimolazione, Fondazione IRCCS Cà Granda Policlinico, Dipartimento di 
Scienze Neurologiche, Università di Milano

Transcranial direct current stimulation (tDCS) is a non invasive technique for neuromodulation 
gaining increasing diffusion for cognitive an motor rehabilitation. tDCS consists in the delivery for 
minutes of constant direct currents over the scalp through surface scalp electrodes above the target 
cortical areas.

Electrodes are connected to a direct current (DC) generator (up to 2mA). tDCS induces in the 
underlying brain areas changes in their metabolism and excitability persisting also for minutes 
after the current offset: in general, excitability increases below the anode and decreases below the 
cathode. Transcutaneous DC stimulation can also induce functional changes in the spinal cord and 
in the cerebellum.

tDCS has been used to test whether the induction of cortical excitability changes in patients with 
focal brain lesion or diffuse degenerative processes can improve their cognitive performances.

Available data suggest that tDCS can improve – at least in experimental conditions—patients 
with aphasia, with attention and memory disturbances following stroke or degenerative dementias. 
Hence, because the technique is cheap, simple and safe, tDCS is promising as possible adjuvant tool 
to cognitive rehabilitation.

There are however several important issues still open: the optimal disease phase for tDCS, the 
best treatment protocol for different conditions, the defi nition of the clinical features predicting an 
optimal response, the tDCS interaction with other treatments, and, more importantly, whether the 
improvement observed on experimental cognitive variables will also improve the quality of life of 
the patients and, ultimately, their clinical status.
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THE EFFECT OF MUSIC ON CORTICOSPINAL EXCITABILITY IS 
RELATED TO THE VALENCE OF THE PERCEIVED EMOTION: 
A TMS STUDY

F. Giovannelli 1,2, C. Banfi 2, A. Borgheresi 1, E. Fiori 3, I. Innocenti3,4, S. Rossi3, G. Zaccara 1, 
M.P. Viggiano 2, M. Cincotta1

1Unità Operativa di Neurologia, Azienda Sanitaria di Firenze
2Dipartimento di Psicologia, Università degli Studi di Firenze
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4Dipartimento di Neuroscienze, Sezione Neurologia e Neurofi siologia Clinica, Università di Siena

 

Objective

TMS and neuroimaging studies suggest a functional link between the emotion-related brain areas 
and the motor system. Music is a powerful universal medium to express and evoke strong emotions 
with both a positive and negative valence, and its neural substrate is under investigation. It is not 
well understood whether the primary motor cortex (M1) activity is modulated by specifi c emotions 
experienced during music listening. In the current study, we used TMS to evaluate whether listening 
to musical pieces affects the corticospinal excitability and to assess whether this modulation is 
related to the emotional valence of the stimuli.

Methods

In 23 right-handed healthy volunteers, non-musicians, we recorded the motor evoked potentials 
(MEP) following TMS from the fi rst dorsal interosseous (FDI) muscle of the left hand while subjects 
listened to music pieces evoking different emotions (happiness, sadness, fear, and displeasure), an 
emotionally neutral piece, and a control stimulus (musical scale). Musical pieces were selected in 
a preliminary phase in which other subjects were requested to judge the emotional valence and to 
rate the intensity of of the emotion expressed by each piece. The intensity of the magnetic pulse was 
adjusted to elicit MEP of about 0.5-1 mV in peak-to-peak amplitude in the relaxed left FDI when the 
subject performed no task. In a subgroup of 12 subjects the following psychophysiological measures 
were also recorded: skin conductance level, heart rate, respiratory rate, and skin temperature. 

Results

Fear-related music signifi cantly increased the MEP size compared to the neutral piece and the 
control stimulus. This effect was not seen with music inducing other emotional experiences and was 
not related to the intensity of the perceived emotion. In addition, no signifi cant correlation was seen 
between MEP amplitude modulation and psychophysiological measures.

Conclusion

Current data indicate that also in a musical context, the excitability of the corticomotoneuronal 
system is related to the emotional valence of the listened piece.
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SELECTIVE MODULATION OF THE MOTOR CORTEX EXCITABILITY 
DURING LISTENING OF KNOWN MELODIC SEQUENCES IN PIANISTS

A. Nuara, J. Gonzalez-Rosa, R. Chieffo, F. Spagnolo, E. Coppi, M. Bianco, L. Straffi , L. Ferrari, 
G. Comi, L. Leocani

Neurological Department – INSPE, University Scientifi c Institute Hospital S. Raffaele, Milan

Introduction

The ability to transform auditory information into a motor representation, defi ned as audio-motor 
integration, is a complex process requiring interaction between brain systems mediating sound 
perception and movement. Because of their consolidated association between motor and auditory 
systems, musicians constitute an interesting population for investigating audio-motor integration.

Objectives

To assess the modulation of motor cortex excitability in professional pianists while listening 
to known, predictable melodic sequences, by means of Transcranial Magnetic Stimulation (TMS).

Methods

Two groups of subjects were studied: pianists (n=10, 7 men, 3 women; mean age 26+5.8 years) 
and controls (n=10, 7 men, 3 women, mean age 25+4.5 years). Participants listened to a melodic 
tone sequence containing the alternating repetition of a pentatonic scale in two different octaves. In 
order keep adequate attention subjects had to detect a random deviant tone in the sequence.Using a 
circular coil placed at the vertex, Motor Evoked Potentials (MEPs) were simultaneously recorded 
bilaterally over the abductor pollicis brevis (APB) and abductor digiti minimi (ADM) at distinct 
points of the melodic sequence. MEPs amplitude was expressed as percentage of that obtained in a 
resting condition.

Results

Pianists (not controls) showed a MEPs amplitude modulation of right hand muscles according 
to the timing of their activation during actual performance of the melodic sequence. Moreover, in a 
subgroup of pianists that preferred to use the right hand to perform the low-octave scale, there was 
a tendency to inhibit the hand opposite to the preferred one.

Conclusions

Results in pianists indicate a phenomenon of audio-induced motor resonance with dynamic 
modulation of motor excitability, involving not only facilitation of the hand muscles that the 
musicians would use during actual musical performance, but also the inhibition of homologous 
muscles in the opposite limb.
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THE APPLICATION OF THE ITALIAN NATIONAL GOVERNMENT 
RULES FOR CHRONIC PAIN (LAW N° 38/2010) IN PUGLIA

M. de Tommaso

Neurophysiopathology of Pain, Neuroscience and Sensory Systems Department, Bari Aldo Moro 
University

Chronic non oncologic pain is a common and invalidating condition, based on different 
pathophysiological basis, neuropathic, psychogenic or infl ammatory. The general practitioner and 
many specialists are involved in the diffi cult management of such patients, which needs a careful 
diagnostic approach preceding the pharmacologic and not pharmacologic interventions.

Many clinical variables have to be detected, in order to obtain the best treatment tailored on the 
single case. As so, almost all medical doctors should be prepared to a basal management of chronic 
pain, being well informed on the diagnostic and therapeutic opportunities available for the most 
resistant and invalidating cases.

Last year the Italian Government provided funds to facilitate the clinical management of chronic 
pain patients in their own regional territory, according to specifi c law articles (n° 38).

According to these set of laws, the term “ Pain therapy” includes the entire clinical management 
from the diagnosis to the treatment of chronic pain patients, with a multidisciplinary approach based 
on the anesthesiologist, neurologist, neurophysiologist, psychiatrist, psychologist, orthopedics, 
rheumatologist, who would operate in referral centers, named “hub” , connected with treatment 
centers, named “spoke” for the management of pharmacologic and not pharmacologic approach. In 
our Region, epidemiologic data on frequency on chronic pain are lacking, but analysis conducted on 
hospital documents revealed more than one million of chronic pain sufferers.

Despite no specifi c deliberation was done by our Regional Government in regard to law 38, last 
year many projects were proposed by the major hospitals, mainly by our Bari University Policlinico, 
in order to utilize the funds that the Italian Health Ministry gave to the Regions in order to improve the 
medical assistance of the most invalidating conditions, including chronic pain and palliative cures. Our 
Neuroscience and Sensory Organs Department presented a project regarding a regional network for the 
diagnosis and treatment of chronic headache and fi bromyalgia, with an electronic database collecting 
clinical data on common therapeutic approaches, including magnetic and electric transcranic stimulation.

The Emergency and Organs Transplantation Department of our University, presented a project 
in regard to a regional networks evaluating the effi cacy of medullar neurostimulation in chronic 
neuropathic pain.

Unfortunately, at the moment we had no replay from our regional government, and the 
management of chronic pain is actually performed in 10 anesthesiology centers, located in the most 
important hospitals, and only one neurologic Centre in the Bari University Hospital.

For headache, in our Region a network exists, connecting the centers adhering to a national scientifi c 
society. Diagnostic and therapeutic route is quite diffi cult for patients with chronic non oncologic pain.

In our University Hospital, we recently start a project fi nanced with private funds for a new 
pain scale validation, which is shared by many specialists in different departments, the orthopedist, 
reumathologist, anesthesiologist and neurologist, hoping to begin to work together at least in the 
major regional hospital. The scientifi c society and patients Associations activities are numerous in 
our Regions, giving an important aid in sensitize public opinion and our government to the maximal 
attention and care toward chronic pain. 
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EFFECT OF HYPOTHERMIA ON SOMATOSENSORY EVOKED 
POTENTIALS AND ELECTROENCEPHALOGRAM IN NEONATES 
WITH BIRTH ASPHYXIA

A. Cappellari1, D. De Carlo1, A. Traverso1, I. Festa1, F. Scarabel1, D. Trevisanuto 2, M. Ermani3, 
E. Cainelli4, A. Suppiej1

1  Child Neurology and Clinical Neurophysiology Unit, Department of Paediatrics, University of Padova
2  Neonatal Intensive Care Unit, Department of Paediatrics, University of Padova
3 Bio statistical Unit, Department of Neurosciences, University of Padova
4. Lifespan Cognitive Neuroscience Laboratory (LCNL), Department of General Psychology, University 

of Padova

Introduction

Neonatal somatosensory evoked potentials (SEP) and ectroencefalogram (EEG) have a prognostic 
role in term infants with neonatal encephalopathy due to perinatal asphyxia at normothermia (Suppiej 
et. Al, 2010). Hypothermia has been used to treat those infants and proved to improve their outcome, 
but its effect on SEP and EEG has not jet been defi ned. 

Objective

To study the predictive value of SEP and EEG in hypothermia-treated infants and to compare 
spectral EEG profi les obtained during hypothermia and after re-warming.

Methods

Eighteen infants were recruited by using the TOBY entry criteria (Azzopardi et al., 2009), 
and their outcomes were assessed by Amiel Tison neurological examination and Griffi ths Mental 
Development Scales, at last follow up. The fi rst EEG was recorded as soon as possible and at least two 
channels continuous monitoring were maintained for 72 hours of hypothermia and until attainment 
of normothermia; SEPs and follow-up EEGs were performed at the end of the fi rst week of life. 
Patterns and voltage of EEG background activity and bilateral absence of cortical SEP were assessed 
and correlated with outcome. Spectral analysis using “EEG Analyser”(Micromed) during and post 
hypothermic treatment included: delta, theta, alpha and beta Absolute Power (Abs), Spectral Edge 
Frequency (SEF), Main Dominant Frequency (MDF) and Burst Suppression Ratio (BSR).

Results

Outcome was correlated with fi rst EEG (χ2=7,19, p=0,02) and follow-up EEG (χ2=8,17, p=0,04), 
but not with EEG in hypothermia and at the attainment of normothermia. Bilateral absence of cortical 
SEP was seen in only one of the surviving patients who developed cerebral palsy.

The following spectral parameters in the EEG traces recorded at left and right central locations 
were signifi cantly different in hypothermia compared with normothermia:r Abs Alpha e Beta bands 
(p=0,04), per MDF(p=0,04) e BSR (p=0,009).
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Conclusions

The early EEG patterns and EEG performed towards the end of the fi rst week of life, but not 
EEGs recorded during hypothermic treatment or just after re-warming, can be used to predict 
outcome for infants treated with hypothermia. More data are needed to defi ne the predictive role of 
SEPs. We have shown differences in neonatal spectral EEG profi les between moderate hypothermia 
and normothermia, not previously reported.
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MULTIMODAL INTRAOPERATIVE NEUROPHYSIOLOGIC MONITORING IN 
SCOLIOSIS SURGERY

P. Costa, A. Borio, S. Marmolino, M. Mogno, D. Serpella, G. Isoardo, P. Ciaramitaro, C. Juenemann

Section of Clinical Neurophysiology, CTO Hospital, Torino

Objectives

Neurologic defi cit as a complication in the surgical correction of spine deformities is a major 
concern. Multimodal intraoperative neurophysiologic monitoring (MIOM) is therefore used in 
order to identify any changes at a reversible stage to allow prompt correction of the cause before 
neurological impairment occurs. Aim of this study is to assess the value of MIOM during scoliosis 
surgery.

Matherials/Methods

60 scoliosis surgeries (46 females, 14 males, age 28.2 ± 17.8 yrs, range 13-45) under TIVA/
TCI anesthesia were monitored with muscle-motor evoked potentials (m-MEPs) and peripheral and 
cortical upper and lower limb Somatosensory evoked Potentials (SEPs).

Results

Three patients presented transient intraoperative changes of m-MEPs and SEPs (1) or limited 
to m-MEPs (2): no postoperative neurologic defi cits was observed in these subjects. In 4 cases an 
impending brachial plexopathy was detected by upper limb SEPs. None of our patients experienced 
any kind of MIOM-related complications.

Conclusions

Intraoperative combined SEP and m-MEP monitoring is a safe, reliable and sensitive method to 
detect and reduce intraoperative injury to the spinal cord during scoliosis surgery.
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IMPACT OF INTRAOPERATIVE D WAVE IN SPINE AND SPINAL CORD 
SURGERIES

P. Costa, A. Borio, S. Marmolino, M. Mogno, D. Serpella, G. Isoardo, P. Ciaramitaro, C. Juenemann

Section of Clinical Neurophysiology, CTO Hospital, Torino

Objectives

Combined recordings of epidural (D wave) and muscle motor evoked potentials (m-MEPs) has 
been proposed in many studies in intramedullary spinal cord tumors (IMSCT) surgery, although not 
all agree. Furthermore it’s unclear the usefulness of intraoperative monitoring of motor systems by 
using both methods in other types of spine surgery. The aim of this study is to test the impact of 
intraoperative D wave on monitorability and motor outcome in spine surgery.

Matherials/Methods

Intraoperative recording of posterior tibial nerve Somatosensory Evoked Potentials, lower limb 
m-MEPs (LLm-MEPs) and epidurally recorded D wave caudally to the surgical level was attempted 
in 103 spine and spinal cord surgeries (23 IMSCT, 55 extramedullary spinal cord tumors and 25 
myelopathies).

Results

The overall monitorability was 97.1%, being at least one of the three modality applicable in 100 
surgeries. Baseline LLm-MEPs were recorded bilaterally in 85 surgeries and unilaterally in 11. A 
caudal D wave was recorded in 97 surgeries. Transient or persistent intraoperative modifi cations 
occurred in 14/23 of IMSCT, 5/55 of extramedullary spinal cord tumors and 2/25 myelopathies. A 
persistent stable caudal D wave correctly predicted a good motor outcome even in case of LL-MEPs 
absent or lost during surgery.

Conclusions

Intraoperative D wave recording has to be considered mandatory in IMSCT surgery and should 
be attempted in other types of spine and spinal cord surgeries, particularly in compromised patients 
with absent or poorly defi ned LL m-MEPs.
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PATHOLOGICAL GAMBLING IN PATIENTS WITH MOVEMENT 
DISORDERS: SUBTHALAMIC DOPAMINE-RELATED OSCILLATIONS 
DURING AN ECONOMIC DECISION-MAKING TASK

M. Fumagalli 1,2, M. Rosa 1, G. Giannicola 1, S. Marceglia 1, D. Servello 3, C. Pacchetti 4, M. Porta 3, 
A. Franzini 5, A. Albanese 5, L. Romito 5, C. Lucchiari 6, G. Pravettoni 6, A. Priori 1,2

1 Centro Clinico per la Neurostimolazione, le Neurotecnologie ed i Disordini del Movimento, 
Fondazione IRCCS Ca’ Granda, Ospedale Maggiore Policlinico, Milan

2 Dipartimento di Scienze Neurologiche, Università degli Studi di Milano, Milan
3 Neurochirurgia Funzionale e Clinica Tourette, IRCCS Galeazzi, Milan
4 Unità Operativa Parkinson e Disordini del Movimento, IRCCS Istituto Neurologico Mondino, Pavia
5 Fondazione IRCCS Istituto Nazionale Neurologico Carlo Besta, Milan
6 Dipartimento di Scienze Sociali e Politiche, Università degli Studi di Milano, Milan

Aim of the study

Pathological gambling (PG) is an impulse control disorder characterized by a propensity to 
excessive risk that develops in up to 8% of patients with Parkinson’s disease.

This study aims to clarify the pathophysiological mechanisms underlying PG. In particular, we 
study whether economics decision-making induces specifi c electrophysiological changes in the 
subthalamic nucleus (STN). The hypothesis is that PG could refl ect a dopaminergic dysfunction of 
the reward circuit involving the STN. 

Methods

Seventeen patients with Parkinson’s disease bilaterally implanted in the STN with macroelectrodes 
for deep brain stimulation (DBS) were selected and divided in two study groups. The fi rst group 
comprised nine patients without PG (3 men). The second group comprised eight patients with PG 
related to dopaminergic therapy (6 men). These patients met the DSM-IV-TR criteria for PG.

Patients’ presurgery clinical status was evaluated using the motor part of the Unifi ed Parkinson’s 
Disease Rating Scale (UPDRS III) before (“off”) and after (“on”) they received antiparkinsonian 
therapy. Patients underwent also to a cognitive and psychological evaluation.

All patients were bilaterally implanted in the STN with macroelectrodes for DBS. Four days 
after surgery LFPs were bipolarly captured from the contact pair 0-2 of the DBS macroelectrodes 
while patients engaged in a decision-making task involving economics. The task required to patients 
to choice between stimuli pairs, in order to maximize monetary gains. Stimulus pairs comprised 
stimuli with the same probability to win (neutral trials) and different probability to win (confl ictual 
trials).

Results

STN LFPs recorded in parkinsonian patients without PG showed a specifi c modulation in the 
low-frequency band (dopamine-related oscillations, DRO) during economics decisions (p<0.005). 
In patients with PG, recordings showed a signifi cantly different pattern of DRO activity specifi cally 
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and selectively during confl ictual economical decisions (p=0.040).
Comparison between patients with and without PG reveals a confl ict-dependent difference in 

DRO dynamics in the two groups (p=0.02).

Conclusion

Our fi ndings indicate that STN DRO modulation refl ects dopaminergic reward circuit activation 
during economics decisions. The distinct pattern in PG patients suggests that a dopaminergic 
dysfunction of the reward circuit at STN level may result in abnormal confl ictuality processing 
ultimately leading to PG.
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THE EFFECTS OF LEVODOPA AND ONGOING DEEP BRAIN STIMULATION 
ON SUBTHALAMIC LOW-FREQUENCY  OSCILLATIONS IN PARKINSON’S 
DISEASE. TOWARD NOVEL BRAIN SIGNAL-CONTROLLED DEVICES FOR 
ADAPTIVE DEEP BRAIN STIMULATION?
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Aim of the study

Although deep brain stimulation (DBS) is effective in treating advanced Parkinson’s disease 
(PD), new systems could optimize stimulation to manage Parkinsonian symptoms. Local fi eld 
potentials (LFPs) recorded from the subthalamic nucleus (STN) in patients with PD undergoing 
DBS show that levodopa and DBS modulate STN oscillations. Because previous research revealed 
that LFP recordings show abnormal beta LFP oscillations in only 60% of patients, we designed 
this study to test the effect of  levodopa intake and during ongoing DBS on low-frequency (LF) 
oscillations. 

Methods

LFPs were recorded in 19 patients with advanced PD, three days after the DBS surgery, during 
ongoing DBS or levodopa medication or both. Variables investigated were the combined action 
of DBS and levodopa, the relationship between macroelectrode impedances and DBS-/levodopa-
induced LF modulations and the possible correlation between patients’ clinical features and STN 
LF oscillations. 

Results

We found that DBS, levodopa and the combined therapies increased LF power (p=0.022, 
p=0.041, p=0.003) and that the higher the macroelectrode impedance, the higher the LF power 
increase induced by DBS or levodopa or both therapies combined (p=0.012, p=0.021, p<0.005), 
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with clinical improvement in all patients. In fact, we found that UPDRS III in ON medication was 
signifi cantly correlated with LF power after medication intake in all patients (R2=0.262, p=0.026).

Conclusions

These observations provide useful information that LF oscillations could be used for new 
neurosignal-controlled adaptive DBS system for patients with PD and that unlike beta activity does 
not have the disadvantage of being observed only in a subgroup of patients. 
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TRIGEMINAL SEPs RECORDED FROM DBS LEAD IMPLANTED IN 
THE PEDUNCULOPONTINE TEGMENTAL NUCLEUS AREA 

A. Insola1, P. Mazzone2, M. Valeriani3

1Unità Operativa di Neurofi siopatologia,Rome
2Unità Operativa di Neurochirurgia funzionale e stereotassica, CTO, Rome
3Divisione di Neurologia, Ospedale Pediatrico Bambino Gesù, IRCCS

 

Objective

To investigate the origin, features and the reliability of the Trigeminal Somatosensory Evoked 
Potentials (T-SEPs) recorded by an electrode implanted in the Pedunculopontine Tegmental Nucleus 
(PPTg) area for deep brain stimulation (DBS).

Methods

Six patients, suffering from parkinson disease (PD) resistent to pharmacological treatment and 
especially affected by gait disturbances and postural instability, underwent electrode implantation 
in the PPTg for neuromodulation. The trigeminal nerve stimulation was performed through 
needle electrodes introduced subcutaneously into upper (anode) and lower (cathode) lip. T-SEPs 
were recorded simultaneusly from the 4 macroelectrode contacts and from the scalp surface in 
the operating room under general anesthesia and curarizzation immediately after PPTg targeting. 
Beyond the low-frequency SEPs, also the high-frequency oscillations (HFOs), obtained by fi ltering 
the PPTg recorded traces by means of a 400-2500 Hz bandpass offl ine, were analysed.

Results

The DBS quadrupolar electrode recorded two distinct triphasic potentials, one after the other, the 
fi rst with an average latency of 5.4 ± 1.3 ms, thus labelled as N5 and the second with 8.1± 0.4 ms, 
thus labelled as N8. While there was no shift of N5 latency from the contact 0 (lower) to contact 3 
(upper) of the brainstem electrode, it was of 0.2 ± 0.1 ms for N8. The scalp electrodes recorded the 
P9 far-fi eld response (9.3 ± 0.3 ms of latency) and the cortical N14 potential (14 ± 1.7 ms of latency). 
A main HFOs peak was identifi able at around 1600 Hz in all PPTg traces. Also the HFOs bursts 
showed a shift latency of 0.2 ± 0.1 ms from contact 0 to contact 3 of the DBS lead.

Conclusions

Our fi ndings suggest that the two waves recorded from the PPTg macroelectrode at ponto-
mesencephalic level are the fi rst a stationary potential arising from the main sensory tigeminal 
nucleus, the second a travelling potential arising from the trigeminal lemniscus. The low-frequency 
PPTg T-SEP component is subtended by a 1600 Hz HFO, probably generated by the somatosensory 
volley travelling along the trigeminal lemniscus. The scalp N14 represent the fi rst cortical response.
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Signifi cance

The subcortical and cortical responses recorded from the DBS lead and from the scalp are of non-
muscolar origin and represent reliable neurogenic components of the trigeminal nerve projection 
generated respectively in the brainstem and in the primary sensory cortex. 
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ADHESIVE LARYNGEAL ELECTRODES FOR INTRAOPERATIVELY 
MONITORING MPE IN THE VOCAL MUSCLES. TWO CASES REPORT 
OF THE SKULL BASE SURGERY

L. Motti, F. Ferrari, R. Sabadini, G.Torre 

Azienda Ospedaliera S. Maria Nuova Reggio Emilia UOS Neurofi siologia

We report a multimodal monitoring of skull base surgery with main interest in recording vocal 
muscles by a new adhesive Laryngeal Electrodes. 

Muscle motor evoked potential (MEP) obtained by transcranial electrocortical stimulation (TES) 
is the main tool used to monitor the major motor intraoperatively pathways also by corticobulbar 
tract. It is known1 that to record MEPs from muscles is necessary to use two hookwaves electrodes 
placed in the vocal muscles after intubation. We want to introduce a new technique of vocal cord 
study by the surface electrode stuck on the endotracheal tube placed on the vocal cord.

We want to stress that this technique offers a stability of response, a relative more comfort in 
detecting the potential signal with the advantage to abandon the hookwaves electrodes. 

Our experience guides us to keep and deep this new methodology in skull base surgery.

Referenceses
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Aim of the study

Local fi eld potentials (LFPs) recorded from the subthalamic nucleus (STN) in patients undergoing 
deep brain stimulation (DBS) for Parkinson’s disease (PD) showed that DBS has a controversial effect on 
STN beta oscillations 2-7 days after surgery for macroelectrodes implantation depending on the baseline 
beta activity. Nothing is known however about these DBS-induced oscillatory changes 30 days after 
surgery. Yet, the stationary of LFP would be an essential requirement for the development of novel closed 
loop adaptive DBS devices. Hence we designed this study to assess the stationary of STN LFP changes 
during ongoing DBS one month after DBS surgery in patients with PD.

Methods

We recorded bilaterally STN LFPs during ongoing DBS with the FilterDBS device (Newronika, 
Milan, Italy) in 7 patients with PD, immediately (hyperacute phase) and 30 days (chronic phase) 
after surgery.

Results

STN LFP recordings showed stationary intra-nuclear STN beta LFP activity in hyperacute and 
chronic phases, confi rming that beta power peaks maintain at long term recording. Power spectra for 
all nuclei showed that during DBS beta activity did not change, whereas nuclei with signifi cant beta 
activity (54% of the sample) showed that it decreased signifi cantly by 40% (p=0.021), although beta 
activity decreased more in the chronic than in the hyperacute phase (p=0.014).

Conclusions

We found a signifi cant beta STN LFP activity in approximately half of our sample. When 
present, beta activity signifi cantly decreased even after one month and, hence, it could ground the 
development of novel adaptive DBS systems in selected PD patients. 
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THE RESTING BRAIN IN EPILEPSY: NON-LINEAR FUNCTIONAL 
CONNECTIVITY MEASURES IN FMRI REVEALS THE POSSIBILITY 
TO MAP LOCAL AND DISTANT COMPENSATORY CHANGES IN 
SINGLE SUBJECT STUDY
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Purpose

The neuroanatomical basis of epilepsy can affect sources and targets of neuronal projections, and 
over the course of the illness seizure related activity can possibly induce changes in the cross-talk 
among brain areas through plasticity. Both mechanisms could affect connectivity and suggest the 
use of connectivity measures in epilepsy research and patient management. Here we put forward 
the use of fMRI “resting-state” (fMRI-RS) methodology to characterize functional connectivity 
patterns in epilepsy patients and address its specifi city in different epilepsy conditions. Furthermore 
we collected a wide fMRI-RS normative database in control subjects and assessed the possibility to 
use it for single patient management.

Method

Epilepsy patients accessing the Department of Neurology of the Policlinico “Le Scotte” of Siena 
– TLE (n=25 left, 20 right, 5 bilateral), FLE (n=25), EGI (n=11) - and 150 controls underwent no-task 
fMRI (1.5 T Phillips Intera, 178 scans,TR=2.5). After standard preprocessing and spurious variance 
removal, average time series were extracted from the whole brain split into 100 ROI. Normalized 
pairwise connectivity metrics fi lled connectivity matrices and entered specifi c statistics aimed to: 
1.investigate group related differences including the focus and at a distance; 2. address lateralization; 
3. Identify the most sensible connectivity metrics; 4. assess the possibility of connectivity-based 
diagnosis and focus localization by pulling single cases and comparing connectivities against 
normative data from controls. 

Results

1. We observed differences in connectivities inside networks both including the putative focus 
and at a distance; 2. Results on the bigger patient sample – TLE – showed how hippocampus-to-all-
brain connectivity can differentiate right TLE vs left TLE; 3. Non-linear associations as captured by 
mutual information in the low frequency domain demonstrated to be more sensitive than common 
linear approached to group differences, and (4.) to map local and distant deviations of single subjects.

Conclusion

We provide support for the use of connectivity oriented analysis to uncover local and diaschis/
compensatory changes potentially useful for epilepsy research and management.
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A HUMAN BRAIN PACE MAKER

P. Zanatta1, A. Bet2, P. Di Pasquale3, E. Bosco1, G.M. Toffolo2
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Objective

Slow rhythm in the human and animals brain both on the blood fl ow velocity and on the 
electrical activity has been investigated in the recent past. The rationale of our research was to 
evaluate the possible coupling between slow wave oscillation of blood fl ow velocity and neural 
activity in the human brain. The absences of the cardio-respiratory activity during the hypothermic 
cardiopulmonary bypass in heart surgery were a successfully experimental model in detecting and 
studying these rhythmic brain behaviours.

Method

Bilateral continuous Transcranial Doppler of both middle cerebral arteries was intraoperatively 
recorded in 23 patients during moderate hypothermic cardiopulmonary bypass after the clamping 
of the ascending aorta; the patients were also continuously subjected to a frontal-parietal channels 
EEG and to somatosensory evoked potentials (SEPs). Statistical analysis was performed on TCD 
and EEG data corresponding to the time in which slow fl uctuations in brain blood fl ow velocity 
appeared. 

Results

A Period of 14 sec between every blood fl ow fl uctuations was found and a mean blood fl ow 
velocity of 30-40 cm/sec was recorded; the parametric spectral analysis according to the Akaike 
criteria showed for all patients a 0.07 Hz peak frequency. The approximate cross entropy algorithm 
of the brain blood fl ow velocity/EEG theta rhythm showed a predictability and regularity of 
the electro-vascular signals during time. During a condition of more profound anesthesia, the 
analysis of correlation between the number of blood fl ow velocity oscillations and the numbers of 
electroencephalographic burst activity showed a correlation of 0’84854493. We also showed that the 
anaesthesia level, microembolic injuries and high intensity electrical stimulation on peripheral nerve 
induced a synchronous coupling perturbation of this neurovascular slow wave activity.

Conclusion

Here we showed the existence of a possible brain pace maker, potentially located in the deep mid 
brain, fi ring lower than 0.1 Hz controlling the coupling of slow brain electro-vascular activity. This 
fi nding might clarify the origin and physiology of the slow wave brain fl uctuations than until now 
has been a mystery.
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PERSISTENCE OF CEREBRAL BLOOD FLOW DETECTED BY 
TRANSCRANIAL COLOR-DOPPLER AND CEREBRAL ARTERIES 
ANGIOGRAPHY IN EARLY STAGE OF CLINICAL BRAIN DEATH 
DIAGNOSIS CONFIRMED BY EEG AND EVOKED POTENTIALS, IN 
A PATIENT WITH CRANIECTOMY AND VENTRICULAR DRAINAGE. 
CLINICAL CASE REPORT

P. Di Pasquale1, L. Zattoni2, F. Michielan1

1Anaesthesia and Intensive Care Department, Rovigo Hospital, Rovigo
2 Radiology Department, Rovigo Hospital, Rovigo

Background

Most European guidelines mandate loss of bioelectrical activity and/or of cerebral circulatory 
arrest demonstration to confi rm clinical diagnosis of brain death. 

According to reports in the literature and opinion of the members of the Task Force Group, 
Doppler ultrasound is suffi cient to reliably confi rm cerebral circulatory arrest, if ventricular drainage 
and large skull opening, like in decompressive craniectomy, possibly interfering in intracranial 
pressure (ICP) development, are not present; infact false negative Transcranial Doppler (TCD) 
diagnosis are reported in this condition.

Case presentation

The patient, male, 41 years aged, affected by subarachnoid hemorrhage due to rupture of anterior 
communicant artery aneurism, underwent urgency to endovascular coiling. The procedure was 
complicated by re-bleeding and acute intracranial hypertension development, treated by external 
ventricular drainage (EVD), craniectomy and aneurism clipping. Due to intractable intracranial 
hypertension development, Transcranial clor-Doppler (TCCD) evidence of Middle Cerabral Artery 
(MCA) vasospasm, electroencephalography (EEG) parossistic graphoelements presence, abrupt 
bilateral loss of N20 waves and auditory brain response (ABR) abnormal III-V waves low amplitudes 
and interpeack latencies, barbiturate coma was started on 2ND day and continued next four days. 
Two days after barbiturate infusion stop, when serum barbiturate values reached very low levels, 
under therapeutic range, the patient showed clinical signs of brain death, confi rmed by absence of 
EEG activity , loss of N20 and ABR. In contrast, persistence of forward TCCD fl ow was evident, 
confi rmed by angiographyc injection of MCA and basilar artery (BA) without venous phase. Both 
TCCD and angiographic pattern of complete cerebral circulatory arrest (CCA) were demonstrated 
24 hours later and patient was declared dead according to Italian code.

Discussion 

Diagnosis of brain death is clinical. On the other side, most codes mandate demonstration of 
loss of cerebral electrical activity or cerebral circulatory arrest or both to confi rm the diagnosis. 
Angiography is gold standard to demonstrate CCA and consequently loss of whole brain functions.

Doppler-sonography of the intra- and extracranial arteries can detect evolving or complete 

Libro_riassunti_c12.indb   141Libro_riassunti_c12.indb   141 14/09/11   14:4814/09/11   14:48



142

cerebral circulatory arrest with high specifi city. False negative TCD diagnosis are reported in 
patients who underwent craniectomy or ventricular drainage.

We observed TCCD and angiographic fl ow signal modifi cations next two days after clinical 
diagnosis of brain death confi rmed by EEG and evoked potentials (EP).

The preservation of the forward fl ow signal resulted from a skull defect with ventricular drainage, 
which permitted the relief of the markedly increased intracranial pressure. A previously published 
report showed that a brain dead individual could have a forward or even normal TCD fl ow pattern in 
the earlier stages. In all these observations and reports, time dependent specifi c fl ow patterns were a 
factor leading to the TCD diagnosis of brain death.

Still possible slight modifi cations of ICP and cerebral perfusion pressure (CPP), after brain 
death diagnosis, due to abnormal compliance of the skull, in presence of craniectomy or EVD and 
inotropic drugs infusion, allow injection of cerebral arteries, without parenchimographic and venous 
phases, and this, of course, does not mean adequate neuronal perfusion.

Several sudies indicate 100% specifi c TCD pattern of brain death is reached in 24-36 hours after 
clinical diagnosis 

Conclusion

This case report shows concordance of TCCD and angiography in early stage of brain death 
clinical diagnosis confi rmed by EEG and EP in a patient with craniectomy. TCCD persistence of 
forward fl ow signal resulted from a skull defect with ventricular drainage and subsequent relief of 
the markedly increased intracranial pressure cannot be considered as false negative. Waiting both 
angiographic and TCD- TCCD complete CCA pattern , after clinical diagnognis of brain death 
confi rmed by neurophysiologic examinations, could compromise organ prelieve, in case of brain 
death in patients with craniectomy.
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APPROCCIO INTEGRATO MULTIDISCIPLINARE PER VALUTARE 
LA RIORGANIZZAZIONE FUNZIONALE NELLA POLIMICROGIRIA 
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Scopo

Analizzare il riarrangiamento delle funzioni sensorimotorie nella corteccia polimicrogirica, 
mediante un approccio multidisciplinare.

Materiali e metodi

Cinque pazienti adulti con polimicrogiria unilaterale sono stati sottoposti a Mappaggio mediante 
Potenziali Evocati Sensitivi (PES) e motori (PEM) e RMN funzionale. I potenziali evocati 
somatosensoriali a breve latenza dopo stimolazione del nervo mediano sono stati registrati dai 19 siti 
del sistema 10-20, La stimolazione magnetica transcranica è stata applicata alla corteccia motoria di 
ciascun emisfero per mappare la rappresentazione corticale del muscolo primo interosseo. Abbiamo 
calcolato l’area, il volume e il centro di gravità di ogni mappa. La RMN funzionale è stata effettuata 
durante stimolazione tattile e compito motorio della mano

Risultati

I PES hanno mostrato una alterazione della N20 in 3 pazienti ed asimmetria della N30 in due. 
La mappa motoria era bilateralmente più ampia che in soggetti di controllo, maggiormente a carico 
dell’emisfero affetto. Nell’emisfero affetto le mappe motorie erano distorte con centro di gravità 
dislocato lateralmente; inoltre la distanza tra centro di gravità e l’hot spot (punto in cui il potenziale 
motorio è ottenuto con minima soglia, minima latenza e massima ampiezza) era aumentata a 
confronto con l’emisfero non affetto. La FMRI ha mostrato un’attivazione dell’area polimicrogirica 
in 4 soggetti ed una attivazione anche ipsilaterale in 2.

Conclusioni

I nostri dati, anche se preliminari, suggeriscono una riorganizzazione funzionale della corteccia 
polimicrogirica. L’utilizzo di un approccio multidisciplinare appare particolarmente utile nello studio 
funzionale delle malformazioni corticali data l’imprevedibilità e la variabilità di organizzazione 
funzionale che le caratterizza.
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Introduction

Magnetic Resonance Imaging techniques suggest that spinal cord involvement is similar in 
primary ad secondary progressive Multiple Sclerosis; on the contrary brain involvement appears 
less severe in PPMS compared to SPMS.

Objectives: to search for differences in the pattern of multimodal Evoked Potentials (mEPs) 
abnormalities in the primary (PPMS) and secondary (SPMS) progressive multiple sclerosis (MS), 
supporting the results of the MRI studies.

Methods

Visual EPs (VEPs), somatosensory EPs (SEPs) and motor EPs (MEPs) were recorded in 136 
patients affected by progressive MS followed clinically at our centre: 62 SPMS (age 44.5 + 9.5, 
disease duration 20 + 6.7, females 36, EDSS 4.8 + 1.5) and 74 PPMS (age 49.7 + 10.9, disease 
duration 11.8 + 6.5, females 31, EDSS 4.8 + 1.4). Among SPMS patients, 21 had clinical history of 
optic neuritis (ON) in a single eye and 6 in both eyes.

Results

Visual functional system (FS) was worse in SPMS compared with PPMS even when excluding 
patients with previous ON (p<0.0001). No signifi cant group differences were found on pyramidal 
and sensory FS. The frequency of EP abnormalities and absent responses was signifi cantly higher in 
SPMS compared with PPMS for VEPs (p=0.002; Chi-square 4.80) also excluding eyes with previous 
ON (p=0.03, Chi square 4.20) and upper limb SEPs (p=0.017; Chi square 5.64). VEPs amplitude 
was lower in SPMS compared with PPMS (also excluding eyes with previous ON, p=0.001; test 
t). Central motor conduction time (CMCT) for upper limb MEPs was higher in SPMS (p=0.02; 
test t) than in PPMS. When quantifying the severity mEPs abnormalities according to a 4-graded 
conventional score (from normal to absent responses), SPMS scored higher compared with PPMS 
both concerning VEPs (p=0.006; test t) and median SEPs (p=0.05; test t).

Conclusion

A worse impairment in SPMS compared with PPMS, of upper limb sensorimotor pathways as 
from EPs, but not from FS, may be explained by differences in disease duration and severity but 
points out to a higher sensitivity of EPs compared with standard clinical measures alone. However, 
the fi ndings of a lower VEPs amplitude in SPMS and a higher frequency of VEPs and SEPs absent 
responses in SPMS point out to a different underlying pathological substrate in the two forms of the 
disease, with a more prominent conduction block/axonal loss from longer demyelinating lesions in 
SPMS, and more scattered and shorter lesions in PPMS patients.
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IN PATIENTS WITH PAINFUL NEUROPATHY ALLODYNIA IS 
MEDIATED BY SENSITIZATION OF PERIPHERAL NOCICEPTORS 
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Patients with painful neuropathy frequently complain of allodynia, i.e. pain in response to a 
normally non-painful stimulus. Most authors consider allodynia to be generated by sensitization of 
the second-order nociceptive neurons to Aβ-fi bre input (central sensitization). Thus we hypothesized 
that patients suffering from allodynia probably have a relative sparing of Aβ-fi bres in comparison 
with patients with ongoing pain only. 

In 200 patients with distal symmetric polyneuropathy (113 with pain, 87 without) we assessed 
non-nociceptive Aβ- and nociceptive Aδ-afferents to investigate their role in the development 
of allodynia. After a detailed clinical examination and pain questionnaires patients underwent a 
standard nerve conduction study (NCS) to assess Aβ-fi bre function, and laser-evoked potentials 
(LEPs) to assess Aδ-fi bre function. 

Thirty-three out of 87 patients with painful neuropathy suffered from allodynia. While NCS data 
did not differ between patients with and without allodynia, (P>0.50),  LEP amplitude was higher in 
patients with allodynia than in those without (P<0.01).

Our data argue against a possible role of Aβ-fi bres and central sensitization as the main mechanism 
for the development of allodynia in distal symmetric polyneuropathy. The partially preserved LEPs 
in patients with allodynia suggests that this type of pain might be related to the abnormal reduction 
of mechanical threshold of nociceptive terminals that were spared but became hyperexcitable.
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DEFECTIVE INHIBITION IN THE VISUAL SYSTEM OF 
PHOTOSENSITIVE PATIENTS WITH IDIOPATHIC GENERALIZED 
EPILEPSY

G. Strigaro, P. Prandi, C. Varrasi, F. Monaco, R. Cantello

Dipartimento di Medicina Clinica e Sperimentale, Sez. Neurologia. Università del Piemonte 
Orientale, Novara

Objectives

To assess neural inhibition in the visual system of photosensitive patients with idiopathic 
generalized epilepsy. Inhibition was measured through paired-pulse fl ash-evoked potentials 
(F-VEPs), a recently revived neurophysiological tool (Cantello et al., 2011).

Patients and Methods

We studied 19 photosensitive IGE patients (16 females, mean age 27.7 ys; SD 7.4) currently 
treated with antiepileptic drugs. They all showed a documented photoparoxysmal EEG response. 
Twenty-two normal subjects of similar age and sex acted as controls (17 females, mean age 23.3 ys; 
SD 2.1). We recorded F-VEPs from 3 scalp locations (Oz-Pz; C4-Fz and C3-Fz); bandpass 1-1000 
Hz; sampling rate 10 KHz. Stimuli were single fl ashes, intermingled at random to fl ash pairs at 
the internal frequencies of 8, 16, 20, 30, and 60 Hz, chosen for their interest in the origin of the 
photoparoxysmal response. One hundred sweeps were collected for any stimulus type and averaged 
off-line. Recordings were done both with closed and open eyes. The single (unconditioned) F-VEP 
was split into a “main complex” (50 to 200 ms after the fl ash) and an “afterdischarge” (200 to 400 
ms after the fl ash). Of these epochs, the maximum peak-to-peak amplitude and the RMS values were 
considered. The conditioned F-VEP emerged from electronic subtraction of the single F-VEP to the 
paired F-VEP. Its size was expressed as conditioned /unconditioned F-VEP * 100. Grouped data 
were analyzed by means of non-parametric tests.

Results

In the “eyes-closed” state, the normal inhibition of the “main complex” of the conditioned 
F-VEP was replaced by a paradoxical facilitation, which was signifi cant at the frequency of 16, 20 
and 30 Hz (maximum at 20 Hz = 140% SD 78; normal values = 78.4% SD 21; p<0.01). This applied 
to the occipital as well as the central electrodes. The “afterdischarge” reacted in a similar way, with 
a signifi cant (p<0.05) enhancement at 20 and 30 Hz (occipital electrodes) and at 16-20 Hz (central 
electrodes). Interestingly, in the “eyes-open” state no signifi cant changes in the “main complex” 
were detected at Oz-Pz.

Conclusions

In the present IGE patients, the normal inhibitory effects seen with the paired F-VEP technique 
in the occipital cortex were defective. This was particularly evident in the “eyes-closed” state, and 
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at the stimulus frequencies of 16-30 Hz, i.e. the most effective in triggering the photoparoxysmal 
response. The phenomenon involved the central areas as well, possibly refl ecting loss of inhibition 
along projections from the visual cortex. We thus document a loss of inhibition in the visual system 
of photosensitive IGE patients, whose features can represent an important mechanism underlying 
the origin of the photoparoxysmal response.

Reference

1. Cantello R, Strigaro G, Prandi P, Varrasi C, Mula M, Monaco F. Paired-pulse fl ash-visual evoked potentials: 
New methods revive an old test. Clin Neurophysiol. 2011;122:1622-8
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ARE CONCENTRIC ELECTRODE EVOKED POTENTIALS REALLY 
SELECTIVE AND PAIN-RELATED? A COMPARATIVE STUDY OF 
CENTRAL AND PERIPHERAL RESPONSES EVOKED BY CONCENTRIC 
AND STANDARD SURFACE ELECTRICAL STIMULATION

A. Comanducci, B. Gori, C. Martinelli, M. Spalletti, F. Pinto, A. Amantini, A. Grippo

Unit of Clinical Neurophysiology, DAI Neurological Sciences, University of Florence 

Introduction

A concentric surface electrode (CE) was recently proposed for noninvasive selective stimulation 
of small nociceptive fi bers. According to recent studies, its concentric geometry and small anode-
cathode distance can provide relatively low current intensities which limits depolarization to 
nociceptive fi bers in the superfi cial layer of the dermis without recruitment of deeper lying non-
nociceptive fi bers. 

In this study we aimed to evaluate whether this technique could be considered really selective 
both in the peripheral and in the central nervous system. 

Objectives

• to verify if it’s possible to record a peripheral sensory nerve action potential (SNAP) using 
the CE in the territory of a common standard nerve

• to compare cortical evoked potentials (EPs) obtained using the CE and a pair of standard 
surface electrodes (SE) in the same experimental conditions (stimulus intensity, stimulation 
and recording sites).

Methods

• First we performed an orthodromic study using the CE as a stimulator in the territory of the 
Median nerve (proximal phalanx of digit III) in 10 healthy subjects. Recording electrodes 
were placed along the course of the Median nerve at the wrist. In each subject we built a 
recruitment curve in order to achieve the minimum intensity able to evoke a reproducible 
SAP. Then we compared the CE- and the standard SE-thresholds. 

• In the second part of our study, we recorded CE-EPs and subsequently SE-EPs stimulating 
the same hand area.

Results

• we were able to obtain reproducible CE-SNAPs at low current intensities (mean 2.5mA, 
range 2.1-5.0 mA), with the CE- thresholds lower than SE-thresholds 

• latency and amplitude of the cortical vertex CE-EPs and SE-EPs were not signifi cantly 
different.
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Conclusions

The recording of a reproducible SAP using the CE strongly suggests an A-beta fi bers coactivation 
at range intensities commonly used in previous studies to evoke the so called “pain-related EPs”.

In addition, the similarity of the EPs obtained using both types of electrodes strongly disagrees 
with the supposed CE-selective stimulation of small nociceptive fi bers. CE-EPs are probably entirely 
subtended by the few fast fi bers co-activated in the peripheral nervous system according to the “fi rst 
come, fi rst served” theory. In this sense the CE-EPs are likely an example of a multimodal neural 
response of the salience detection system.
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VISUAL EVOKED RESPONSES IN SUBGROUPS OF MIGRAINE WITH AURA

G. Coppola1, C. Di Lorenzo2, F. Pierelli2

1 G.B. Bietti Eye Foundation-IRCCS, Dept of Neurophysiology of Vision and Neurophthalmology, Rome
2 Department of Medical and Surgical Sciences and Biotechnologies, Latina, “Sapienza” University 

of Rome Polo Pontino

Background

Migraine patients are characterized between attacks by an abnormal visual cortical reactivity. In 
fact, lack of visual evoked potentials (VEPs) amplitude habituation was disclosed equally in migraine 
with and without aura, i.e. the two forms of migraine that are traditionally differentiated from each 
other. Patients suffering from migraine with aura could experience pure visual symptoms, and/or 
complex aura with sensory disturbances and dysphasia. The pathophysiology of these subgroups of 
common forms of migraine with aura has been studied rarely.

Method

Thirty-two migraine with aura patients were subgrouped in migraine with pure visual aura (MA, 
N=17) and migraine with complex aura (MA+, N=15), i.e. those who had visual aura associated 
with paraesthesia and/or dysphasia. We recorded VEPs (15 min of arc cheques, 3.1 reversal rate, 600 
sweeps) amplitude and habituation (slope of the linear regression line for N1-P1 amplitude from the 
1st to 6th block of 100 sweeps) in patients and in 23 healthy volunteers (HV) of comparable age and 
gender distribution.

Results

First VEP N1-P1 amplitude block was lower in MA than in HV (P= 0.04) and increased across 
the successive blocks (mean slope + 0.05, P=0.04), although never exceeding 1st amplitude block 
of HV. In MA+ 1st VEP amplitudes did not differed from those of HV, but increased instead of 
decreasing in the subsequent blocks, remaining well above 1st amplitude block of HV during the 
whole time of visual stimulation (slope + 0.19, P=0.01).

Conclusion

We found different patterns of visual responses in subgroups of MA patients. We hypothesize 
that a different genetic load and energetic metabolism may characterize migraine with aura patients 
with more severe focal symptoms.
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EVOKED POTENTIAL ABNORMALITIES PREDICT DISABILITY 
PROGRESSION AT 5 YEARS IN PATIENTS WITH CIS

G. Di Maggio, M. Bianco, S. Medaglini, L. Moiola, M. Radaelli, L. Straffi , U. Del Carro, S. Amadio, 
V. Martinelli, G. Comi, L. Leocani

HSR San Raffaele, Milano

Background and objective

The usefulness of evoked potentials (EPs) in patients with clinically isolated syndrome (CIS) 
suggestive of multiple sclerosis (MS) has not been fully clarifi ed. The aim of this study was to assess 
the role of EPs in predicting future disability and the risk of conversion to clinically defi nite multiple 
sclerosis (CDMS) after CIS.

Methods

We retrospectively analyzed 91 patients with CIS. Medical fi les were reviewed for clinical 
presentation. All patients underwent multimodal EPs after a mean time of 2 +/- 1.9 months from 
onset: visual (VEP), somatosensory (SEP) and motor (MEP) evoked potentials were obtained in 
all patients, brainstem auditory evoked potentials (BAEP) in 86. Each EP received an abnormality 
score from 0 to 3 (normal to absent; maximum possible multimodal total sum score=36). EDSS at 2 
(EDSS2) and 5 (EDSS5) years from onset were available in 86 and 91 patients, respectively.

Results

Average global score of abnormal EPs was 5+/- 4. Basal global EPs score signifi cantly correlated 
with EDSS5 (ρ=0.27 p=0.008) and disability progression (EDSS5 – EDSS2; ρ=0.30 p=0.004). EP 
score >5 predicted a higher risk  of disability progression, defi ned as an EDSS increase of at least 0.5 
points (PPV=56% p=0.04). Subclinical EP abnormalities predicted the development of involvement 
of the corresponding FS at 5 years. This predictive value was found for BAEP (PPV=55.6% p=0.04), 
SEP (PPV=30.6% p=0.03), MEP (PPV=90% p=0.03). When excluding, in monofocal patients, EPs 
related to the symptomatic pathway, patients with 2 or 3 abnormal EPs at onset had a higher risk of 
conversion to CDMS (PPV=40.4%  p=0.05).

Conclusions

The present fi ndings suggest that multimodal EPs at onset in patients with CIS have a predictive 
value regarding the evolution of disability. Moreover, a subclinical wide involvement of multiple 
sensorimotor pathways, detected as abnormalities in at least 2 EPs, increases the risk of conversion 
to CDMS.
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CORTICAL PROCESSING OF NOCICEPTIVE IMPUT IN PATIENTS 
WITH FIBROMYALGIA 

G. Di Stefano, S. La Cesa, A. Biasiotta, C. Leone, A. Truini, G. Cruccu

Department of Neurological Sciences. University La Sapienza, Rome

Fibromyalgia is a chronic disorder characterized by widespread pain and tenderness on palpation. 
The pathogenesis is only partially understood, but abnormalities of central pain processing may play 
an important role. To test the cortical excitability in six patients suffering from fi bromyalgia, we 
delivered Aδ laser stimuli, each one following a conditioning C-fi ber stimulus, after 500 ms. The 
delivery of paired stimuli was pseudo-randomly alternated with occasional and unexpected single 
stimuli that served as a control. Whereas in healthy subjects the Aδ laser evoked potentials (LEPs) 
following a conditioning C pulse are heavily depressed, we found that in our patients the Aδ LEP 
amplitude did not decreased signifi cantly. This result suggests that in patients with fi bromyalgia 
alterations in the pattern of cortical excitability may play a key role in the development of pain.  
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SPATIAL ATTENTION IN MIGRAINE CHILDREN DEPENDS ON PAIN 
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1 Headache Center, Division of Neurology, Ospedale Bambino Gesù, IRCCS, Rome
2 Department of Medical-surgical sciences and Biotechnology, Neurology section. University of 

Rome “Sapienza”; 3Center for Sensory-Motor Interaction, Aalborg University, Aalborg (Denmark)

Introduction

Different physiopathological mechanisms are supposed to work in migraineurs with either 
imploding or exploding pain. Previous studies demonstrated that tactile-spatial attention modulates 
the somatosensory N140 component, with increased N140 amplitude for tactile stimuli delivered to 
the attended hand. The aims of the study are: 1) to evaluate whether migraine children with imploding 
or exploding pain are different in spatial attention performances assessed with a neuropsychological 
test for spatial attention. and 2) to investigate the effect of spatial attention on the N140 amplitude in 
migraine children with imploding or exploding pain.

Methods

We studied 11 migraineurs with imploding pain (mean age 11.5±1,5 years) and 9 migraine 
children with exploding pain (mean age 11,3±1,7 years). “Deux Barrage” test for spatial attention 
was administered. Somatosensory evoked potentials (SEPs) to median nerve stimulation were 
recorded from 31 scalp electrodes in a neutral condition (NC) and in a spatial attention condition 
(SAC: the subjects had to count tactile stimuli delivered on the stimulated hand).

Results

The mean values regarding the R1 of “Deux Barrage” indexes was signifi cantly higher in 
imploding than in exploding patients. The N140 amplitude increase during SAC, as compared to 
NC, was signifi cantly higher in patients with imploding than in patients with exploding pain.

Discussion

In our study, migraineurs with imploding pain showed a signifi cant worse performance in “Deux 
Barrage” test and a higher N 140 amplitude increase during SAC, as compared to patients with 
exploding pain.

This suggests not only that spatial attention performances are different between the groups, but 
also that the brain mechanisms subserving spatial attention are different between imploding and 
exploding pain patients.

Conclusions

Our fi ndings support the possibility that different migraine phenotypes correspond to different 
diseases.
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Introduction

Neurophysiological studies to evaluate spatial attention in children with primary headache are 
lacking. Previous studies demonstrated that tactile-spatial attention modulates the somatosensory 
N140 component, with increased N140 amplitude for tactile stimuli delivered to the attended hand. 
The aims of the study are: 1) to investigate the effect of spatial attention on the N140 amplitude 
in children with migraine, with tension-type headache (TTH) and in healthy children, and 2) to 
evaluate possible correlations between neurophysiological results and a neuropsychological test for 
spatial attention (“Deux barrage”).

Methods

We studied 16 patients with migraine without aura (MoA) (mean age 11.7 years), 12 TTH 
children (mean age 12.3 years) and 10 healthy subjects (mean age 11.7 years). “Deux Barrage” test 
for spatial attention was administered. SEPs to median nerve stimulation were recorded from 4 scalp 
electrodes (Fz, Cz, T3 and T4) in a neutral condition (NC) and in a spatial attention condition (SAC: 
the subjects had to count tactile stimuli delivered on the stimulated hand). 

Results

No signifi cant differences in neuropsychological measures were found between MoA, TTH and 
healthy subjects. The N140 amplitude increase during SAC, as compared to NC, was signifi cantly 
higher in patients than in healthy controls. The N140 amplitude increasing during SAC  correlated 
with the R2 index of “Deux Barrage” test in migraineurs, but not in TTH patients.

Conclusions

Our results suggest that spatial attention performances in children with headache are as good 
as those in healthy children. However, the psychophysiological mechanisms underlying spatial 
attention are different in patients with headache, as compared to controls. In migraineurs, the 
positive correlation between the N140 amplitude increase in SAC and the R2 index might suggest 
that a higher amount of attentional resources is needed to reach a normal performance. 
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NEURAL RESPONSE TO TRANSCRANIAL MAGNETIC STIMULATION 
IN ADULT THYROID HORMONE RESISTANCE

M. Caffarelli, C. Terranova, V. Rizzo, S. Benvenga, L. Bartolone, F. Morgante, P. Girlanda,
A. Quartarone 

Policlinico universitario di Messina

Introduction

Thyroid hormone resistance describes a rare syndrome where the thyroid hormone levels are 
elevated but the thyroid stimulating hormone level is not suppressed. The importance of thyroid 
hormones for the normal function of the adult brain is corroborated by the frequent association of 
thyroid dysfunctions with the presence of neurological and psychiatric symptoms.

Objectives

In this study we investigated whether adult thyroid hormone resistance affects cortical excitability 
and modulates inhibitory and excitatory intracortical circuitries by using transcranial magnetic 
stimulation).

Methods

Cortical excitability was probed with transcranial magnetic stimulation in 6 patients with 
thyroid hormone resistance and 10 age-matched healthy controls. We tested motor thresholds, motor 
evoked potential recruitment curve, cortical silent period, intracortical inhibition and intracortical 
facilitation. 

Results

Patients with thyroid hormone resistance showed decreased steepness of the motor evoked 
potential recruitment curves. These changes were paralleled by shorter cortical silent period and 
increased intracortical inhibition. 

Conclusion

Thyroid hormones may infl uence cortical excitability and cortical inhibitory circuits in adults.
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Introduction

Here we describe pre- and post-operative neurophysiological and functional Magnetic Resonance 
Imaging (fMRI) fi ndings in a young epileptic girl with right hemiplegic cerebral palsy.

Objectives

Aim of the study was to demonstrate the feasibility of Transcranial magnetic stimulation (TMS) 
and fMRI for predicting a postsurgical outcome and for evaluating functional cortical reorganization.

Methods

We used TMS and fMRI to evaluate the excitability of the human motor cortex and cortical map 
representation before and after functional hemispherectomy. TMS was performed using single and 
paired pulse stimulation protocol. Cortical silent periods (CSPs), short interval

intracortical inhibition (SICI), volume, area and center of gravity (CoG) of cortical map 
representation were studied before and after surgery. fMRI was done using the Blood oxygenation 
level dependent (BOLD) technique with block-designed protocols.

Results

After surgery the patient showed an improvement of her clinical status and TMS and fMRI 
demonstrated a reshaping of cortical representation of motor cortex and a signifi cant reduction of 
Cortical Silent Periods (CSP).

Conclusions

Before surgery, the combination of a clinical, neurophysiological and neuroradiological 
approach may be predictable of the neurological outcome in epileptic patients. Moreover the patient 
we describe provides new pieces of information in the mechanisms of plasticity underlying motor 
recovery after epilepsy surgery.
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IPSILATERAL HAND MOTOR IMPAIRMENT IN THE EARLY PHASE 
AFTER SUBCORTICAL MONOHEMISPHERIC STROKE
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Ospedale San Raffaele, Neurologia - Neuroriabilitazione – Neurofi siologia, Milano

Objects

To evaluate the motor function of the ipsilateral hand in the early phase after unilateral subcortical 
stroke. 

Methods

We examined 11 patients affected by fi rst unilateral subcortical stroke at 7 (+ 3) days and at 1 
month from the symptoms onset. For both side, hand grip strength and dexterity were measured with 
Martins’s Vigorimeter and 9HPT respectively. Motor threshold (MT) and TMS mapping of three 
upper limb muscles (15% above MT) were performed using focal transcranial magnetic stimulation. 
Data were compared with those of 14 controls of similar age and sex distribution.

Results

Early after subcortical stroke we observed an impairment of 9HPT performed with the ipsilesional 
hand (P=0.005) while grip strength did not signifi cantly differ compared with controls. Moreover, 
cortical representation of the three upper limb muscles over the contralesional hemisphere but not 
MT increased signifi cantly in comparison with controls (P<0.031).  At 1-month follow-up ipsilateral 
hand dexterity signifi cantly recovered (P=0.005) becoming closer to those of controls (P=0.053) at 
the same time hyperexcitability of the contralesional hemisphere signifi cantly decreased (P<0.005). 
9HPT performed with the ipsilesional hand negatively correlated with MT over the contralesional 
hemisphere at follow-up. 

Conclusion

Our data show that unilateral acute stroke induce bihemispheric changes in cortical excitability 
that can negatively infl uence also ipsilesional hand motor performance in particular during complex 
and selective task. This data confi rm that hyperexcitability of the contralesional hemisphere after 
stroke does not really contribute to motor recovery. 
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CHRONIC PELVIC PAIN SYNDROME (CPPS) AND FLOOR 
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2S.O.D. Neurologia, AOUC Firenze

Introduction

CPPS is a condition present in men and above all in women, that involves the pelvic-organ system. 
Traditional therapies (antibiotics, anti-infl ammatories, muscle relaxants) have poor effi cacy. It has 
been suggested that these various disorders might have a unifying pathophysiology, with different 
manifestation. The rMS technique was used in different pathologies (hemicranias, psychiatric 
disease, painful syndromes, etc). The application of rMS in CPPS and other neurourology disease 
is a moot point.

Aim of the study

To value the short, medium and long-term effects of rMS in CPP patients and in few patients 
with FD

Method and Materials

We have studied 48 patients affected by CPPS and 5 with FD in whom neurophysiological and 
urological examinations so that neuroimaging were unable to explain the clinical features. Unlike 
previous data of literature the patients were stimulated in two different place: on sacral spinal cord 
region (0.5 Hz) and on the painful area (10Hz). All patients were treated twice a week for fi ve weeks. 
The outcome was measured with the visual analogic scale (VAS) and quality Life test (QoL-36).
The patients have performer these tests at different times: at the beginning of treatment, at the end 
of therapy and in follow up (1- 6 months).

Result and Conclusion

The results are encouraging: we have obtained a good remission of pain in 67% patients at the 
end of treatment. Now we are evaluating the same treatment in a new group of CPPS using sham 
stimulation so that to confi rm the real effi cacy of this treatment.
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Objective

Face recognition is enabled through a distributed neural network but the relative contribution of 
the single components of this network has not been clarifi ed. Functional neuroimaging data suggest a 
role of face-selective occipito-temporal region in the perception of facial physical features (occipital 
face area, OFA) and invariant aspects of faces such as face identity (posterior superior temporal 
sulcus, pSTS). We used an on-line interference appoach by focal rTMS to invesigate the role of the 
OFA and pSTS in face processing.

Methods

Fifteen healthy volunteers participated in a match-to-sample discrimination task. Stimuli were 
manipulated by morphing technique that changes (morphs) one image into another at different 
levels. Two faces were successively presented for 250 ms: a match-face and a target face.

The target face could be the same (no morphing), different in terms of physical features (low 
morphing), or different both for physical features and identity (high morphing) compared to the 
match face. Focal 20-Hz rTMS at an intensity of 90% resting motor threshold was delivered 
simultaneously to the target face presentation (250 ms).

Four blocks of 45 pairs of stimuli (15 for each level of morphing) were randomly presented in 
four different experimental conditions: 1) baseline (without rTMS); 2) rTMS of the right OFA; 3) 
rTMS of the right pSTS; and 4) rTMS over Cz (cortical control area). Dependent variables were 
accuracy (percentage of correct response), reaction times (RT) and the response confi dence on a 
scale from 1 to 3.

Results

rTMS of the right OFA did not produce signifi cant effect on accuracy ad RT. The interference 
with the right pSTS function produced a slight worsening of the accuracy in the ‘high morphing’ 
condition (75 ± 12%) compared to baseline (82 ± 16%), rTMS of the right OFA (85 ± 15%) and 
rTMS over Cz (83 ± 12%) conditions. However, this effect did not reach statistical signifi cance.

Conclusion

These preliminary data suggest that OFA could not play a crucial role in the holistic face 
processing. The present task implied a global stimulus analysis that likely involves neural regions at 
higher level of the face processing stream. In contrast, OFA is considered to be involved in the early 
processing of face parts. The evaluation of a  larger number of subjects is necessary to clarify the 
role of the pSTS in this task.
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Background

Lack of habituation and abnormal responses to repetitive transcranial magnetic stimulation 
(rTMS) characterize migraine between attacks. Because these immediate and longer-lasting cortical 
changes presumably both refl ect CNS plasticity mechanisms that alter synaptic effectiveness in the 
stimulated cortex through short-and long- term phenomena, altered functional plasticity of sensory 
cortices in migraine was hypothesized. In healthy subjects (HS), paired associative stimulation 
(PAS), in which peripheral nerve stimuli are followed by TMS of the motor cortex, may produce a 
long lasting changes in the excitability of corticospinal output neurons. We report here the effects of 
PAS in migraine without aura (MO) patients. 

Method

Changes in motor evoked potential (MEP) amplitudes were recorded in 10 MO patients and 10 
HS before and after PAS, which consisted of 90 peripheral electrical right ulnar nerve stimulation 
(300% of sensory threshold) and subsequent TMS pulse (120% of motor threshold) over optimal 
site for activation of the fi rst dorsal interosseus (FDI) muscle with a delay of 10ms (excitability 
depressing) or 25ms (excitability enhancing) in a randomized order.

Results – MEP amplitudes decreased after PAS10ms in HS (-4%), whereas they signifi cantly 
increased in MO patients (+44%, p=0.02). PAS25ms signifi cantly increased MEP amplitudes in both 
groups (+33% and +31% in HS and in MO respectively).

Conclusion

These results suggest selective impairment of long-term depression (LTD) mechanisms in 
migraine between attacks. Knowing that somatosensory information, such as that induced by ulnar 
nerve stimulation, reaches the motor cortex via corticocortical fi bres from the somatosensory cortex 
after a relay in the ventrolateral thalamus, or via thalamocortical fi bres from the thalamus, we 
postulate that the impaired LTD mechanisms in migraine could be due to a defi cient thalamocortical 
activation, as already documented in somatosensory evoked high-frequency oscillations studies.
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Objective

Repetitive transcranial magnetic stimulation (rTMS) or repetitive electrical peripheral nerve 
stimulation (rENS) can induce changes in the excitability of the human motor cortex (M1) that is 
often short-lasting and variable, and occurs only after prolonged periods of stimulation. In a previous 
paper we showed that sub-motor threshold 5Hz rENS of the right median nerve synchronized with 
submotor threshold 5Hz rTMS of the left M1 at a constant interval of 25 ms for 2 minutes caused 
a somatotopically specifi c increase in cortical excitability. In this study we used a similar protocol 
with different interstimulus interval (ISI) to evaluated a reduction of motor cortical excitability.

Material and Methods

10 right-handed healthy volunteers were enrolled in this study. 5Hz rPAS consisted of 600 pairs 
of stimuli which were continuously delivered to the left M1 at a rate of 5 Hz for 2 min. Each pair 
of stimuli consisted of an electrical conditioning stimulus given to the right median nerve followed 
by a biphasic transcranial magnetic stimulus given to the left M1. The ISI was set at 15 ms. The 
intensity of electrical stimulus was set at twice the sensory threshold while the intensity of TMS was 
individually adjusted at 90% of active motor threshold. TMS was given over the hot spot of the right 
abductor pollicis brevis (APB) muscle. Before and after rPAS, we measured the amplitude of the 
motor evoked potential (MEP). 

Results

The 5Hz rPAS15ms protocol caused a specifi c decrease in mean MEP amplitudes in the relaxed 
APB muscle.

Conclusions

These fi ndings show that 2 min of 5Hz rPAS with different intervals can induce a bidirectional 
long-lasting specifi c changes in the excitability of the homotopic corticospinal output from the 
stimulated M1.
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Introduction

Time processing is important in several cognitive and motor functions. Processing of time in 
millisecond seems to depend on cerebellar infl uence and repetitive transcranial magnetic stimulation 
(rTMS) of cerebellum has been shown to interfere with temporal discrimination. 

In this study, in order to investigate the effect on a specifi c somatosensory temporal discrimination 
task as STD threshold (STDT) we applied over the lateral cerebellum an inhibitory rTMS protocol 
as the continuous theta burst stimulation (cTBS) and an excitatory one as the intermittent theta burst 
stimulation (iTBS).

Methods

Thirteen healthy subjects (6 females; mean age 27.3 + 4.1 years) underwent STDT test before 
and after applying cerebellar cTBS and iTBS (immediately after, post 15, post 30, post 60 and post 
90 minutes). Cerebellar cTBS and iTBS were performed in different days. STDT test was performed 
by delivering paired electrical stimuli starting with an interstimulus interval (ISI) of 0 ms followed 
by progressively increasing ISI (in 10 ms steps) applied on the right index fi nger. The ISI at which 
the subjects were able to discriminate the pair of stimuli as separate in time was considered the STD 
threshold. Each session comprised four separate blocks.

Results

Cerebellar cTBS and iTBS did not induce any signifi cant modifi cation of STDT with respect to 
basal value. However, at “post 0” time, an opposite effect of cTBS and iTBS was observed, with a 
signifi cant difference between the two groups (p= 0.03).

Discussion

Our fi ndings suggest that cerebellum may have some infl uence on STDT, consistently with its 
role in temporal discrimination processes in the millisecond range. The effect of cerebellar TBS on 
STDT seems to be short lasting (<15 minutes).
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Objective

The repetitive transcranial magnetic stimulation (rTMS) is increasingly recognized as a 
therapeutic treatment in epilepsy (1). The slow frequnency, that in normal subject produces a 
suppression of cortical excitability, improves drug resistant epilepsia (2). Here we evaluated the 
number of seizure and intercritical epilettiforms discharges (IEDs) during and after rTMS.

Material 

We studied the effect of rTMS in a 51 years old female patient with epilepsia partialis continua 
(EPC) in the left upper and lower extremities which each lasted for 43 years. Every day she showed 
more than 50 seizures characterized by focal motor seizures without jacksonian march and postictal 
weakness frequently. In addition she showed to MRI cerebellar atrophy and focal dysplasia of 
Taylor. At the moment of rTMS treatment she recived 1200 mg of CBZ, 1000 mg of Levitiracetam, 
100 mg of Fenobarbital, 275 mg of Gabapentin and 20 mg Clobazam without improvement. 

Methods 

Slow frequency rTMS was delivered for fi ve consecutive days with circular coil with the center 
at the vertex. Stimuli intensity used was 65%of resting motor threshold ( rMT) for safety reason. 
The treatment consisted of two series of 500 stimuli at 0.3 Hz separated by a 30 sec interval (3). 
The video-polisonnografy was registered before and after the treatment. Every day was recorded 
standard EEG

Results

During the treatment EPC was nearly abolished and in post-intervention week the EPC was 
almost absent. The video-polisonnografy was markedly better than before the rTMS with the 
disappearance of EPC. Three weeks after the end of treatment the woman show a reduction of 
number of seizures daily. After this result was possible reduce the drug treatment.

Conclusion 

The low frequency rTMS can have an anticonvulsant effects. In healthy subject, this protocol 
produces a transient reduction in the excitability of the neurons (4) and this is the probable rationale 
to understand the effects of rTMS in EPC and cortical dysplasia. Our results show that the rTMS 0.3 
Hz can thereby EPC and suppress hyperxcitability for almost a mouths.
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Objective

Cardiovascular homeostasis may be assessed with power spectral analysis of systolic blood 
pressure and heart rate variability. During the supine rest the sympathetic nervous system activity 
was reported to be lower in patients with tetraplegia and paraplegia, compared with control subjects. 
In these patients the vagal nerve is not affected by the spinal cord lesion and, consequently, the 
vagal activity should decrease on head – up tilt test. Such a response should be accompanied by a 
reduction in HR power of R- R interval. Previous studies, however, reported not signifi cant lowering 
of HF power or only small tilt – induced alteration. To evaluate the function of the vagal activity in 
maintaining the cardiovascular responses, we investigated both the sympathetic and parasympathetic 
refl ex responses during the orthostatic stress in patients with different spinal cord injury. The results 
were related to the clinical data and compared with control subjects.

Materials and Methods

Seven subjects with different outcome of traumatic (3) and (4) infl ammatory spinal cord 
involvement, with lesion between T6 and C6 were evaluated. In all of them the initial symptoms 
refl ected an impairment of all spinal cord functions, in the absence of pre existing neurologic 
diseases and spinal cord compressions. All subjects were tilted between 40° and 70 °, head up, 
after 20 min supine rest. The duration of the test was limited by the appearance of symptoms of 
syncope. Both the adrenergic and cholinergic function of autonomic system were investigated. The 
power spectral analysis of the blood pressure and heart rate variability was performed using Auto 
Regressive method during resting condition and during the steady – state part of head – up tilt. The 
difference between the two conditions was tested using the Wilcoxon signed rank test. 

Results and Conclusion

The analysis of cardiovascular variables shows that the HF power of R- R interval, corresponding 
to respiratory sinus arrhythmia and, therefore, to parasympathetic or vagal activity, is not reduced 
signifi cantly during the orthostatic stress in patients with tetraplegia and paraplegia associated with 
complete spinal lesion. But the same component of the spectra shows a typical decrease to the 
changing position only in patients with paraplegia and incomplete lesion related to acute transverse 
myelitis.

The absent decrease in patients with complete lesion could be due to a down regulation of the 
parasympathetic nervous system to maintain a minimum of sympatho- vagal balance after a severe 
reduction of sympathetic activity.
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Objective

Postural hypotension is the most disabling clinical manifestation of autonomic failure. It is more 
pronounced in morning hours and it has been attributed to the overnight reduction of extracellular 
fl uid volume secondary to exaggerated nocturnal natriuresis. Orthostatic hypotension is common in 
both central (MSA) and peripheral (PAF) degenerative autonomic disorders, even if with different 
presenting and associated symptoms. The recurrent syncope in the morning raises the question 
whether it is still possible to discriminate between the two different degenerative disorders and 
localize the dysfunction of the preganglionic or postganglionic sympathetic activity at the occurrence 
of such a symptom.

Material and Methods

We have analyzed 5 patients with MSA and 5 patients with PAF. Orthostatic hypotension and 
related recurrent syncope were the common clinical features. Besides the typical evaluations of 
parasympathetic and sympathetic cholinergic and adrenergic activity, systemic and localized, 
the patients were investigated with power spectral analysis of the blood pressure and heart rate 
variability in a period of 530 beats, in resting condition and during a period of head – up tilt test to 
40°. The test was stopped when symptoms related to orthostatic hypotension appeared. were.

The difference between the two conditions was tested using the Wilcoxon signed rank test. The 
results were related to the clinical data and compared with controls.

Results and Conclusion

The most signifi cant and common fi nding of patients with MSA and PAF was a severe reduction 
of the LF range in the power spectrum of both the R-R interval and systolic blood pressure in the 
head – up tilt compared to the still reduced values in supine. The results of the present study suggest 
the impossibility to differentiate, using spectral analysis of cardiovascular variables, the refl ex 
responses of the two degenerative disorders at the time when progressive hypotension and recurrent 
syncope have been occurring. It is possible, however, that the spectral power may be different at 
the earliest stage when genitourinary dysfunction is the prominent symptom of autonomic failure in 
MSA, without baroreceptor refl ex dysfunction and impairment of sympathoexcitatory responses to 
several stimuli due to the progression of the disease.
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Objective

Narcolepsy is a CNS hypersomnia characterized by the presence of sleep-onset REM periods 
(SOREMP) and is considered a REM sleep disorder. In normal subjects REM sleep is characterized 
by specifi c autonomic changes with marked sympathetic increase. Autonomic changes during 
SOREMP were not previously reported. The aim of this study is to describe sympathetic activity and 
cardiovascular changes during SOREMP to clarify the specifi c role of REM sleep for narcoleptic 
pathogenesis.

Methods

We studied 12 medication free patients (39±5 years, 5 males) with polysomnographic confi rmed 
narcolepsy. Patients were selected because of recordable muscle sympathetic nerve activity (MSNA) 
and no major motor movements during sleep. They underwent to a complete polysomnography with 
simultaneous recording of muscle sympathetic nerve activity (MSNA), from peroneal nerve, heart 
rate (HR), respiratory movements, arterial fi nger blood pressure (BP), EEG, electro-oculogram, and 
superfi cial electromyogram. 

Results

All patients presented a SOREMP and stages 1 NREM sleep whereas only 10 patients displayed 
stage 2, 7 patients stage 3 and 6 patients stage 4 NREM sleep. The mean total time of SOREMP was 
12±6 minutes whereas for stage 1, 2, 3 and 4 were 6±4, 14±12, 3±1 and 21±11 minutes respectively. 
During SOREMP mean MSNA slightly decreased with unchanged BP and HR compared to 
wakefulness before sleep. During stages 1, 2, 3 and 4 NREM sleep MSNA displayed a continuous 
further decrease whereas BP and HR did not show signifi cant change. 

Conclusions

These fi ndings show that autonomic changes during SOREMP differ from normal REM sleep, 
suggesting that SOREMP in narcolepsy reveals a more complex pathogenetic mechanism than a 
simple displacement of REM-periods.
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Objective

Ross syndrome (RS) is characterized by tonic pupil, arefl exia and anhidrosis and the underlying 
lesion affects postganglionic skin sympathetic nerve fi bers whereas postganglionic muscle 
sympathetic branch is usually spared. Microneurography allows to explore both skin and muscle 
peripheral sympathetic branches. In chronic dysautonomic syndromes such as pure autonomic 
syndrome (PAF) microneurography usually did not disclose peripheral sympathetic outfl ow in 
both branches. The aim of this study is to confi rm the selective involvement of postganglionic skin 
sympathetic nerve fi bers in RS.

Methods

We studied 7 patients (49±14 years, 4 males) with typical clinical picture and skin biopsy 
fi ndings. They underwent to microneurography from peroneal nerve with the recording of muscle 
sympathetic nerve activity (MSNA), skin sympathetic nerve activity (SSNA) and the corresponding 
organ effector responses (skin sympathetic response-SSR and skin vasomotor response-SVR) in the 
same innervation fi eld. The absence of sympathetic bursts was established after exploring at least 3 
different corresponding nerve fascicles (i.e. skin for SSNA and muscle for MSNA). Thirty age and 
sex-matched healthy subjects served as controls.

Results

RS patients complained of anhidrosis, abnormalities of accommodation due to tonic pupils and 
they showed arefl exia. All patients displayed absent SSNA, SSR and SVR whereas MSNA was 
always recorded showing normal characteristics.

Conclusions

Microneurographic study of sympathetic activity confi rmed the selective involvement of skin 
sympathetic activity in RS. Microneurography is an useful functional tool contributing to the RS 
diagnosis. 
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Background

It is known the association of maternal drug misuse with prematurity, intrauterine growth 
restriction and Neonatal Abstinence Syndrome (NAS). Drug misuse involves delay both of the visual 
and of the neurological development. Recent studies had shown abnormal latencies and waveform 
of Visual Evoked Potentials (VEP) in newborns exposed to methadone, cocaine, heroin and opiates 
in utero, due to the vasoconstrictive and demyelinating effects on the retinal and occipital system.

Methods

In our preliminary study, we evaluated fi ve babies (term-near term) admitted to the Neonatal Intensive 
Care Unit in Careggi, Florence and a positive Finnegan score (>8) for NAS. We registered the fl ash 
ERG (f-ERG) and VEP (f-VEP) in all babies within the fi rst week from the birth, and serial registrations 
within a month if the fi rst exam resulted abnormal. We registered f-ERG and f-VEP from both eyes 
simultaneously via goggles while the babies were awake, through disposable skin electrodes placed under 
the lower eyelids bilaterally and in O1, Oz, O2 (International 10-20 System) referred to Fz. We considered 
a- and b-wave to evaluate the f-ERG, and N1-P2-(N3) components for the f-VEP.

Findings

Only one baby had normal f-VEP at fi rst and control registration; one baby had delayed latencies 
at the fi rst registration, but they normalized at control; both babies had negative clinical signs. Two 
babies had immature pattern and strabismus and nystagmus, respectively; one baby had delayed 
latencies and reduced amplitude, with miosis. The f-ERG were normal in all babies.

Interpretation

The VEP seems to be predictive for alterations of visual system at short outcome. For this reason the VEP 
could be a valuable tool in the detection of the adverse effects of maternal drug misuse upon the infant.
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Dyslexia includes several defi nitions including “verbal or learning disability” and “learning 
disability primarily related to reading”, with open issues about behavioral and causal properties 
of this disability (Lyon et al., 2003). The ICD-10 and DSM-IV refer to a reading disorder that is 
characterized by lower reading achievement (i.e., reading accuracy, speed or comprehension), not 
explained by intelligence, vision, or education. 

Previous studies have been inconclusive whether dominant resting state alpha rhythms differ in 
amplitude in dyslexic subjects when compared to control subjects, being these rhythms considered 
as a refl ection of effective cortical neural synchronization and cognition. 

Here we tested the hypothesis that cortical sources of eyes-closed resting state 
electroencephalographic (EEG) rhythms were abnormal in dyslexics, in line with previous evidence 
obtained using EEG procedures in subjects with Down syndrome and Alzheimer disease patients 
(Babiloni et al., 2004, 2006a,b,c,d, 2010). 

To this aim, in the Child Developmental Department of the San Raffaele Pisana Scientifi c 
Institute (Rome, Italy), we recruited 26 dyslexics (12 males, mean age of 11 years ±0.5 standard 
error of mean, SEM) and 11 age-matched normal control subjects (8 males, mean age of 11 years 
±0.7 SEM).

The diagnosis of developmental dyslexia was based on the following widely accepted criteria: 
(i) reading score (speed and/or accuracy) of two standard deviations below the average of the age-
matched population in at least one of word, pseudo-word (Sartori et al., 1995; Brambati et al., 2006) 
or passage reading tests (Cornoldi and Colpo, 1981); (ii) normal intelligence, evaluated by means 
of both the Raven’s Matrices (Raven, 1981) and the Wechsler Adult Intelligence Scale-Revised 
(WAIS-R) (Wechsler, 1997) or the Wechsler Intelligence Scale for Children-Revised (WISC-R) 
(Wechsler, 1986), depending on subject’s age.

EEG data were recorded in subjects at wakening resting-state (eyes-closed) from 19 electrodes 
positioned according to the International 10–20 system.

Cortical EEG sources were estimated by low resolution electromagnetic tomography (LORETA).
To take into account effects of the head volume conductor and individual variance of the EEG 

voltages, we recorded EEG data over the whole scalp, and compared the normalized regional 
LORETA solutions (i.e. relative power current density at cortical voxels of lobar regions of interest) 
at individual frequency bands (i.e. delta, theta, alpha 1, alpha 2, alpha 3 anchored to the individual 
alpha frequency (IAF) peak; Klimesch, 1999).

The IAF was defi ned as the frequency associated to the strongest EEG power at the extended 
alpha range (Klimesch, 1999). With reference to the IAF, the bands of interest were delta (IAF-8 to 
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IAF-6 Hz), theta (IAF-6 to IAF-4 Hz), alpha 1 (IAF-4 to IAF-2 Hz), alpha 2 (IAF-2 to IAF Hz), and 
alpha 3 (IAF to IAF+2 Hz). For the higher frequencies, we selected beta 1 (13–20 Hz), beta 2 (20–
30 Hz), and gamma (30-40 Hz). The results showed that parietal, occipital, and temporal cortical 
sources of resting state low- and high-frequency alpha rhythms were slightly but signifi cantly lower 
in amplitude in the dyslexics than control children.

In the dyslexics, some of these sources were correlated to reading time of pseudo-words; the 
higher the alpha power, the shorter the reading time.

The present results suggest that dyslexia might be due to abnormal basic physiological oscillatory 
mechanisms regarding cortical networks involved in both peculiar phonological, semantic, and 
lessical processes (i.e. high-frequency alpha rhythms) as well as in modulation of cortical arousal 
and vigilance (i.e. low-frequency alpha rhythms). These rhythms might represent a marker of global 
neural synchronization at cortical level suggesting that dyslexic children are characterized by limited 
abnormalities of resting state EEG rhythms as topography (posterior regions) and frequency (alpha), 
which were related to phonological encoding (pseudo-words reading). 

Finally, we would like to remark that in the Child Developmental Department of the San Raffaele 
Pisana Scientifi c Institute (Rome, Italy), we are carrying out several researches on developmental 
diseases including an EEG recording during a reading task of dyslexic children.
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SSR is routinely performed in several laboratories to evaluate autonomic function in different 
neurological disorders. It is a controversial issue if SSR amplitude should be taken in account or 
only the absence of the potential should be considered as an abnormal response. 

In order to verify if SSR amplitude is related to sweating output, we performed SSR in 62 patients 
(28 males, 34 females; age = 3-75, mean = 46.1±14.4) affected by peripheral (autonomic or sensory 
neuropathies) or central (i.e.: PD, MSA) neurodegenerative disorders. All patients underwent also 
sudomotor function evaluation by means of dynamic sweating test (DST).

SSR was recorded from hands and feet stimulating median nerve at wrist and peroneal nerve at 
ankle. Latency and amplitude were measured. Dynamic sweating test was performed stimulating 
distal leg with pilocarpine 1% by iontophoresis (5 min. at 2 mA). Ten minutes after discontinuation 
of iontophoresis the stimulated area was painted with a 2 % solution of iodine in ethyl alcohol, 
dried and immediately covered with a thin layer of powdered cornstarch adhered to waterproof 
transparent tape. All tests were recorded for 3 minutes with a digital video camera (Sony Digital 
Camera DCR-TRV22E) through a glass plate inscribed with a 2 x 2 cm ruled window. 

We analyzed density of sweat glands / mm2 and mean sweat production per single gland and 
per cm2. We compared the amplitude of SSR potential with density of sweat glands and sweating 
production. We found a correlation between SSR amplitude and density of sweat glands (p<0.05); 
no correlation was found between SSR amplitude and sweating production. 

These data showed that the amplitude of SSR potentials correlates with the density of functional 
sweat glands and therefore it should be taken in account; however, it doesn’t correlate with sweat 
output, suggesting the need for more specifi c tests to evaluate sudomotor function.
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MUCOPOLYSACCHARIDOSES: A COHORT STUDY

A. Traverso, A. Cappellari, A. Rampazzo, M. Scarpa, A. Suppiej

Child Neurology and Clinical Neurophysiology Unit, Department of Paediatrics, University of Padova

Background

Visual electrophysiological techniques represent inexpensive and excellent means for assessing 
retinal, optic pathways and visual cortex function and could be used in the workup of ocular and 
central nervous system abnormalities leading to visual impairment in mucopolysaccharidoses.

Aim. To evaluate the role of visual electrophysiology in mucopolysaccharidoses.

Methods

Electroretinograms and visual evoked potentials of 17 patients registered in the neurophysiological 
database of our Institution in the period 1990-2010, with diagnosis of mucopolysaccharidosis types I 
(4 patients), II (4), III (3), IV(2), VI (4) were reviewed retrospectively. Ten patients were on enzyme 
replacement therapy, two patients underwent bone marrow transplantation. 

Results

A total of 104 electrophysiological tests were performed from January 1990 to June 2010.
Visual electrophysiological testing was feasible in all patients. Changes in the electroretinogram 

were useful in pointing to retinal degeneration in 8 patients, particularly at an early stage, before 
typical fundus oculi appearance, and in patients in whom severe corneal clouding precluded fundus 
inspection. The pattern of electroretinogram involvement was consistent with a rod-cone type of 
retinal degeneration. Visual evoked potentials were useful to confi rm the loss of visual function in 
patients diffi cult to test clinically. Due to the multiple ocular and neurological sites of involvement 
within the visual system, the interpretation of visual evoked potentials was challenging in some 
patients. However, fl ash stimulation in one patient with severe corneal clouding was useful to 
suspect raised intraocular pressure, a diagnosis easily missed in such cases.

Conclusions

Electroretinogram and visual evoked potentials should be included in the neuro-ophthalmological 
diagnosis and follow-up of children affected by mucopolysaccharidosis. 
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WITH MEGALENCEPHALIC LEUCOENCEPHALOPATHY WITH 
SUBCORTICAL CYSTS 

R. Vittorini1, P. Boffi 1, A. Suppiej4, E. Girardo3, E. Gaidolfi 5, G. Capizzi2

1Neurology and Psychiatry Department
2Neurology Service
3Pediatric Science Department, University of Turin; Infantile Hospital Regina Margherita – Turin
4Pediatric Department, University of Padua – Padua Hospital; 
5Neuroradiology Service, C.D.C. Turin

Purpose

Megalencephalic Leucoencephalopathy with subcortical cysts (MLC ) is an autosomal recessive 
white matter disorder, in most cases due to mutations in MLC1 gene, localized on chromosome 22 
q13.33. This neurological disorder is characterized by macrocephaly noted in early infancy, mild 
psychomotor developmental delay, seizures, gradual onset of ataxia and spasticity and sometimes 
extra-pyramidal signs. Neuroradiological features include extensive symmetric white matter changes 
with subcortical cysts, mainly in the anterior temporal and fronto-parietal regions (Van Der Knaap 
and Scheper 2008). In literature there are very scarce reports describing the neurophysiologic features 
and evolution over time, including evoked potentials (EP) and electroencephalography (EEG). Some 
case-reports and retrospective studies describe the results of neurophysiologic investigations but a 
focus on follow-up is still lacking (Singhal et al. 2003, Blattner et al. 2003).

The aim of this work is focusing on clinical and neurophysiologic follow-up in a 4 year old child 
affected by MCL followed at Our Neurology Service.

Mhetods and results

Clinical features: A 4 year old boy, only child born at term from an uneventful pregnancy 
and perinatal history, non consanguineous parents, APGAR 10, birth weight 3160 gr., head 
circumference at birth 34 cm. Because of gradual onset of macrocephaly at 4 months of age, multiple 
cerebral ultrasound scans were performed without any signifi cant change. At 8 months of age 
Magnetic Resonance (MR) imaging fi rst showed diffuse leucoencephalopathy, highly suggestive 
for MLC with bilateral absence of myelination of white matter, T1-hypointense/T2-hyperintense, 
particularly in frontal and temporal regions with subcortical cysts, mildly thinner cortical layers, 
normal myelination of internal capsule, mesencephalic pyramidal tract, corpus callosum, bilateral 
increased subarachnoid space in frontal areas. Genetic diagnosis was thus performed. A composed 
heterozygosis for a mutation in MLC1 gene was found in the child while the parents are carrier in 
heterozygosis. 

Main developmental milestones were achieved at 12 and 18 months respectively for language and 
independent walking with main diffi culties in more complex postural changes. Serial evaluations of 
psychomotor development were performed with “Griffi ths Mental Developmental Scale”, showing 
a mild but stable developmental delay (Global Quotient (GQ) of 83 at 10 months, 70 at 18 months, 
82,5 at 3 ½ years). Neurological signs suggestive of white matter involvement were initially scarce 
becoming more evident in time. The latest examination showed gait ataxia with brisk deep tendon 
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refl exes without evidence of spasticity. 
At 1 year of age presented a febrile convulsion followed by recurrent seizures without fever at 3 

years. Antiepileptic treatment with levetiracetam was then started achieving discrete control.
Neuroradiological and neurophysiologic investigations: MR performed at 2 and at 3 ½ years 

old showed diffuse hypomyelination of cerebral white matter. A fi rst EEG, performed during 
sleep at 10 months, was normal. Second EEG, performed after febrile convulsion, showed scarce 
organization of cerebral activities with asynchronous sleep spindles. Subsequent EEGs, performed 
after afebrile seizures at 3 years of age, showed sharp delta waves in the left anterior regions and 
slow dysrhythmia with biphasic slow wave complexes that gradually improved over time persisting 
with slow dysrhythmia of background activity. Serial multimodal EP were performed: brainstem 
auditory EP (BAEP), fl ash visual EP (VEP) and medial nerve somatosensory EP (SEP). VEP and 
BAEP, performed at 10 months, were normal. At 18 months multimodal EP showed transitory 
peripheral delay of auditory conduction at BAEP not found in subsequent controls, latency of P100 
within upper normal range at fl ash VEP, increased central conduction time N13-N20 at left medial 
nerve SEP. At 2 ½ years BAEPs were normal while VEP showed increased latency of P100. At 
3 ½ years BAEP persisted normal, VEP and SEP worsened with increased latency and disperse 
morphology of P100, mainly for left eye stimulation and signifi cance reduction in amplitude and 
disperse morphology of cortical N20. Latest EP and EEG controls are ongoing.

Conclusions

We report a case with a classic phenotype of MLC characterized by mild psychomotor 
developmental delay, slowly progressive neurological signs, epilepsy well controlled by antiepileptic 
treatment and marked alteration of cerebral white matter at neuroradiological investigations. 
Regarding neurophysiologic examinations, EEG changed signifi cantly after afebrile seizure onset 
showing as a more constant feature a slow dysrhythmia of background activity, in accordance with 
some cases reported in literature (Jerbi Omezzine et al. 2008).

EP showed a gradual and slow progression with a normal pattern at onset, indicating a preserved 
nervous function and a pattern of slow alteration of nervous conduction, mainly involving cortical 
generated responses, at the follow up controls. 

Our data focus on electrophysiological evolution in a case of MLC, never described in literature 
before. Temporal evolution and time of execution in the course of the disease of neurophysiologic 
investigation in the studies present in the literature are not reported. Changes in nervous conduction 
regard mainly absence of cortical response at medial nerve SEP (Blattner et al. 2003, Singhal et 
al. 2003). Clinically MLC presents with a slow and gradual progression in the presence of marked 
changes in cerebral white matter (Singhal et al. 2003, Van der Knaap and Scheper 2008). Similarly 
periodic neurophysiologic follow-up showed a gradual and slow evolution with evidence of 
progressive loss of white matter function over years from disease onset. It would be worthy studying 
these patients more systematically in order to better understand neurophysiologic features of this 
disease and evaluate the possible prognostic role of electrophysiological studies. 
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Introduction

Migraine is a common neurological condition in children and adolescents causing a signifi cant 
impact on quality of life. Previous studies in migraineurs showed a correlation between 
neurophysiological abnormality and emotional symptomatology.

Objectives

Aim of this study was to characterize the correlation between neurophysiological and 
psychological data, concerning both internalizing and externalizing behavioural disorders.

Methods

We compared the auditory P300 potential habituation in 12 patients (mean age: 10.8±1.4 
years) affected by migraine without aura and 10 control subjects (mean age: 11.8±2.5 years). P300 
response was recorded in three successive blocks to test its amplitude reduction from the fi rst to the 
third block. As for the externalizing problems, response to frustration was assessed by means of the 
Picture Frustration Study (PFS), while the internalizing symptoms were investigated by means of 
the ‘Scale psichiatriche di autosomministrazione per fanciulli e adolescenti’ (SAFA) questionnaire 
for anxiety and depression.

Results

P300 habituation was lower in migraine children than in control subjects (F=8.31, p=0.005). In 
migraineurs, a signifi cant positive correlations between the P300 habituation defi cit and the total 
anxiety SAFA score was found (p=0.02), while the P300 reduced habituation did not interact with 
the PFS scores.

Conclusions

This is the fi rst study showing a correlation between a neurophysiological abnormality (reduced 
P300 habituation), probably related to abnormal brain excitability, and anxiety in migraine. These 
results suggest that both neurophysiological abnormalities and psychological tracts concur in 
determining the migraine phenotype in childhood.
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Objective: to analyze neurophysiological pattern in patients admitted in our Neurorheabilitation 
Unit for severe acquired brain injury 

Subjects

57 in-patients were included: 34 male and 23 female; mean age 48,35 +/- 17.38 (range 16-77). 
20 were post anoxic patients, 22 vascular and 15 post traumatic.

Methods

Patients were clinically assessed by means of Glasgow Outcome Scale Extended (GOS-E), 
Level of Cognitive Functioning (LCF), and Disability Rating Scale (DRS).

All patients underwent to bilateral Median Nerve Somatosensory Evoked Potentials (MN)  SEPs, 
Brainstem Auditory Evoked Potentials (BAEPs) and Flash Visual Evoked Potentials (FVEPs).

Result

33 patients were classifi ed as vegetative state (VS).
(MN) SEPs: cortical response were absent in 72%, abnormal in 14% and were normal in 14%.
BAEPs: central abnormalities were observed in 38 %.
FVEPs were abnormal in 67%.
12 patients were in minimally conscious state (MCS)
(MN) SEPs: cortical response were absent in 46%, abnormal in 17% and normal in 37%.
BAEPs: central abnormalities were observed in 42% of patients
FPEVs: were abnormal in 25% of patients
12 patients were defi ned as severe disabled but conscious.
(MN) SEPs: cortical response were absent in 43% of patients, were abnormal in 22%, normal 
fi ndings were observed in 35%; 

BAEPs: central abnormalities were observed in 37%.
All but one patients FVEPs were normal. 

Conclusion

Absence of cortical response on bilateral SEP seem to be associated with a severe alteration of 
consciousness; BAEPs were not signifi cantly related to level of responsiveness; the normality of 
FVEPs response is associated with presence of consciousness.
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Background 

The “pre-hypothermia” literature describes seizures in 22%-62% of neonates with hypoxic-ischemic 
encephalopathy, incidence was confi rmed also in newborns receiving therapeutic hypothermia (TH). The 
incidence and timing of subclinical/electrographic seizures is still an open issue.
Aim 

The aim of this study was to evaluate with EEG monitoring the incidence and timing of 
subclinical/electrographic seizures in neonates undergoing whole-body therapeutic hypothermia.
Methods 

Since the adoption of TH in our NICU in January 2009 we are monitoring cooled neonates using 
a combination of conventional video EEG and two channels a-EEG using Micromed-VE Apparatus. 
The protocol includes EEG or a-EEG monitoring from arrival in NICU; integration of traditional 
video-EEG and a-EEG monitoring until rewarming; video-EEG at the end of fi rst week of life. 

Results

Twenty eight infants were recruited by using the TOBY entry criteria (Azzopardi et al., 2009): 
3/28 (10,7%) died in 2nd day of life (none had seizures), 3/28 (10,7%) stopped TH because of adverse 
events at respectively 12, 20 and 25 hours of life, 4 were excluded because not adequately monitored. 
Out of the 18 remaining neonates 8 (44,4%) had seizures with onset between the 2nd and the 38th 
hours of life (median 9 hours). In 7/ 8 (87,5%) the fi rst seizure was electroclinical. All seizures were 
treated with Phenobarbital (PB). Status epilepticus was seen in 3/ 8 (37,5%). Seizures relapsed after 
PB in 6/8 (75%) patients. All relapsing patients had at least one nonconvulsive recurrence following 
the fi rst bolus or during maintenance therapy.

Conclusions

In this study the percentage of seizures during TH corresponds to literature data.  EEG monitoring 
showed a fundamental role in neonates affected by hypoxic-ischemic encephalopathy undergoing 
TH. The seizure activity may interrupt critical cortical developmental processes occurring during the 
neonatal period leading to long-term neurocognitive defi cits as well as epilepsy. Without continuous 
monitoring seizures can be missed because of electroclinical decoupling following PB bolus or for 
diffi cult evaluation of subtle seizures due to apparatus for whole-body therapeutic hypothermia.
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Stiff Person Syndrome is characterized by muscle rigidity, progressive stiffness, spontaneous or 
action induced spasm of paraspinal, abdominal and occasionally proximal limb muscles. Clinically, 
patients present insidious rigidity of axial muscles, back discomfort or pain and abnormal posture 
as early symptoms. 

We report a case of respiratory failure as early symptom of stiff person syndrome.
A woman of 70 years old came to our attention for clinical and neurological evaluation. Her 

clinical history was characterized two years before by recovery in ICU for respiratory failure, 
and a diagnosis of broncopneumonia was performed. After one year, the patient was admitted in 
ICU again because of sudden onset of respiratory distress associated with involuntary movements 
of abdominal and limb muscles. She performed a Repetitive Nerve Stimulation at low and high 
frequency in order to exclude a Myasthenic Crisis and a treatment with piridostigmine was started, 
but neurophysiological tests were negative and clinical treatment was not useful. During that 
recovery she had several analogous events characterized by rigidity of thoracic and abdominal 
muscles causing desaturation, and during one of them a video-EEG was performed, that showed no 
cortical correlation with muscles activity. 

Therapy with benzodiazepine was started, with clinical improvement. These therapy was then 
suspended, with sudden worsening of respiratory symptom and the patient was recovered once again 
in ICU, and a diagnosis of possible spinal myoclonus was performed. After reintroduction of the 
clonazepam, the patient became clinically stable, when she came to our attention she referred only 
slight thoracic and abdominal constriction.

Symptoms and clinical history weren’t of univocal interpretation: our patient was also affected 
by chronic motor and sensitive, axonal and demielinating polineropathy with high title of anti-GM1 
antibodies, central core myopathy with atrophy of paraspinal muscles, B 12 hypovitaminosis with 
APCC antibodies. Considering exams yet performed we studied neurophysiologically EMG activity 
of abdominal and paraspinal muscles and we found continuous muscle activity from both group 
of muscles, suggesting the stiff person syndrome diagnosis. This diagnosis was confi rmed by the 
fi nding of antiGAD antibodies at high title.

Neurophysiological and biochemical tests in our patient were characteristic of Stiff Person 
Syndrome, but clinical features were not. In literature there are no case of respiratory failure as early 
symptom of SPS, although, it might be a late stage symptom of the disease. 
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Introduction

Hirayama disease is a sporadic disorder characterised by a juvenile-onset of upper limb 
distal muscular atrophy. The pathogenesis of this sporadic disease has not not yet fully clarifi ed: 
neuroimaging studies suggest that cervical fl exion myelopathy with mechanical ischemic damage of 
spinal motoneurons could be the most likely pathogenetic hypothesis.

Objectives

1. to describe the case of a young patient with clinical features suggesting the diagnosis both 
of Hirayama disease and of a syndromic growth disorder. 

2. to explain why this co-association can assume clinical relevance in order to explain a 
possible eziopathogenetic role of growth in determining Hirayama disease.

Case report

A 19-year-old man presented with a 4-years history of progressive right distal upper extremity 
weakness. The disorder was characterized by an insidious onset and neurologic examination showed 
a tremor of the right hand, weakness and atrophy in the right C7-T1 myotomes and normal sensory 
fi ndings.

Electrophysiological studies revealed neurogenic changes in the C7-T1 myotomes. 
Magnetic resonance imaging showed a mild atrophy in the right anterior horn cell region at C7-

C8 level. 
These clinical, radiological and electrophysiologic fi ndings were consistent with the diagnosis 

of Hirayama Disease.
Furthermore, additional anamnestic examination revealed an history of esophageal atresia at 

birth and a subsequent growth defi cit disorder during childhood treated with growth hormone. The 
combination of these two last extremely rare clinical conditions led us to speculate that our patient 
could also present a restricted phenotypic expression of CHARGE syndrome.

Discussion

To our knowledge there is only one previous published report of Hirayama disease in CHARGE 
syndrome. 

According Hirayama et al. the dynamic changes induced by neck fl exion could be due to a 
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disproportionate growth between the vertebral column and the content of the spinal cord during the 
adolescence growth spurt.

Conclusions

In this view, we think that our case indirectly supports the hypothesis that a spinal growth 
disproportion could predispose to the subsequent development of a juvenile amyotrophy of the 
upper limb.
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Objectives

Metachromatic Leukodystrophy (MLD), is a rare and fatal lysosomal storage disease due to the 
inherited defi ciency of the Arilsulfatase-A (ARSA) which leads to progressive severe demyelination 
in Central (CNS) and Peripheral Nervous Systems (PNS). 

Little is known about the natural history of the different clinical variants of MLD that are usually 
classifi ed according to age of onset of fi rst symptoms in LI (late infantile), EJ (early juvenile), LJ 
(late juvenile) and AD (adult) forms. No effective therapies are available at the moment, but a phase 
I/II clinical trial of gene therapy based on autologous hematopoietic stem cells transduced with a 
lentiviral vectors carrying the ARSA cDNA has been implemented in our institute and it is now open 
to patients’ recruitment.

Instrumental to the clinical trial, we have conducted, along a six-year period, a natural history 
study to identify reliable prognostic markers for an accurate patients’ selection for this new 
therapeutic approach and to validate tools for monitoring disease progression and potential benefi ts 
of the new treatment.

Methods

We studied a cohort of 30 MLD patients with different variants of the disease, characterized from 
a molecular point of view and followed up to six-years with clinical and instrumental tests. In this 
context we also collected neurophysiological data performing every six months/twelve months ENG 
recordings, Visual Evoked potentials (VEPs) and Brainstem Auditory Evoked Responses (BAERs). 
We then implemented a scoring system in order to summarize the results and catch the progression 
of the disease. In particular, for ENG, sensory conduction of sural and median nerves, and motor 
conduction of deep peroneal and ulnar nerves were studied. Considering that the neuropathy is 
mostly demyelinating in MLD we identifi ed an NCV index calculated as the average of z-scores 
(patient’s nerve conduction velocity (NCV) - normal donors’ mean NCV / normal donors’ NCV 
standard deviation) of the four tested nerves. 

BAERs were obtained following independent monaural stimulation with clicks delivered 
at an intensity of 85 dB nHL and If wave I could not be obtained, the stimulation intensity 
was increased to 95 dB nHL. We created a score from 0 to 3 points for each ear (considering 
0=normal, 1=increased latency, 2=partial absence, 3=complete absence) and we also evaluated 
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if damage involved PNS (wave I) or CNS (wave III and V) or both. For Flash VEPs recordings 
we used monocular stimulation with light-emitting with frequency of stimulation of 1 Hz. Flash 
VEPs were distinguished in normal/absent or with increased latency comparing latency of wave 
IV with age-matched controls.

Results

We demonstrated that the NCV index was signifi cantly different among groups of patients with 
LI onset, EJ onset and late onset (LO=LJ+AD) MLD since the fi rst ENG recordings. In fact ENG 
showed a severe demyelinating neuropathy in LI pts, a mild axonal/demyelinating neuropathy in EJ 
pts and the absence of PNS involvement in the large majority of LO pts. During the follow up we 
observed a progression of the neuropathy only in the most severe form of the disease (LI), while the 
neuropathy remained almost stable in EJ and LO pts. 

LI pts showed also the most severe alteration of VEPs. At the initial assessment, 37% of LI pts 
showed VEPs abnormalities while only 16% of EJ and no LO pts showed VEPs alterations. By the 
end of the follow up, VEPs were absent in all LI pts except one (with increase VEP latency). During 
the study also EJ and LO pts developed VEPs alterations but at a lower proportion if compared with 
the LI group (66% of EJ pts and 40% of LO pts).

BAERs abnormalities were more frequent and appeared earlier than VEPs alterations in all MLD 
patients. At the fi rst evaluation BAERs were already abnormal in 100% of LI pts, 66% EJ and 16% 
and at the end of our study percentage of abnormalities increased to 83% in EJ and to 60% in the 
LO group. Our score that quantifi es the severity of involvement of the acoustic pathways reached 
signifi cantly highest values in LI pts compared with EJ and LO pts. Interestingly, wave I was altered 
only in LI pts confi rming the data obtained from ENG recordings.

Conclusions

This work highlights the high prognostic value of PNS involvement in addition to genotype 
defi nition and demonstrates that ENG is a reliable instrumental biomarker for monitoring PNS 
damage. Furthermore this study has implemented a scoring system for the evaluation of VEPs and 
BAERs in MLD pts and it underlines the role of evoked potentials as support to other stronger 
prognostic factors and as good tools for monitoring the disease progression both in the CNS and 
PNS.
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A CASE OF ISOLATED AND PROLONGED GLOBAL APHASIA: 
ISCHEMIC STROKE OR APHASIC STATUS EPILEPTICUS?
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F. Sartucci1, M. Del Sette2
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2 S. Andrea, La Spezia, Hospital Departement of Neurology
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The most common cause of sudden isolated and prolonged global aphasia is stroke affecting the 
cortical or subcortical language network. However, an aphasic status epilepticus (ASE) has to be 
considered as a possible differential diagnosis in awake patients presenting with acute and prolonged 
language impairment. ASE is suggestive of a localized dysfunction of language processing in the 
dominant hemisphere. ASE is a rare phenomenon and to our knowledge a few cases are described 
in the literature. 

In the differential diagnosis between ASE and stroke with aphasia, FDG-PET imaging should 
be used when EEG shows no clear evidence of ictal activity. We described a case of a 74 year-
old woman who presented sudden onset of both isolated and prolonged global aphasia 5 months 
after a left temporo-occipital haemorrhage and 20 days after a left hemispheric ischaemic stroke. 
A new ischaemic and haemorragic event was excluded by neuroimaging (CT and MRI, including 
DWI). Since several EEGs showed atypical patterns in the left temporal region, an FDG-PET was 
performed, resulting in two hypermetabolic areas in the left temporal and occipital lobes. The aphasia 
improved after anti-epileptic therapy. In conclusion, this is a case of post-stroke ASE, in which the 
evidence of hypermetabolism on FDG-PET allowed a defi nite diagnosis of epilepsy.
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A PEDIATRIC CASE OF CHRONIC FOCAL DYSTONIA IN THE 
CONTEXT OF COMPLEX REGIONAL PAIN SYNDROME TYPE I
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Background

Among early-onset focal dystonia, acquired syndromes represent a wide range of disorders whose 
diagnosis and treatment often require a complex multistep approach.1 We describe a case of post-
traumatic dystonia in the context of complex regional pain syndrome Type I (CRPS-I) occurring in 
combination with rheumatic fever and phonic tic disorder.

Methods

Observational case report.

Results

An healthy 10-years old girl with no family history of neurological diseases presented with 
chorea and mild carditis after a group A beta-hemolytic Streptococcus infection. Acute rheumatic 
fever was diagnosed and treatment with intramuscolar penicillin was begun, with complete resolution 
of symptoms at 6 months follow up. However, few months later, immediately after a right ankle 
minor trauma, an abnormal posture with inversion of the foot at the ankle joint was noted. Over the 
following months the patient progressively developed a painful, tonic right foot torsion, leading her 
to loss of deambulation. She began also to show mild anxiety, emotional instability and a phonic 
tic disorder. When she was fi rst brought to our attention examination revealed a severe equinovarus 
deformity of the right foot with fl exion of the forefoot and toes, mild sensory loss, epidermal thinning, 
edema and hyperpathia with burning sensation and chronic pain with paroxysms, meeting diagnostic 
criteria for CRPS-I.2 Basic laboratory exams and autoantibody profi le were normal; no serological 
evidence of recent streptococcal infection and negative western immunoblotting for anti-basal 
ganglia antibodies ruled out a diagnosis of a PANDAS.3 Mutation analysis of DYT1/TOR1A did 
not present deletions. Brain, spine and lumbar plexus magnetic resonance imaging (MRI) were all 
normal; MRI of right foot showed only marked equinovarus deformity without tendons or ligaments 
impairment. Electromyography revealed continuous coactivation of right tibialis anterior and 
posterior muscles, while muscle activation during sleep was excluded by video-polysomnography. 
Neuropsychiatric examination revealed no evidence of psychogenic disturbances. Clonazepam lead 
to initial improvement of dystonic symptoms.

The patient subsequently attended a combined program of botulinum toxin injection and 
rehabilitation therapy with positive effects on dystonic disorder; she is currently on clonazepam 
carbamazepine and gabapentin with marked benefi t on pain paroxysms.
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Discussion and conclusions

Post-traumatic syndromes and CRPS-associated movement disorders are well recognized entities 
underlying childhood-onset focal dystonia. This work highlights the need for a careful anamnestic 
investigation in order to identifi cate an antecedent trauma history. Nonetheless, a complication to 
group A beta-hemolytic Streptococcus infection and psychogenic movement disorder should also be 
considered in the differential diagnosis.
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Background

Infant botulism is the most common form of botulism, ninety-fi ve percent of all recognized cases 
occurring in patients between 6 weeks and 6 months of age. It results from systemic absorption of 
neurotoxin produced by Clostridium botulinum, a gram-positive, anaerobe spore-forming bacillus 
with ubiquitous distribution. Toxin binds to receptors on presynaptic nerve terminals of cranial and 
peripheral motor nerves preventing acetylcholine release; recovery of transmission depends on 
synaptic sprouting to form new neuromuscular plates.1

Methods

Observational case report.

Results

A previously healthy 4-month-old infant with no family history of neurological disease presented 
with a 3-day history of constipation, progressive loss of head control, weak cry and feeding 
diffi culties with poor suck and inability to swallow. Admitted to the local hospital, on day 6 from 
symptoms onset the infant acutely progressed to generalized fl accidity and cardiorespiratory failure. 
A diagnosis of encephalitys and epileptic status was initially postulated and phenobarbital therapy 
was started. Because of the critical conditions, on day 24 she was referred to our hospital where 
intensive care assistance was prolonged for few days.

Post-estubation neurological examination revealed bilateral ptosis, mydriatic pupils with 
sluggish pupillary light response, bulbar weakness with poor suck and cry, generalized hypotonia 
with decreased head control, fl oppy posture, reduced spontaneous movements and hypoventilation, 
and diminished deep-tendon refl exes.

Routine laboratory exams and cerebrospinal fl uid were unremarkable.
MR imaging of the brain was normal and EEG after phenobarbital suspension showed only a 

mild alteration of the general organization. Neither C. botulinum nor toxin were identifi ed in stool 
and in suspected honey ingested by the patient two days before symptoms onset.

In order to differentiate between botulism and congenital myasthenic syndrome,2 an 
electromyography (EMG) was performed on day 30 from disease onset, with evidence of decremental 
compound muscle action potential response to 2 Hz repetitive nerve stimulation and no increment 
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of compound muscle action potential amplitude during high frequency repetitive nerve stimulation. 
Subsequent determination of serum acetylcholine receptor antibodies was negative and no response 
to acethylcholinesterase inhibitor after pyridostigmine administration was detected. Molecular 
genetic analysis for congenital myasthenic syndromes resulted normal.

With supportive care, progressive improvement with full recovery of clinical conditions in two 
weeks was achieved. An EMG performed on day 45 showed normalization of all parameters of 
neuromuscular transmission, excluding a congenital myasthenic syndrome.

Discussion and conclusions

Infant botulism is a potentially life-threatening disease. Risk factors include ingestion of honey 
and exposure to spores from contamined soil. Both conditions were verifi ed in our case. Due to long 
time interval between symptoms onset and admittance to our hospital, a presuntive diagnosis of 
food-borne or inhalational botulism was made without laboratory confi rmation.

Our experience suggests that this condition might be undiagnosed, and highlights the need for 
accurate and repeated electrodiagnostic studies, especially in atypical cases.
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Very long-chain acyl-CoA dehydrogenase (VLCAD) defi ciency is a very rare inherited 
autosomal recessive disorder. VLCAD, which catalyses the initial step of mitochondrial beta-
oxidation of long-chain fatty acids with a chain length of 14 to 20 carbons, is associated with 
three phenotypes.

The severe, early-onset, cardiac and multiorgan failure form typically presents in the fi rst months 
of life. The hepatic or hypoketotic hypoglycemic form typically presents during early childhood. The 
late-onset episodic myopathic form presenting with intermittent rhabdomyolysis, muscle cramps 
and/or pain and exercise intolerance.

Purpose

We describe clinical and electrophysiological fi ndings in two brothers affected by late onset 
VLCAD defi ciency with a novel mutation.

Methods

Two brothers, 38 and 40- year-old respectively, came to our attention for recent episodes of 
exertion related recurrent muscle pain accompanied by myoglobinuria. They presented vague or 
intermittent symptoms as episodic myalgia during muscular activity since adolescence. Previous 
family history was negative for neuromuscular diseases. They were evaluated clinically and by 
electroneuro-myographic studies, muscular biopsy with histological and immunohistochemical 
analysis, ematologic studies. The patients were also submitted to multimodality evoked potentials 
recording.

Results

Neurological examination showed a mild weakness in proximal lower limbs. Routine blood 
analyses and basal CK values were normal. Cardiologic and hepatologic evaluation were 
normal. Electrophysiological evaluation showed an axonal sensory-motor polyneuropathy and 
mixed neuropathic-myopathic abnormalities at the needle EMG examination. Histological and 
immunohistochemical studies of the muscle were also normal. Ischemic forearm exercise test 
showed an elevation of lactic acid in serum. Therefore, we performed the analysis of acylcarnitine 
in serum, and the measurement of enzyme in beta-oxidation in muscle and white blood cells. 
These showed VLCAD defi ciency. Molecular genetic testing for VLCAD confi rmed diagnosis 
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showing the presence of a novel mutation. Multimodality evoked potentials recording showed 
the presence of central sensory conduction abnormalities in both patients.

Conclusions

To our knowledge this is the fi rst report of late onset-VLCAD associated to axonal neuropathy 
and subclinical abnormalities of the CNS. 
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Introduction

Mutations in ganglioside-induced differentiation-associated protein 1 (GDAP1) gene are 
associated with demyelinating (CMT4A) and axonal (CMT2K) forms of Charcot-Marie-Tooth 
disease. CMT4A shows recessive inheritance, while CMT2K presents with either autosomal 
recessive (AR-CMT2K) or dominant (AD-CMT2K) segregation pattern.

Objective

To describe clinical and electrophysiological fi ndings of a large AD-CMT2K Italian kindred with 
a new heterozygous mutation in GDAP1 gene.

Methods

All members of family underwent clinical and electrophysiological evaluation and genetic 
analysis of GDAP1 gene.

Results

The proband, a 8 year-old boy with an early disease onset with delayed autonomous walking, 
showed bilateral steppage, marked peroneal muscle wasting and weakness and the absence of 
ankle refl exes; electrophysiological study was consistent with an axonal sensory-motor neuropathy. 
His father and three uncles did not complain of any symptoms and had only minimal clinical or 
electrophysiological signs of peripheral neuropathy. The aunt, a 47 year-old woman with a later 
disease onset, had a gait impossible on the heels, a mild atrophy and weakness of distal muscle 
at lower limbs, the absence of ankle refl exes and a mild axonal sensory-motor neuropathy. The 
grandfather, a 79 year-old man, had reduced vibration sense at ankles, the absence of ankle refl exes 
and a slight sensory axonal neuropathy. A heterozygous Arg120Gly aminoacid substitution in 
GDAP1 gene was identifi ed in all the affected members and in none of the healthy ones.

Discussion

We report a large Italian AD-CMT2K family with a novel missense heterozygous GDAP1 
mutation. As previously described in AD-CMT2K the majority of our affected members had a 
mild phenotype or were asymptomatic and electrophysiological study was consistent with axonal 
neuropathy. Moreover, it was evident a marked intra-familial variability of disease expression with 
an earlier age of onset and a more severe phenotype in the younger generation. 

Libro_riassunti_c12.indb   201Libro_riassunti_c12.indb   201 14/09/11   14:4814/09/11   14:48



202

CONJUGATED LINOLEIC ACID (CLA) DIETARY TREATMENT 
INDUCES NEUROPHYSIOLOGICAL MODIFICATION IN X-LINKED 
ADRENOLEUKODYSTROPHY HETHEROZIGOUS

1C. Vollono, 2C. Bizzarri, 1R. Miliucci, 2M. Cappa, 1M. Di Capua, 1F. Vigevano, 1M. Valeriani

1 Headache Center, Neurology Division, Paediatric Hospital ‘Bambino Gesù’- IRCCS, Rome
2 Dipartimento Pediatrico Universitario Ospedaliero, Unità Operativa Complessa di Endocrinologia 

e Diabetologia, Paediatric Hospital ‘Bambino Gesù’ IRCCS, Rome

Introduction

X-linked adrenoleukodystrophy (X-ALD) is a rare inherited demyelinating disorder caused by 
mutations in the ABCD1 gene that encodes a protein of the peroxisomal membrane, named ALDP. 
This mutation results in abnormal accumulation of very long chain fatty acids (VLCFA). The only 
partially effective therapeutic treatment consists of dietary intake of fatty acids mixture called 
Lorenzo’s oil (LO), that inhibits the elongation of lignoceric acid (24:0) to 26:0. There are evidences 
that an enhancement of peroxisomal beta oxidation, induced by Conjugated Linoleic Acid (CLA), 
can potentiate the inhibiting elongation.

Objectives

Aim of this study was to evaluate the effect of the new dietary treatment (LO + CLA) in women 
carriers of X-ALD, by means of Somatosensory Evoked Potentials (SEPs).

Methods

Five X-ALD heterozygous women (mildly symptomatic or asymptomatic) underwent clinical 
examination and SEP recording before and after 2 months of a mixture of LO (40 g/day) with CLA 
(5 g/day) dietary therapy. SEPs latencies and amplitudes were compared between both sides and 
between before and after treatment.

Results

Median nerve SEPs were normal in all subjects and did not differ before and after treatment 
(P>0.05). Conversely, in 3 out of 5 subjects, tibial nerve SEPs were abnormal before dietary treatment 
and recovered after treatment. In particular, 1) the P40 (P = 0.003) and N37 (P = 0.019) latencies 
were decreased, and 2) the N24-P40 interpeak interval (P = 0.016) was shortened after treatment, as 
compared to before treatment. Lastly, treatment led to an increase of the both N37 (p=0.029) and the 
P40 (p<0.05) amplitudes.

Conclusions

Our data show that the treatment with LO + CLA mixture in X-ALD carriers can revert 
the somatosensory conduction worsening. To our knowledge, this is the fi rst evidence of a 
neurophysiological improvement after treatment in X-ALD.
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Mucopolysaccharidosis (MPS) is a progressive disease, that involves multiple organs. This 
requires necessary a continuous evaluation of the clinical status of these patients. The Carpal Tunnel 
syndrome (CTS) is a complication very common in MPS but in most of the patients there is a 
late diagnosis. CTS is rarely reported in pediatric patients. We examinated 5 children with MPS, 
aged between 1 to 11 years, in the absence of specifi c clinical symptoms of CTS. We report the 
neurographic study that has been made on these patients and the changes highlighted in some of 
them. We believe it will be usefull, to underline the importance of neurographic study of the median 
nerve in children with mucopolysaccharidosis, because, in this age group the presence of symptoms 
of CTS is not referred by these patients.
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Introduction

Martin-Gruber anastomosis is a connection between median nerve and ulnar nerve in the 
forearm, carrying morot or/and sensory fi bers. Its incidence is variable between neurophysiologic 
and anathomical studies, from 10% to 40 %.

Methods

We report the cases of two patients who presented to us with nerve tumors of the upper limb. 
Neurophisiological and nerve ultrasound were performed.

Results

Neurophisiological examination showed, in both patients, the presence of Martin-Gruber 
anastomosis. After that, nerve ultrasound gave additional information about the type of tumor.

Conclusions

This combination resulted being, in one case, a great luck for the patient, since some nerve fi bers 
were spared from the tumor (neurofi broma) thanks to the anastomosis; in the other case, because of 
the anastomosis, the tumor (swannoma) was involving fi bers of both median and ulnar nerve.

In both cases accurate neurophisiological examination, supported by nerve ultrasound, was 
crucial for therapeutic decision.

Libro_riassunti_c12.indb   204Libro_riassunti_c12.indb   204 14/09/11   14:4814/09/11   14:48



CORSO DI AGGIORNAMENTO 
NAZIONALE DELLA SOCIETÀ ITALIANA 

DI NEUROFISIOLOGIA CLINICA
Lecce, 22-24 Settembre 2011

ELETTROMIOGRAFIA

Moderatori:
D. Cocito (Torino), V. Donadio (Bologna)

Libro_riassunti_c12.indb   205Libro_riassunti_c12.indb   205 14/09/11   14:4814/09/11   14:48



Libro_riassunti_c12.indb   206Libro_riassunti_c12.indb   206 14/09/11   14:4814/09/11   14:48



207

THE SILENT CORTICAL PERIOD IN FACIAL MUSCLES AFTER 
ESTETIC TREATMENT WITH BOTULINIC-TOXIN

M. Bizzarini1, L. Semenzato1, M. Zanchi2, M. Signorini3, A. Marchetto3

1U.O. Neurologia Ospedale Civile Venezia
2U.O. Dermatologia Ospedale Civile Venezia, Ospedale dell’Angelo Mestre
3AFaR, Associazione Fatebenefratelli per la Ricerca, Venezia-Roma 

The recent broad cosmetic use of botulinum toxin raised the interest on the effect of the treatment 
on the facial emotional expression.

In clinical practice, it may observed that the aesthetic treatment with botulinum toxin-A (BontA) 
may modify the muscular activation pattern involved in some main facial emotional expressions. In 
specifi c, an unusual activation of the lower facial district is observed during the expression of rage 
after the treatment with BontA of both corrugator and frontalis muscles.

In the present study we evaluated the cortical silent period evoked by magnetic stimulation 
recorded at the level of orbicularis muscle of the mouth, in voluntary subject before and after (one-
month follow up) the treatment with BontA of the corrugator and frontalis muscles.

Subjects showed a reduction of the silent period ascribable to the effect of an increased cortical 
excitability of non-treated muscles involved and coactive in the facial expression of the same 
emotion.
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Objective

To analyze number, incidence, site and concomitant surgery of iatrogenic neuropaties in Italy.

Methods

We present part of the results of an Italian  prospective multicentric study on traumatic neuropaties 
(TN). The clinical diagnosis was confi rmed by EMG-ENG, using conventional recording techniques 
and according to the standardized protocols and recommendations of AAN. Number, percentage and 
site of iatrogenic injuries were identifi ed; moreover, the concomitant surgery associated with these 
injuries were described.

Results

158 consecutive patients with  211 NT were enrolled;  24/211 TN were  iatrogenic injuries  
(15%). Site of iatrogenic  injury were:  peroneal nerve (28%); ulnar and radial nerve (17%);  sciatic 
nerve (17%); median nerve (8); brachial plexus (4%); femoral nerve (4%); spinal accessory nerve 
(4%). Concomitant surgerical procedures were: humerus osteosynthesis (28%), hip prosthesis 
(24%), femur osteosynthesis (19%), elbow osteosynthesis (9.5%), decompression of the median 
nerve (9.5%), forearm osteosynthesis (5), reconstruction of the rotator cuff (5%).

Conclusions

In our study, 24 of 211 TN (15%) were iatrogenic injuries, all concomitant to an orthopaedic 
surgical interventhesis. 

We propose to continue the multicentric enrollement of patients with iatrogenic injuries  to 
evaluate the real epidemiological  impact  of these neuropaties in Italy.

Libro_riassunti_c12.indb   208Libro_riassunti_c12.indb   208 14/09/11   14:4814/09/11   14:48



209

BULBOCAVERNOSUS REFLEX: NORMATIVE DATA

G. Granata1,2, L. Padua1,2, F. Rossi3, P. De Franco1, C. Erra1, V. Rossi4

1 Department of Neuroscience, Institute of Neurology, Chatolic University, Rome
2 Don C. Gnocchi Onlus Foundation
3 Department of Neurology, Università Federico II
4 Servizio di Neurofi siopatologia, AORN Cardarelli, Napoli

Objective

Bulbocavernosus refl ex is the neurophysiological examination of the sacral refl ex arc. In each 
patient with suspected urinary, bowel, or sexual neurogenic dysfunction, neurophysiological 
evaluation of the sacral segments should be performed. The aim of this study is to determine 
normative values for the bulbocavernosus refl ex.

Methods

We studied 105 male patients. The sacral refl ex was elicited after electrical stimulation. Surface 
stimulation electrode was applied to the base of the penis dorsum. Surface recording electrode was 
applied above the bulbocavernosus muscle. We recorded the latency, calculated at onset, and the 
maximal amplitude of response, calculated peak to peak. 

Results

We were able to detect the bulbocavernosus refl ex in all examined men. No correlation with age 
was found. The mean onset latency value was 33.0  + 4.85 ms  (mean + 2 SD). The mean amplitude 
value was 16.53 + 12.21 μV  (mean + 2 SD).

Conclusion

Our normative data of bulbocavernosus refl ex were similar to the previoiusly published. To 
our knowledge this is the study that provides normative values for the neurophysiologic study of 
bulbocavernosus refl ex with the bigger sample of patients. 
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Introduction

Ultrasound (US) is able to identify nerve and muscle anatomical variations associated with 
Carpal Tunnel Syndrome (CTS), like bifurcation of the median nerve and reverse Palmaris longus 
muscle. US is an inexpensive method, allows a dynamic evaluation and can be performed in the 
same session as a neurophysiological evaluation (Padua et al., 2007).

Objective

To provide an anecdotic report of the US usefulness in the identifi cation of nerve and muscle 
anatomic variations and in giving additional information to the clinical and electrophysiological 
examinations.

Methods

A 56 years-old woman reported symptoms suggestive of bilateral CTS. The diagnostic protocol 
done consisted in: neurological examination, Nerve Conduction Velocity (NCV) of median and ulnar 
nerves (distal motor latency, sensory conduction velocity from the fi rst and third fi ngers to the wrist 
for the median nerve), electrophysiological severity scale and ultrasound scan (US). Relationship 
between NCV and US was evaluated.

Results

On examination no motor or sensory defi cit was observed. The NCV showed minimal CTS on 
the left hand (normal standard tests but abnormal comparative test- Radial-Median test with double 
peak) and a mild CTS on the right hand (slowing of the median digit-wrist segment – 37 m/s - and 
normal distal motor latency). US showed a bifi d right median nerve at the wrist and an accessory 
muscle (reversed Palmaris Longus).

Conclusions

The US evaluation allows the diagnosis of anatomical variations that strongly modifi ed the 
therapeutic approach of the patient, as the presence of a structure reducing the tunnel canal suggested 
the surgical decompression instead of the conservative approach. It also provides information useful 
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for surgical procedure because the bifi d median nerve increases the risk of major nerve damage in 
case of endoscopic surgery. 

US is a non-invasive and inexpensive technique, very useful to support the clinical and 
neurophysiological diagnosis of CTS. Furthermore, it also revels possible abnormalities of the 
median nerve, adjacent muscles and tendons, providing anatomic information not obtainable with 
electrodiagnostic studies. 
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Introduction

Ultrasound (US) is useful to identify the relationships between the nerves and the surrounding 
structures such as muscles, bones, tendons and metallic tools and to provide additional information 
to the clinical and electrophysiological examinations.

Method

We present the case of a patient with fractures of the left humerus and ulna, who underwent 
to reduction and fi xation with osteosynthesis. After surgery the patient reported the appearance of 
weakness in the hand, also showed at the physical examination.

The US examination shows, a distal segment of the arm, an ulnar nerve’s increase in volume, 
with cross sectional area of 19,8 mm2, and a severe suffering in the nerve at the elbow due to close 
contact with hyperechoic structures, probably due to osteosynthesis over which the nerve runs. 

Results

At the time of neurological examination was not clear why the weakness was started about a 
month after injury and surgery. 

The U.S. has allowed to identify the cause by showing a chronic nerve damage, microtraumatic 
and by contact/friction. The surgical neurolysis confi rmed US results.

Conclusion

The ultrasound shows the exact location, extent and type of injury, and other important 
information that might not be obtainable by other diagnostic aids. The information provided by US, 
would be possible only through an exploratory surgery. 
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Introduction

Neurophysiological data of Peripheral Nervous System (PNS) maturation in neurologically normal 
Very Preterm Infants are very scanty. The last important study, published by Smit ten years ago, reported 
a delayed of extrauterine maturation. Since then the advance in perinatal medicine improuved the care of 
this patients. Our aim is to study the neurophysiological maturation of PNS in Extremely Low Gestational 
Age (ELGA) and Low Gestational Age (LGA) neurologically normal preterm infants.

Material and methods

We performed the Sensory-Motor (S-M) NCS in 26 neurologically normal preterm babies, range 23-
33 weeks of Gestational Age (GA) in the fi rst week of life. 11 of them were studied also at term corrected 
age (TCA). Cross-sectional and longitudinal values of S-M NCS in the upper and lower limbs were 
analyzed in relation of Post-Mestrual Age (PMA) and matched with those measured in a group of 10 
Full-Term (FT) babies. Statistical Analisys: ANOVA, Linear and Multivariate Regression. 

Results

The range of values related to GA was 7,5-20,8 m/s and 11-25,2 m/s for Posterior Tibial and 
Ulnar M-NCS, 8,4-22,5 m/s and 9,4-19,6 m/s for S-NCS of Medial Plantar and Median nerves, 
respectively S-M NCS values increased signifi cantly in relation to PMA (p <0,005). The same trend 
had the amplitudes and areas of motor and sensory responses. Not signifi cant difference was found 
between S-M NCS TCA and FT babies. 

Conclusion

The S-M NCS was clearly related to PMA and extrauterine life does not affect the maturation of 
PNS in neurologically normal very preterm babies. Our protocol is easy to be applied and can play 
a full and overview of NCS informations, even in ELGA infants.
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Introduction

Immune-related neuropathies have non-homogeneous nerve involvement making it diffi cult the 
characterization of ultrasound (US) abnormalities. We developed two measures able to provide a 
scoring system to quantify US abnormalities in those cases.

Methods

Intra-nerve cross sectional area (CSA) variability for each nerve was calculated as maximal/
minimal CSA. Inter-nerve CSA variability for each patient was calculated as maximal intra-nerve/
minimal intra-nerve CSA variability. Six patients underwent US evaluation of median, ulnar, 
peroneal, tibial and sural nerves, and the abnormalities scored with the newly developed measures.

Results

The new measures were applicable to all nerves and patients. The highest degree of intra- and 
inter-nerve CSA variability was observed in multifocal motor neuropathy, consistent with the 
asymmetric nerve involvement of this neuropathy.

Discussion

The application of intra and inter-nerve CSA variability measures allowed us to quantify the 
heterogeneity of nerves and nerve segments involvement identifying different US patterns in diverse 
immune-related neuropathies. 
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Introduction

The typical neurophysiological abnormalities in botulism are small amplitude muscle action 
potential (cMAP) and increased jitter with blocking on single fi ber electromyography (SFEMG) 
(Sanders DB et al. 2003); moreover, we have previously reported lacking of facilitation on repetitive 
nerve stimulation (RNS) (Lispi L et al 2009). An explanation for the reduced cMAP amplitude 
and for the absence of facilitation is the structural blockage induced by botulinum toxins at the 
neuromuscular junctions. On the other hand, the jitter abnormalities could be related either to the 
synaptic blocking or to the formation of new synapses, that have been documented in experimental 
botulism by means of immunocytochemical studies (Pestronk A. 1988).

Objective

a)To outline the timing of the neurophysiological abnormalities induced by botulinum toxin A; b) 
to investigate the neurophysiological fi ndings; c) to assess the correlation between neurophysiological 
and morphological fi ndings.

Matherials and Methods

Ten healthy volunteers were inoculated with 15 UI botulin toxin type A in extensor brevis 
digitorum (EDB) muscle. The peroneal nerve was stimulated at the ankle and the cMAP was 
recorded at rest, at 3 and 20 Hz. At the same time an EMG and SFEMG analysis was conducted on 
the EDB muscle. The study was performed at baseline, then weekly for the fi rst 4 weeks, then every 
two weeks for the following 8 weeks.

Results

A week after the inoculation all the subjects showed a small cMAP amplitude, with a recovery 
beginning on week 4 and partially resolved by the end of the observation period. Absence of 
decremental response at slow rate repetitive nerve stimulation (RNS) and absence of facilitation 
at high rate RNS were observed in all the subjects. The EMG examination demonstrated scanty 
fi brillations and low amplitude, short duration motor unit potentials since the fi rst week. Abnormal 
jitter and blocking were showed by SFEMG from the week 2 and these abnormalities were more 
prominent on week 8, combined with denervation/reinnervation fi ndings.

Conclusions

The low cMAP amplitude is the main early fi nding in case of botulism; the absence of facilitation 
is always present, and it is probably related to the structural synaptic blockage. Subsequently, jitter 
abnormalities appear together with the denervation/reinnervation changes, suggesting that they are 
related to the sprouting of the nerve terminal and the formation of new neuromuscular junctions.
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Introduction

The cutaneous silent period (CSP) is a spinal inhibitory refl ex evoked in hand muscles, by 
painful digital nerve stimulation, and mediated by Aδ-fi bres. The physiological mechanisms and 
neurotransmitters mediating the CSP must be still elucidated. To investigate the central nervous 
system circuitry of this inhibitory refl ex, we elicited CSP and RIII (an opiate-sensitive nociceptive 
refl ex) before and after 100mg oral tramadol administration in a group of healthy subjects.

Tramadol is a centrally acting atypical pain reliever, with a low affi nity for opioid receptors and 
with the ability of release serotonin and of inhibit the reuptake of noradrenaline.

Materials and Method

Eleven healthy volunteers were enrolled. Inclusion criteria were absence of any overt medical 
condition, and, in particular, no personal or family history of neurological diseases. Participants 
taking regular medications in the past 2 months were excluded. In all subjects we recorded: 

the CSP of the First Dorsal Interossei (FDI) muscle from the right hand through surface 
electrodes. The fi fth digit of the right hand was stimulated by electrical shock with intensity set at 
20 times perception threshold.

The RIII refl ex in the right biceps femoris muscle. 
The refl ex was elicited by delivering a train of 5 electrical stimuli (20ms duration, 1.5 times 

refl ex threshold) to the retromalleolar ipsilateral sural nerve.
We performed the electrophysiological recordings before, immediately after, and up to 6 hours 

the administration of tramadol (100mg orally administered).
Subjects rated the subjective intensity of the peripheral painful sensation, after every recordings, 

on an 11-point numerical scale (11P NS) scale, graded from 0 = no pain to 10 = unbearable pain.

Results

Following 100 mg oral dose administration of tramadol the CSP latency was signifi cantly shorter 
than to the baseline value at 2h, 3h, 4h and 5h (p<0.05); the CSP duration was signifi cantly longer 
than the baseline value at 1/2h, 1h, 2h, 3h (p<0.05). From 1h to 3h after tramadol administration 
the NWR area was signifi cantly diminished (p < 0.05). A signifi cant reduction in 11PNS scale was 
observed at 1h, 2h and at 3h after drug administration.
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Conclusion

Tramadol is a centrally acting pain reliever with a weak link for the μ-opioid receptors and 
an additional non-opioid mechanism that contributes to its pharmacological action. In fact, 
on one hand tramadol analgesia is only partially inhibited in humans by selective μ-opioid 
antagonist naloxone and, on the other hand, its analgesic action is reinforced by interfering with 
the re-uptake of serotonin and norepinephrine. Since it has been shown previously that circuits 
mediating CSP are not opioid sensitive, our fi ndings of tramadol-enhanced CSP duration may 
indicate an involvement of monoaminergic circuits in the generation/control of this inhibitory 
response in hand muscles.
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Background and rational

Single fi bre electromyography (SFEMG) is a very sensitive electrophysiological technique 
allowing the detection of changes at the neuromuscular junction. The most accurate diagnostic test 
in MG is SFEMG, particularly in the patients with ocular symptoms; most specifi c is the assessing 
of AChRAB level in blood serum. Furthermore, the detection of antibodies anti-MuSK calls against  
thymectomy, allowing a more accurate selection of the patients eligible for the surgical removal of 
the thymus. The patients with ocular symptoms otherwise undiagnosed can draw serious advantages 
of SFEMG because this technique turned out to be the most sensitive in ocular myasthenia gravis 
(OMG).

Materials and Methods

1.Patients. Over the last 6 years, 149 consecutive unselected patients has been submitted to 157 
single fi bre EMG investigation: 109 recordings have been performed in the orbicularis oculi muscle 
(OOm) and 48 in the extensor digitorum communis muscle (EDCm); therefore in a proportion of 
the patients both the muscles have been investigated. All of the patients have already performed the 
repetitive nerve stimulation (RNS) before the study, or during the same recording session. Only in 
three patients the RNS gave a positive result, with the SFEMG defi nitely abnormal.  The features 
of the symptoms of the patients with ocular disturbances were intermittent and fl uctuant palpebral 
ptosis, intermittent diplopia, or both. 2.SFEMG method. The SFEMG  has been performed in the 
OOm on the affected side; the SFEMG in the EDCm has been performed in a subgroup of patients 
in the right side or the more symptomatic limb, so to compare the sensitivity in the two muscles, 
even though a subset of patients have performed the two muscle for comparative evaluation. The 
diagnostic criteria for normal vs abnormal fi ndings were the increase of the mean jitter over 20 
blocks of sequences, the increase of the jitter over 55 micros in at least 3 individual sequences and 
the presence of blockings in al least two sequences. SFEMG results were expressed as the “mean 
value of consecutive differences” (mean MCD). The needles were the facial concentric (CN) for the 
OOm and the SF needle in the EDCm. The results in literature indicate that CN-SFEMG showing 
abnormal jiggle is extremely useful for confi rming the diagnosis of MG, but that CN-SFEMG 
showing normal jiggle has limited utility in excluding the diagnosis.
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Results

On average, were analysed 19 single fi bre complexes for patient, ranging from 7 to 27; in fact in 
some patients the examination has been interrupted because of obvious abnormal fi ndings. OOm: 
on the whole, the mean jitter (MCD) was 34,5 micros;  78/109 recordings were normal, while 31 
patients had a signifi cantly increased percentage of complex with abnormal jitter; nine of them had 
normal mean jitter. EDCm: on the whole, the mean jitter was  43,8 micros; 33/48 recordings were 
normal, 14 had an increased percentage of complex with increased jitter, and only one patient had 
an increased mean jitter and normal percentage of complex with jitter increased. The comparative 
evaluation of the results in the two muscles has showed that in the OOm the percentage of complex 
with jitter increased over 55 micros was more sensitive then the mean jitter, the opposite had 
been detected in the EDCm, the mean increased jitter was more abnormal than the percentage of 
complexes with increased jitter. 

Conclusion

In 31 out of 109 unselected and consecutive patients with ocular symptoms the SFEMG has 
showed abnormalities in the neuromuscular junction, addressing to a possible diagnosis of OMG; 
the abnormalities detected in the EDCm have a peculiar diagnostic meaning in our patients, showing 
either a subclinical generalisation of the pathological process or the presence of a unattended 
pathophysiological phenomena. The comparative evaluation of the data obtained in the OOm and 
in the EDCm has also showed qualitative differences, a data in favour of peculiar changes in the 
neuromuscular junction.

The result of our study has showed that the frequency of SFEMG abnormal fi ndings was a bit 
lower compared with literature data reporting a sensitivity of about 90%. One of the possible reason 
was possibly related to the inclusion criteria that have been chosen for the patients to be submitted to 
the SFEMG. On the other hand, in a patient with no others diagnostic indicators for OMG, it might 
be diffi cult to select the patients in more rigorous way. 
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Introduction

Recently a rat model of ALS harbouring a mutant SOD1G93A gene has recently been generated, 
exhibiting, clinical features that resemble the human phenotype more closely than mice ALS models. 
The clinical characteristics and larger size of the rat model might give the opportunity for more 
extensive studies for a better comprehension of ALS pathogenesis and could be a good model for 
testing new therapeutic strategies. However, a detailed neurophysiological characterization of this 
model is still lacking. 

Aim of the study

Longitudinal neurophysiological characterization of the SOD1G93A ALS rat model. 

Methods

We performed a neurophysiological study on 5 wild type rats and 5 SOD1 (G93A) transgenic rats 
at 60,90,100,120,140 post natal days, for monitoring the  development of the disease in this murine 
model of ALS. The sciatic nerve motor conduction velocity (MCV) and Motor evoked potentials 
(MEP) by transcranial electric stimulation (TES) were performed to obtain respectively peripheral 
and central nervous system functional parameters. An unpaired Student’s t test was performed for 
statistical evaluation of the data. Needle analysis of bicipitis and tricipitis brachii, vastus and gemini 
muscles was performed in all ALS animals.

Results

In SOD1 rats the amplitude of tibial nerve MAP starts to decrease at 120 pnd and dramatically 
falls down whit statistical signifi cance (P <0.001) at 140 pnd. The F wave latency, the motor 
conduction velocity and MEPs latency didn’t modify at comparison with controls at any times. The 
cortical MEP amplitude decreases, in comparison with controls, since 90 pnd (p=0.02) and worsens 
at 120 pnd (P <0.001). Cortical MEP at 140 pnd is not evocable in all affected animals. Together 
with the reduction of cMEP amplitude we observed a consensual reduction of MEP/MAP ratio in 
all affected animal and an increased cortical motor threshold. (p=0.04 at 90 pnd and p=0.004 at 120 
pnd). The needle analysis of ALS rats muscles showed active denervation (jasper and fi brillation ++) 
at 120 pnd, that worsen at 140 pnd (jasper and fi brillation +++)
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Conclusion

In peripheral nervous system of ALS rats we found an important reduction of cMAP amplitude, 
meaning an important axonal loss only at the end stage of the disease. While in central nervous 
system we found an earlier reduction (until 90 pnd) of cMEP amplitude an a reduction of MEP/
MAP ratio, that even worse at 140 pnd when cMEP is inevocable. This data cn suggests a more 
evident involvement of central nervous system, but the consensual reduction of cortical motor 
threshold could mean a reduced excitability of the system that can be due to a more early functional 
dysfunction of upper or spinal motoneurons. This data represent a starting point for monitoring the 
in vivo progression of the pathology and test the effi cacy of new therapeutic strategies.
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USEFULNESS OF ULTRASONOGRAPHY IN A DIAGNOSIS OF AN UNUSUAL 
ULNAR NERVE ENTRAPMENT AFTER OLECRANON FRACTURE

C. Erra1, D. Coraci1, G. Granata1, P. De Franco1, L. Padua1,2

1 Departments of Neurosciences, Institute of Neurology, Catholic University, Rome
2 Don Gnocchi Foundation, Rome

Introduction

It has been suggested that US is a non invasive technique that can provide useful information 
about the site and type of nerve lesion and also detects unexpected types nerve impairment, diffi cult 
or impossible to detect with electrophysiology alone.

Methods

We describe the case of a 45-year old man with ulnar nerve entrapment due to a callus osseous 
developed around the nerve, after a traumatic olecranon epiphyseal fracture of the left arm due to 
a bicycle fall. The fracture was surgically treated immediately after the trauma. Four months later 
surgery, the patient referred to us complaining of a progressive sensitive and motor impairment of 
the left hand in the ulnar region. 

We performed clinical, neurophysiological and US evaluation.

Results

Electrophysiological examination indicated ulnar nerve damage at the elbow. 
Ultrasound evaluation showed an entrapment of the ulnar nerve within a hyperechoic structure 

compatible with of a callus osseous. 
The surgeon then confi rmed the picture showed by ultrasounds. 

Conclusions

This case confi rms the role of US as a useful tool in traumatic nerve injuries. Together with 
neurophisiological examination, it increases diagnostic sensitivity in nerve damage, but it also 
provides unique information on site, type and on the aetiology of nerve damage, thus infl uencing 
management and treatment.
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CORRELATION OF TRANSCRANIAL COLOR DOPPLER TO N20 
SOMATOSENSORY EVOKED POTENTIAL DETECTS ISCHEMIC 
PENUMBRA IN SUBARACHNOID HEMORRHAGE

P. Di Pasquale1, P. Zanatta2, E. Bosco2

1Anaesthesia and Intensive Care Department, Rovigo Hospital 
2Anaesthesia and Intensive Care Department, Treviso Regional Hospital 

Background

Normal subjects present interhemispheric symmetry of middle cerebral artery (MCA) mean 
fl ow velocity and N20 cortical somatosensory evoked potential (SSEP). Subarachnoid haemorrhage 
(SAH) can modify this pattern, since high regional brain vascular resistances increase blood fl ow 
velocity, and impaired regional brain perfusion reduces N20 amplitude. Infact,there is strong 
correlation between variations of electrophysiological changes and regional cerebral blood fl ow 
(rCBF), and a 50% reduction in cortical SSEP amplitude at rCBF levels between 14 and 16 ml/100 
g/min has been demonstrated in experimental studies. For this reason cortical N20 SSEP from the 
median nerve has been widely used to evaluate cerebral function in carotid surgery and intracranial 
aneurysm operative procedures. Mechanism, diagnosis and prevention of brain injury after SAH 
have been widely investigated, but evaluation of correlation between variations of cortical activity 
expressed by evoked potentials and regional brain vascular changes detected by transcranial color-
Doppler is lacking. We investigated the variability of MCA resistances and N20 amplitude between 
hemispheres in SAH, by interhemispheral comparison of both values of MCA blood fl ow velocity 
detected by TCCD and N20 amplitude, in a series of case studies of patients with SAH.

Methods

Measurements of MCA blood fl ow velocity (vMCA) by transcranial color-Doppler and median 
nerve SSEP were bilaterally performed in sixteen patients. Each patient was examined several times 
on different days throughout the survey. To evaluate correlation between variations of cortical activity 
and regional cerebral blood fl ow , we used a semiquantitative approach comparing relationship 
between interhemispheric ratio of N20 amplitude and reciprocal of MCA blood fl ow velocity. Infact, 
the vessel section πr² (r = radius of the vessel), is inversely proportional to mean blood fl ow velocity 
V, and directly proportional to blood fl ow F (πr²= F/V). Consequently, the variability in MCA vessel 
section resistances and blood fl ow, between hemispheres within one subject, can be evaluated by 
a semi quantitative approach, comparing the reciprocal of MCA mean blood fl ow velocities (1/
vMCA) detected simultaneously on both sides, assuming the other determinants of F and V to be 
constant (F = ΔP·πr²·r²/8ηl, V = ΔP·πr²/8ηl, ΔP = cerebral perfusion pressure, η = blood viscosity and 
l = length of measured segments of MCA).

MCA vascular changes on the compromised hemisphere were calculated as a ratio of the 
reciprocal of mean fl ow velocity (1/vMCA) to contralateral value and correlated to the simultaneous 
variations of interhemispheric ratio of N20 amplitude, within each subject. Data were analysed with 
respect to neuroimaging of MCA supplied areas.
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Results 

MCA vascular changes detected by TCCD in SAH show signifi cant statistic linear correlation 
with cortical activity measured by the early cortical component (N20) of the somatosensory evoked 
potential from the median nerve. Three different patterns of neurovascular coupling were identifi ed 
matching the interhemispheric ratios of N20 and reciprocal of MCA mean fl ow velocity detected 
within each patient, to CT scan or MRI images of MCA areas. 1) 1/vMCA and N20 ratios > 0.65 
correspond with absence of neuroimaging alterations in MCA areas and lateralizing symptoms: this 
pattern indicates an ongoing equilibrium of neurophysiological and vascular condition. 2): both 1/
vMCA and N20 values lower than 0.65 in respect of the contralateral correspond with TC/MRI scan 
images of transient alterations in the MCA area and clinical evidence of lateralizing symptoms or 
consciousness modifi cation: this pattern identifi es a situation of reversible ischemic penumbra and 
can evolve either to the re-establishment of a normal and symmetric condition, expressed in pattern 
1, where N20 and 1/vMCA absolute values show little or no interhemispheric difference; or to the 
next pattern. 3) 1/vMCA value > 0.65 and N20 amplitude < 0.65 in respect of the contralaterals 
correspond with TC/MRI scan images of hemispheral structural damage in the MCA area: this is a 
condition of evident structural ischemic or hemorrhagic damage in which there is a luxury perfusion 
in the injured brain area.

Figure 1

Patterns of 1/vMCA and N20 interhemispheral ratios related to CT/MRI 
scan images of corresponding MCA  area
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The scatter diagram shows the distribution of all couples of 1/vMCA and N20 ratio values detected 
in 16 patients. Each point identifi es a couple of 1/vMCA (X axis) and N20 (Y axis) interhemispheral 
ratio values.

In section A, both 1/vMCA and N20 interhemispheral ratio values > 0.65 correspond to CT/MRI 
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normal images of MCA supplied area: this is the area of absence of damage, where N20 amplitude 
and 1//vMCA values show interhemispheral symmetry. In section B, 1/vMCA ratios > 0.65 coupled 
with N20 ratios < 0.65 correspond with CT/MRI images of unilateral structural brain damage in the 
MCA supplied area: this is the brain injury area, where pathological amplitude or absence of N20 
refl ects the tissue damage, whereas 1/vMCA values reverting to those of the uninjured contralateral 
area suggests a luxury perfusion state. In section C, both 1/vMCA and N20 interhemispheral ratio 
values < 0.65 correspond with CT/MRI images of unilateral transient and reversible alterations in 
MCA supplied area; this condition is capable of reverting to normal (section A) or evolving to stable 
damage (section B): this section could be named “ischemic penumbra zone”. In section D no ratio 
allocation is found : this area would correspond with a condition of unilateral hemispheric alteration 
of vascular resistances due to reduction of MCA vessel section and consequent low 1/v MCA ratio, 
in contrast to symmetrical bilateral N20 amplitude and high interhemispheric ratio value. It is 
reasonable to hypothesize an impossible coexistence of altered regional brain perfusion with normal 
cortical activity.

Conclusion

Variations of interhemispheric ratios of MCA resistance and cortical N20 amplitude correlate 
closely in SAH and allow identifi cation of the reversible ischemic penumbra threshold, when both 
ratios become <0.65. The correlation is lost when structural damage develops.
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MECHANISMS OF PAIN IN CRYOGLOBULINAEMIC NEUROPATHY

S. La Cesa, A. Biasiotta, G. Di Stefano, C. Leone, M. Casato, C. Giordano, G. D’Amati, A. Truini, 
G. Cruccu

University Sapienza, Rome

We aimed at gaining information on peripheral neuropathy and neuropathic pain in patients 
with cryoglobulinaemia. We collected 40 consecutive patients with cryoglobulinaemia. All patients 
underwent a standard nerve conduction study (NCS) to assess Aβ-fi bre function, laser evoked 
potentials (LEPs) to assess Aδ-fi bre function, and skin biopsy to assess C-fi bre terminals.

We used DN4 questionnaire to diagnose neuropathic pain, and the Neuropathic Pain Symptom 
Inventory to rate the intensity of the different qualities of neuropathic pain.

Twenty-seven patients had a peripheral neuropathy. Twenty-one had neuropathic pain as assessed 
by the DN4 questionnaire. NPSI questionnaire showed that most patients (19 out of 21) had ongoing 
burning pain, and sixteen patients had provoked pain such as allodynia and hyperalgesia. Patients 
with peripheral neuropathy had an older age and a higher cryocrit than those without (age: P = 0.02; 
cryocrit: P = 0.048).

The correlation between the intensity of ongoing burning pain and LEP amplitude approached 
the signifi cance (P= 0.059). Skin biopsy study showed that axonal swelling was higher in patients 
with neuropathic pain than in those without (P = 0.03). 

Our fi ndings showed that an older age and a higher cryocrit are associated with the development 
of peripheral neuropathy. The correlation between the intensity of ongoing pain and LEP attenuation 
and the association between neuropathic pain and the axonal swelling indicate that neuropathic pain 
refl ects damage to nociceptive axons. 
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NEUROPHYSIOLOGICAL EVALUATION OF PAIN PATHWAYS IN 
PARKINSON DISEASE 

D. Le Pera, A. Di Cesare, L. De Armas, F. Stocchi, M. Tinazzi, M. Valeriani

Neurological Rehabilitation Dept., IRCCS San Raffaele Pisana, Rome

Introduction

The prevalence of pain in Parkinson Disease (PD) is between 40% and 75% and represents a 
major cause of disability. Its pathogenesis is still matter of debate, since in 10-30% of patients no 
evident causes of pain are identifi ed.

Objectives

To evaluate if PD patients had a reduced habituation to repetitive noxious stimuli using Laser 
Evoked Potential (LEP) technique with a specifi c paradigm protocol. Since habituation has been 
shown to be reduced in some pain disorders (Migraine or Cardiac Syndrome X), the hypothesis 
can be made that a reduced habituation may have a role in the development of the parkinsonian 
pain. METHODS: we have studied 7 PD patients with chronic pain in ON and OFF states and 
10 PD patients without pain in OFF state. LEPs were recorded from 4 scalp electrodes after three 
consecutive repetitions of 30 laser stimuli, separated by a 5-min interval, delivered on the skin 
overlying the painful area and of a non-painful area. Symmetrical areas were stimulated in pain-free 
patients. The intensity of spontaneous and laser induced pain were scored according to 0-100 visual 
analogue scale.

Results

No signifi cant changes in amplitude of the major LEP components were detected during the three 
consecutive repetitions of laser stimuli in all our PD patients. The reduced habituation was observed 
both in patients with chronic pain and without pain, it was not infl uenced by ON/OFF state and it 
occurred in LEPs recorded from the painful area as well as in those recorded from a non painful one.

Conclusions

Our fi nding of a reduction in habituation to painful stimuli raises the possibility of an abnormal 
central processing of the nociceptive input in PD patients. This phenomenon is not likely to be an 
epiphenomenon of pain, being present also in pain-free patients. Our results might be useful in 
clarifying the pathogenesis of chronic pain and in improving the pharmacologic pain treatment in 
PD
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EVOKED POTENTIALS AND KAWASAKI DISEASE
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di Palermo
3 5th year-student of the Faculty of Medicine and Surgery Università degli Studi di Palermo

Auditory and Visual Evoked Potentials are means used for the study of the neurosensorial 
conduction in the Central Nervous System (CNS), they’re highly sensible and specifi c even in the 
patients with subclinical damage.

It’s been thought to apply this method to Kawasaki Disease (KD) which is a systemic vasculitis 
of small and medium sized blood vessels; the coronary involvement is peculiar to KD, besides the 
CNS vessels’ and vasa nervorum’s one.

Diagnosis of KD is based on clinical, laboratory and instrumental criteria, and between them, 
the study of coronary arteries with Ecocardiography is fundamental. Literature describes the 
involvement of the auditory links (until the neurosensorial deafness) proved with the increase of the 
interpeak I-III in BAEP, probably secondary to the CNS and vasa nervorum involvement.

13 patients suffering from KD aged 1.83 ± 1,26 ys (6 with the typical form, 6 with the atypical 
one, 1 with the incomplete) have been evaluated. All of them have been submitted to VEPs and 
BAEPs during the acute stage. Results were related to fl ogosis, hematological, instrumental and 
therapeutical markers.

VEPs were normal in every patient.
BAEP were altered in 9 patients (69%). None of the patients had neurosensorial deafness. 

Signifi cative alterations were the reduction of V wave width, the increase of V wave latency and 
interpeak I-V.

It’s been detected a direct but not statistically signifi cative relation with the hematological 
alterations (GPT, GOT, γ-GT) but not with the coronaritis. BAEP alterations (especially the increase 
of the interpeak I-V) have a inverse and statistically signifi cative correlation with the dosage of 
ASA (p=0,031) and a direct and signifi cative proportionality with the number of days spent from the 
beginning of KD and the beginning of treatment with ASA or IVIG (p<0,05).

Therefore we presume the existence of a subclinical lesion in the brainstem (mesencephalon), 
the inferior colliculus being the generator of the V wave.

BAEP would allow a suitable diagnostical approach and mean of screening in the KD 
complications.
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Neonatal hypoxia and ischemia – in the term and preterm newborns- provoke lesions in the areas 
where the metabolical activity is high.

In term neonates, perinatal hypoxia provokes lesions in the cortical and subcortical areas, in 
the basal ganglia and cerebellum (structures which are fairly mature and endowed with talamo-
cortical stable connections even if they’re developing); in preterm newborns, lesions are situated in 
the periventricular zone of the subcortical and marginal zone (areas which are still differentiating 
and whose myelinization isn’t complete yet, they’re important for a correct modulation of the 
connections among subcortical nuclei and cortex).

Whenever a lesion interests one of this areas, it will cause some neurocomportamental disturbs.
At the birth, the visual system is still immature; primary sight begins to work at the 2nd-3rd 

month and is still maturing over the 5th months. The color perception is present at the birth but 
completes its evolution in the following months; the fi rst color to be seen is red.

The evoked potentials (SEP, VEP, BAEP) are used to study the cerebral maturation in term and 
preterm newborn.

VEPs (N75-P100-N145) are the most unspecifi c instruments to evaluate the cerebral maturation 
in term and preterm newborn.

Anyway, in our former studies, we’ve realized that:
Blue and Red fi lter fl ash-VEPs (more for the red ones) increase the sensibility with a reduction 

of the latency.
The late components of the white light fl ash-VEPs (P200, N300, P400, after discharge) can be 

used as markers of cerebral damage. 
We’ve carried out the clinical examination in 2 groups of patients to evaluate the predictivity in 

the neurological outcome: the former in the same term and pre-term newborns submitted to colored 
fi lter-VEPs (2007-2008), the latter in newborns in which the late components were investigated to 
look for some correlation with neuro-comportamental outcomes in 2009-2010. 

We evaluated 16 children (13 preterm and 3 term newborns) submitted to colored VEPs and 
23 children (20 were pre-term and 3 at term) submitted to VEPs and evaluation of the late latency 
of white-light-VEP (P200, N300, P400, after-discharge) as well as they were discharged from the 
NICU.

White-light-fl ash VEPs don’t show any signifi cative alteration; colored fi lters make the technique 
more sensible and are altered in the group of the term newborns; this alteration doesn’t correlate to 
the neurological outcome as the 92 % of the patients achieves a neuro-comportamental development 
proportional to the age.
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Alterations in the late components in the term and pre-term newborns are signifi cative in both 
populations. Alterations in the after discharge VEP show a good sensibility whereas low specifi city. 
Anomalies of P200, N300, P400 could correlate with the neurocomportamental alterations but only 
the P200 show a higher specifi city (p 0.007) although the sensibility is similar to the others.

The study of the late VEP components such as P200 seems to us a suitable test to study the 
cerebral maturation above of all in the preterm newborns and a useful marker of predictivity in the 
following neurological development.
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GIANT SOMATOSENSORY EVOKED POTENTIALS IN POSTANOXIC 
MYOCLONUS SUGGEST SELECTIVE THALAMIC VULNERABILITY

A. Ragazzoni, S. Colon, D. Battista, E. Del Sordo, C. Cardinali 

U.O. Neurologìa, Ospedale San Giovanni di Dio, Florence

Introduction

Myoclonus status in anoxic coma is a serious sequela of cardiac arrest and is associated with 
an unfavorable prognosis: t he trend is inexorably toward death or vegetative state. T he EEG shows 
different pictures of paroxysmal activity and somatosensory evoked potentials (SEPs), almost 
always, result as severely altered: the usual SEP pattern shows absence of responses of cortical 
origin (N20, P25) associated with normal responses at Erb’s point (N9) and the cervical spine (N13).

Objectives 

T describe the unusal SEP fi ndings in two patient with anoxic coma and generalized myoclonic 
status persistent for several days.

Methods

Median nerve SEPs and electroencephalograms were repeatedly examined in two patients (85 
and 87-years-old females) in coma following cardiac resuscitation, which presented with continuous, 
generalized, symmetrical, quasi-rhythmic myoclonic jerks in the face, limbs and abdomen muscles.

Results

The EEG recordings showed paroxysmal activity on both hemispheres. The recording of the SEPs 
over the days showed abnormally increased amplitudes of the cortical components (particularly P25 
and N30 in one, and N60 in the other), with voltages ranging 9 to 55uv: “giant” SEPs. Amplitude 
values of the responses N9 and N13 were normal, as well as absolute and interpeak latencies of all 
components. The patients died fi ve and seven days, respectively, after the cardiac arrest.

Conclusions

This observation confi rms the lack of positive prognostic value for SEPs in anoxic coma. Its 
peculiarity comes from the fact that in post-anoxic myoclonus status, considered the expression of a 
severely damaged brain, it shows the functional integrity of the somatosensory pathways associated 
with a decreased intracortical inhibition, responsible for giant SEPs. This unusual neurophysiological 
fi ndings prompt a discussion on the pathophysiology of myoclonus status in anoxic coma and 
strongly suggest a selective vulnerability of the thalamic somatosensory pathway. 
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Objective

To investigate the possible presence of multiple spino-thalamic pathways for warmth in the 
human spinal cord.

Method

C-fi ber related laser evoked potentials (C-LEPs) were recorded in 15 healthy subjects after warm 
stimulation of the skin. Laser pulses were delivered on the dorsal midline at four vertebral level: C5, 
T2, T6, and T10. The spinal conduction velocity (CV) was calculated in two different ways: 1) the 
reciprocal of the slope of the regression line was obtained from the latencies of the different C-LEP 
components, and 2) the distance between C5 and T10 was divided by the latency difference of the 
responses at the two sites. In particular, we considered the C-N1 potential, which is generated in 
the second somatosensory (SII)  area, and the late C-P2 response, which is generated in the anterior 
cingulate cortex (ACC).

Results

The calculated CV of the spinal fi bers generating the C-N1 potential (around 2.5 m/s) was 
signifi cantly different (P<0.05) from the one of the pathway producing the C-P2 response (around 
1.4 m/s).

Conclusions

Our results suggest that the C-N1 and the C-P2 components are generated by two parallel spinal 
pathways.
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STIMULATION ON SOMATIC AND TRIGEMINAL LASER EVOKED 
POTENTIALS IN MIGRAINE PATIENTS AND NORMAL SUBJECTS

E. Vecchio, C. Serpino, V. De Vito Francesco, K. Ricci, M. Delussi, G. Franco, M. de Tommaso

Department of Neurological Sciences, Neurophysiopathology of Pain, Aldo Moro University-Bari

Introduction

Non-invasive brain stimulation techniques induce an electrical stimulation of the brain in an 
attempt to reduce chronic pain by directly altering brain activity. In this case-control study we 
compared the effects of Transcranial direct current stimulation (tDCS) of the left primary motor 
cortex (M1) and left dorsolateral prefrontal cortex (DLPFC) both on subjective pain and on evoked 
responses induced by laser stimulation (LEPs).

Methods

The study was conducted in a cohort of twentyfi ve migraine patients without aura during the 
inter-critical phase, and ten age and sex-matched non-migraine healthy controls. Among migraine 
patients, we stimulated left DLPFC area in 17 cases and M1 area in 8 cases. Evoked laser 
potentials were recorded in basal, sham and during tDCS, by stimulating the controlateral hand and 
supraorbital zone. For tDCS a constant current of 2mA intensity was applied for 20 minutes. For 
sham stimulation, the electrodes were placed in the same positions as for real stimulation, but the 
stimulator was turned off after 30 s and thereafter received no stimulation for 10 minutes. The one-
way ANOVA was used to analyze the data where the LEP latency, amplitude, N2–P2 amplitude, and 
the laser pain rating were variables, the session (baseline, TDCS and sham) within subject factor. To 
compare the variables across the three different sessions, a post hoc multiple comparison Bonferroni 
test was applied to single groups. 

Results

We found a signifi cant reduction of N2-P2 amplitude among cases who received tDCS of the left 
M1, while the stimulation of DLPFC gave no signifi cant change in any LEPs parameters.

Discussion

Only few studies with small sample size examined the effects of tDCS on chronic pain and gave 
confl icting results [1,2]. Therefore there is limited evidence that tDCS to the motor or sensory cortex 
may have short-term effects on chronic pain. 
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Conclusions

Our results are in agreement with recent reports[1] demonstrating that tDCS over the motor 
cortex signifi cantly ameliorated acute pain perception and various symptoms related to chronic pain 
syndromes. Further studies are needed to clarify the possible role of tDCS in the management of 
migraine. 
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LASER EVOKED POTENTIALS IN PERSISTENT VEGETATIVE STATE
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1Department of Neurological and Psychiatric Science- University of Bari
2Department of Physical Medicine and Rehabilitation- San “Raffaele Foundation”, Ceglie Messapica (BR)

Objective

Probing consciousness in patients in persistent vegetative state (PVS) and in a minimally conscious 
state (MCS) is still really diffi cult and doubtful. It is not clear whether the absence of recognizable 
behavioral signs of awareness assure complete loss of any form of cognitive processing. The aim 
of the study is to investigate the cortical response to painful and auditory stimuli for subjects in 
persistent vegetative state and minimal conscious state.

Materials

We recorded event related potentials (ERPs) in fi ve patients in MCS and four in VS. We evaluated 
if there was a differential activation of the brain in response to hearing their own name spoken by a 
familiar voice compared with a digital one and the presence of laser evoked potentials.

Methods

Passive paradigms were employed in the present study. ERPs were recorded from standard scalp 
electrodes with auditory and visual passive paradigms. We also evaluated laser evoked potentials (LEPs).

Results

In patient in MCS and in two patients in PVS, we observed the N2 P2 complex reduced in 
amplitude compared to normal subjects. In all patients we registered the P300 related to the sound 
of a familiar voice pronouncing their name.

Discussion

We registered cortical functions persistence in situation of vegetative state. Pain is a salient 
stimulus perceived also in patients with disorders of consciousness and reveals presence of a state 
of alertness for painful stimulation.

Conclusions

These results strengthen the relevance of these neurophysiological tools to improve diagnosis of 
consciousness in non-communicating patients.
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Objective

Regarding hypoxic-ischemic encephalopathy, while the bilateral absence of cortical 
somatosensory evoked potentials (SEPs) is considered to be the best indicator of adverse outcomes, 
the presence of middle latency cortical somatosensory evoked potential (MLCEP) is associated with 
a favourable neurological prognosis. The main aim of this study was to investigate whether painful 
electrical stimulation of the median nerve might be considered a provocative test in eliciting MLCEP 
and in predicting comatose patients’ outcomes. We also studied whether painful electrical stimulation 
might contribute in  increasing the early prognostic value of functional magnetic resonance imaging 
in a small cohort of three patients with a different SEPs measures after cardiac arrest.

Methods

Pain-related SEPs were recorded in 17 patients with acute ischemic-hypoxic encephalopathy 
two days after cardiac arrest. Glasgow Coma Scale, electroencephalograms, heart rate and blood 
pressure changes were also recorded in the same time. Three month after cardiac arrest the same 
neurophysiological and clinical evaluation with inclusion of Glasgow Outcome Scale Extended was 
also performed only in the remaining patients with severe neurological outcome.

Three patients also underwent an functional magnetic resonance imaging evaluation with the 
same neurophysiological protocol one month after cardiac arrest.

Results

Patients who showed middle latency cortical evoked potentials had a good outcome, while 
patients without N20/P25 somatosensory evoked potentials (SEPs) but with an increase in blood 
pressure remained in a vegetative state. Furthermore, patients who did not show N20/P25 SEPs or 
an increase in blood pressure died within one week after the initial cardiac arrest. Only one patient 
who showed N20/P25 SEPs was minimally conscious. EEG did not change during the stimulation; 
in 60% of patients, the EEG showed a non-convulsive status epilepticus.

About fMRI, one patient who completely recovered showed the activation of all brain areas 
involved in cerebral pain processing. One patient in a minimally conscious state only showed the 
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activation of the primary somatosensory cortex. The last patient in a vegetative state showed only 
the activation of subcortical brain areas.

Conclusion

Data suggest that MLCEP during painful electrical stimulation might be a sensitive method to 
assess the neurological outcome of patients in the acute phase of coma. Blood pressure reactivity 
might be a prognostic physiological measure of survival in the vegetative state in patients without 
SEPs.

These results also suggest that somatosensory evoked potentials and functional magnetic 
resonance imaging during painful electrical stimulation might be a sensitive method to assess 
the neurological outcome in the acute phase of coma. Thus, pain-related somatosensory evoked 
potentials might be a reliable and a cost-effective tool for planning the diagnostic evaluation of 
comatose patients.
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Introduction

The precise role of the callosal pathway in visual processing remains controversial so far. One 
of the main functions of the visual callosal pathway is to guarantee the continuity of the sensory 
map across the hemispheres, ensuring fusion of the visual hemifi elds across the vertical meridian; 
the callosal pathway appears to transfer preferentially information related to high contrasts, and low 
temporal and spatial frequencies.

Objective

We studied the function of transcallosal projections in human primary visual cortex by temporarily 
disrupting cortical processing applying low-frequency rTMS.

Methods

We placed a fi gure-of-eight coil over left occipital pole, at the border between areas 18 and 17, of 
18 healthy subjects (mean age ± 1SD 26.6 ± 4.8 years). All our controls received 20’ of 0.5 Hz rTMS 
and visual evoked potentials (VEPs) were bilaterally recorded before (T0), immediately after (T1) 
and 45’ (T2) after rTMS. We used an horizontal, hemi-fi eld sinusoidal grating (spatial frequency 2 c/
deg), at three different contrast (K) levels (K90%, K50%, K20%). In addition, control experiments 
were performed in which rTMS was applied to a site more caudal to the 17/18 border.

Results

All subjects showed an increased of both N70 and P100 amplitudes within controlateral side 
immediately after deprivation period (p<0.02); a signifi cant decrease in P100 amplitude could be 
detected between T1 and T2 (p<0.05). No signifi cant changes were found in terms of peak-latencies. 
Low-frequency rTMS at a more caudal site had no effect on visual responses evoked by stimuli 
centred on the vertical meridian (p>0.1), supporting the spatial selectivity of the rTMS procedure 
and the specifi city of the transcallosal effects.

Conclusions

Our data seem to indicate that transcallosal pathways have an overall inhibitory function. 
Specifi cally, they appear to dampen neural responses to high-contrast stimuli, thus contributing to 
contrast gain control in human visual cortex. 

Libro_riassunti_c12.indb   243Libro_riassunti_c12.indb   243 14/09/11   14:4814/09/11   14:48



244

SAFETY OF DEEP REPETITIVE TRANSCRANIAL MAGNETIC 
STIMULATION (RTMS) WITH H-COIL IN ALZHEIMER’S DISEASE

E. Coppi1, L. Ferrari1, L. Straffi 1, F. Spagnolo1, R. Chieffo1, S. Velikova1, M. Bianco1, 
D. Dalla Libera1, A. Nuara1, G. Di Maggio1, M. Falautano1, G. Comi1, G. Magnani1, A. Zangen2, 
L. Leocani1

1 Dep.t of Neurology, Clin.Neurophysiology, Neurorehabilitation, INSPE, University-IRCCS 
Hospital S.Raffaele, Milan

2 Department of Neurobiology, The Weizmann Institute of Science, Rehovot, Israel

Objectives

Although converging evidence suggests that neuromodulation with rTMS may be useful as 
additional treatment of Alzheimer’s Disease (AD), the rationale for focal rTMS may be somewhat 
limited by a relatively low extension of the stimulated cortex. The aim of this study is to evaluate 
safety and tolerability of deep rTMS applied with H-Coil in AD.

Material and Methods

This is an ongoing double-blind study controlled versus placebo (sham) on AD patients, 
subdivided in two groups: one that received a treatment with real deep rTMS and another that 
received sham treatment. We planned to recruit a total of 40 patients. Inclusion criteria: Age < 80 
years, diagnosis of AD for at least 1 year, stable AD therapy for at least 5 weeks, Mini Mental State 
Examination (MMSE) < 24/30. Exclusion criteria: contraindications to TMS, other concomitant 
neurological or psychiatric disorders, participation in other clinical trials in the previous 3 months. 
rTMS is applied over the prefrontal and temporal region using 10 Hz trains at intensity 120% of motor 
threshold for 15’. The treatment period lasts two months (3 rTMS sessions/week for the fi rst month 
and 1 rTMS session/week for the second). Patients undergo neurological and neuropsychological 
assessment (MMSE, ADAS-Cog, Beck Depression Inventory-BDI, word recognition task before 
and immediately after rTMS) before treatment and at the end of the fi rst and of the second month.

Results

This is an interim safety analysis on 20 patients (demographic features: 10 males and 10 females, 
mean age 67 + 8 years, disease duration 3.45 years, baseline MMSE 16.6). 2 patients refused to 
start the treatment from the fi rst session for stimulation intolerance. One patient dropped out from 
the study after 8 treatment sessions because of an acute myocardial infarction (unrelated with 
stimulation). Of the other 17 patients none reported side effects from rTMS and the treatment was 
well tolerated.

Conclusion

To date rTMS has been applied in AD patients only in a few studies using a focal coil, with 
improvement of cognitive performance. rTMS with H-Coil aims at stimulating deep or widespread 
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brain regions involved in cognitive functions to enhance neuronal viability and synaptic activity. 
Deep rTMS of temporal and prefrontal areas could increase neuronal activity in these regions. 
Results from this study will provide information about the possibility of providing patients a new 
treatment for a disease that so far poorly benefi ts from available therapies. Our interim analysis 
indicates that rTMS with H-Coil is safe and well tolerated by the patients and that is feasible also in 
patients with Alzheimer’s disease.
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TDCS IN COGNITIVE REHABILITATION

A. Priori

Centro per la Neurostimolazione, Fondazione IRCCS Cà Granda Policlinico, Dipartimento di 
Scienze Neurologiche, Università di Milano

Transcranial direct current stimulation (tDCS) is a non invasive technique for neuromodulation 
gaining increasing diffusion for cognitive an motor rehabilitation. tDCS consists in the delivery 
for minutes of constant direct currents over the scalp through surface scalp electrodes above the 
target cortical areas. Electrodes are connected to a direct current (DC) generator (up to 2mA). tDCS 
induces in the underlying brain areas changes in their metabolism and excitability persisting also 
for minutes after the current offset: in general, excitability increases below the anode and decreases 
below the cathode. Transcutaneous DC stimulation can also induce functional changes in the spinal 
cord and in the cerebellum.

tDCS has been used to test whether the induction of cortical excitability changes in patients 
with focal brain lesion or diffuse degenerative processes can improve their cognitive performances. 
Available data suggest that tDCS can improve – at least in experimental conditions—patients with 
aphasia, with attention and memory disturbances following stroke or degenerative dementias. 
Hence, because the technique is cheap, simple and safe, tDCS is promising as possible adjuvant 
tool to cognitive rehabilitation. There are however several important issues still open: the optimal 
disease phase for tDCS, the best treatment protocol for different conditions, the defi nition of the 
clinical features predicting an optimal response, the tDCS interaction with other treatments, and, 
more importantly, whether the improvement observed on experimental cognitive variables will also 
improve the quality of life of the patients and, ultimately, their clinical status.
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Introduction

Right temporal structures, such as lingual, fusiform and parahippocampal gyri, are known to 
affect face processing and play a critical role in prosopoagnosia. On the other hand, the anterior 
temporal regions seem to play an important role in multimodal recognition of familiar people, with a 
greater role of name on the left side and of face and voice on the right side. Available data show that 
patients with right anterior temporal lobe lesions have a marked and selective loss of familiarity and 
of person-specifi c information for faces and voices, with preserved familiarity for names, whereas 
those with left temporal pole lesions have relatively preserved familiarity judgments for both faces 
and names. Non-invasive brain stimulation techniques, such as repetitive transcranial magnetic 
stimulation (rTMS), can be used to determine a transient disruption of target brain areas in order to 
assess their involvement in specifi c cognitive functions.

Objectives

Aim of present study was to assess the functional role of right and left anterior temporal regions 
in the generation of face and name familiarity feelings.

Methods

In 15 volunteers, rTMS (6 pulses at 10Hz, for a total duration of 500 ms) was used to determine 
a disruption of familiarity feelings generated at the level of the temporal pole during face and 
name recognition tasks. In separate sessions, rTMS was delivered to the right or left temporal pole 
together with the presentation of famous and unknown faces/names on a monitor and the subject had 
to quickly identify the visual stimulus as familiar or unfamiliar.

Results

Familiarity scores for faces and names were not signifi cantly modifi ed by either right or left 
temporal rTMS; however a clear tendency toward a selective increase in reaction time for face 
recognition was found after right but not left temporal stimulation.

Conclusions

Present data support the view of an involvement of right anterior temporal regions in face 
recognition processes. However, further studies are needed to confi rm the observed effects.
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Objective: Introduction

To evaluate the modulation of EEG activity after short-lasting tDCS.

Methods

tDCS was delivered through two electrodes on the scalp (anode over  F3, cathode over Fp2)  
that were also used to record EEG in six healthy volunteers. Each tDCS session lasted 2 minutes 
at intensities progressively increasing by 0.5 mA steps from 0.5mA to 3 mA. The power of  EEG 
rhythms after tDCS was compared to that before tDCS (=100%).

Results

Alpha (8-13 Hz) rhythm increased at the stimulation intensity of 1.5mA, 2mA,  2.5mA  and 
3mA.The gamma rhythm decreased at 1mA, 1.5mA,  2mA,  2.5mA and 3mA.

Conclusion

Short lasting tDCS modulates EEG activity.   
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Background 

During immediate free recall, the probability of a word being recalled correctly is typically 
highly dependent on its serial position during presentation: the fi rst words (primacy effect) and the 
fi nal ones (recency effect) showing the best recall, to the detriment of the middle items, showing 
that the position has an effect on learning The U-shaped serial position curve is one of the most 
well-established recall memory fi ndings (Murdock, 1962; Robinson & Brown, 1926; Ebbinghaus, 
1913; Nipher, 1876).

Objective

To verify in causal manner whether primacy and recency mechanisms share or not the same 
cortical networks.

Method

In 13 healthy subjects, 20 lists of 20 unrelated words (1 word/1 second) were acoustically 
presented via headphones. Lists and words were randomly divided in 4 conditions: Baseline, during 
rTMS of the left dorsolateral prefrontal cortex (DLPFC), during rTMS of the left intraparietal lobe 
(IPL) and during rTMS at the vertex as control. The navigated rTMS train (90% of RMT, 10 Hz, 500 
ms) started 100 ms before the end of the listened word, according to a previous study (Rossi et al. 
2011). Immediate free recall was subsequently tested without rTMS interference.

Results

A double dissociation occurred: rTMS applied to the left DLPFC signifi cantly worsened the 
accuracy for the words presented at the beginning of the list (primacy effect) versus all other 
conditions. rTMS applied of the left IPL signifi cantly worsened the accuracy for the words presented 
at the end of the list (recency effect) versus all other conditions

Conclusion

The left DLPFC plays a role in the Primacy effect, in line with its top-down, supervising function, 
in encoding operations. The left IPL has a causal role for the Recency effect. Interference with rTMS 
helps to defi ne the Primacy/Recency model, by indicating the exact number of words to be included 
in the primacy and recency phases of the U-curve, respectively.
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Objectives

The early and late components of the Contingent Negative Variation (CNV) express the arousal 
and preparative attention preceding a voluntary movement. 

The aim of the study was to evaluate the effects of inhibition of the motor cortex induced by 1 
Hz rTMS on the early and late components of the CNV and on the motor reaction time in normal 
subjects.

Methods

Seven healthy subjects were evaluated. The rTMS was delivered over the hand motor cortex of 
the left hemisphere. We obtained the CNV in the 3 conditions (basal, after magnetic trans-cranial 
stimulation, after sham stimulation). We performed an automatic analysis of the amplitude of the 
early CNV in the time interval 550-750 msec, and of the late CNV in the time interval 2700-3000 
in the 3 conditions.

Results

The amplitude of the early and late CNV appeared to be signifi cantly higher when the left motor 
cortex was inhibited by low frequency TMS modulation, compared to the sham and basal conditions. 
The reaction time appeared to be reduced in the condition of inhibition of the motor cortex, even if 
not signifi cantly.

Discussion

The inhibition of the motor cortex seems to cause an increase in the amplitude of both the early 
and late components of the CNV. This would suggest that in normal subjects, the attention and the 
arousal preceding the voluntary movement are increased by the temporary inhibition of the motor 
cortex.

Conclusions

This experimental model is interesting for the evaluation of the cognitive mechanisms able to 
compensate the reduced function of the motor cortex. 
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Introduction

PD is characterized by various changes in motor excitability. The present study was designed to 
examine through TMS cortical excitability and to specifi cally address inter-hemispheric connections 
in an uniform population of asymmetric PD-patients.

Patients and methods

A group of 14 PD patients with a predominant left hemibody involvement entered the study. 
Mean age was 60.7 y, 7 were females. Nine normal subjects, age and sex matched were the 
control group. Patients and normal controls underwent the evaluation of Motor Threshold (MT) 
and ipsilateral Silent Period (iSP), a negative TMS phenomenon induced by focal suprathreshold 
TMS on the ipsilateral motor cortex, measured as the suppression of voluntary EMG activity. 
Involuntary muscular activation during selective unilateral movements in homologous contralateral 
muscles, known as Mirror Movements (MM) were electromiographically recorded in three upper 
limb muscles in every subjects. Patients underwent clinical evaluation and were studied during two 
conditions: at the baseline (OFF) and after a levodopa load (ON). MT, iSP_entity (% of baseline 
EMG) and MM were compared with a group of 9 controls.

Results

An altered movement lateralization exists in PD-patients, with MM mainly observed in the right 
arm during the voluntary activation of the left, more affected side (inter-side analysis: p=0,03; inter-
group analysis: p=0,05). PD-patients showed a reduction in right-hemisphere-MT, more affected, 
compared both to the contralateral one (p=0,03) and to controls (p<0,001). An increased right-
iSP_entity was also detected in the PD group both versus the contralateral limb (p=0,04) and versus 
controls (p=0,008). No net effects of levodopa were detected on single neurophysiologic parameters. 
Interestingly in PD MMs exhibited by the right side correlate either with the iSP_entity, either with 
the motor involvement of the voluntary activated contralateral side. This is particularly true for 
the parkinsonian subjects exhibiting a milder pathological condition (n=9; p=0,013; Spearmann’s 
coeffi cient=0,782).

Discussion and Conclusions

The defective movement lateralization in PD suggests that the connections between the two 
motor cortices are in some way malfunctioning, and probably linked to the asymmetrical motor 
involvement and to a defective interhemispheric balance. 
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Objective

To evaluate the effects of transcutaneous spinal direct current stimulation (tsDCS) combined 
with transcranial direct current stimulation (tDCS) over the sensory motor cortex on refl ex pathways.

Methods

tsDCS was delivered (2,5 mA, 20 min.) in six healthy subjects. We used three different montages: 
A) anode over thoracic spinal cord and cathode over motor cortex, B) anode over thoracic spinal cord 
and cathode over right shoulder, C) anode over thoracic spinal cord and cathode anterior over the 
abdomen. To investigate the effects of the three different montages we evaluated the modifi cation of 
lower limb fl exion refl ex (LL-RF) and H-refl ex from soleus muscle after tibial nerve stimulation. A 
randomized cross-over design was used to compare the effects of three different sessions.

Results

Montage A reduced the total area LL-RF area by 36% (T-test P = 0,029) and H-refl ex threshold 
by 15% (T-test P = 0,025). Montage B reduced the total area LL-RF area by 11 % but did not induce 
any modifi cation in H-refl ex parameters, and montage C left all the tested fl exion refl ex and H-refl ex 
unchanged. None of our subjects reported adverse effects. 

Discussion

Anodal tsDCS associated to cathodal tDCS elicited greater after-effects than other montages. 
Anodal tsDCS could modulate the excitability of mono-oligosynaptic segmental refl ex and its 
effects can be further amplifi ed by concomitant tDCS.

Conclusion

Anodal tsDCS and cathodal tDCS over the cortex have additive after-effects on refl ex pathways. 
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