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PREHOSPITAL TELEMEDICINE FOR ACUTE STROKE
(TELESTROKE)
Steven R. Levine
State University of New York (SUNY) Health Science Center, USA
Steven.Levine@downstate.edu

Telestroke is typically employed for acute stroke patients in the emergency department who
need to be “seen” by a neurologist or stroke neurologist who is not available “live” on site
for thrombolytic and other treatment decisions. Prehospital telestroke allows patients to been
“seen” by a remote physician to assess stroke severity for triage to endovascular-capable
stroke centers, although, depending on the technology used, it may not be ready for routine
clinical practice. This talk explores various published studies and reviews (including
systematic reviews) from Europe and the United States on the use of pre-hospital telestroke,
its reliability, various approaches, including iTREAT, mobile stroke units, and their influence
on thrombolytic therapy administration and emergency care. The future of prehospital
telestroke may see greater use for patient triage and treatment options.
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PREHOSPITAL TELEMEDICINE FOR ACUTE STROKE (TELESTROKE) – STEVEN R. LEVINE

Prehospital
telemedicine
for acute stroke
(telestroke)

Need to beat……
• Stroke mgmt in clinical practice:
–SITS‐MOST (N=6,853, 285 European
Centers 2002‐2006): Median sx‐onset to
tPA (140 min; 110‐165)
–GWTG‐Stroke Registry (N=58,353, 1,395
US Centers 2003‐2012): Median sx‐onset
to tPA (144 min; 115‐170)
– Typically 1‐1.5% tx’ed < 60 min

Clinical Neurology and Neurophysiology
14th Annual Update Conference Series
February 19, 2018
Tel Aviv, Israel
Steven R. Levine, MD
State University of New York
College of Medicine & Downstate Medical Center
Brooklyn, New York, USA

Fassbender et al. Lancet Neurology 2017;16:227‐237.

The use of telemedicine in the ambulance for more precise
& rapid prehospital/EMS care of acute stroke patients,
including performing an NIHSS analysis dates back to:

“This novel approach may shorten the time to tx
because EMTs can transmit their videotaped
assessment to the ER, providing EM physicians &
neurologists with earlier viewing of stroke patient’s
condition.
Relay of AV patient neurological data, vital signs, &
blood data, many components of the clinical
pathway (except head CT scanning) that lead to rt‐
PA, can be performed in the pre‐hospital setting.
Protocols can also be downloaded from Internet &
used in ambulance & ED. This integrated approach
may lead to highly accurate clinical judgments once
reliability & validity issues are addressed.” >>>>

> La

Monte MP, Xiao Y, Mackenzie CF, Cullen JS, Gagliano
DM. Tele‐BAT: mobile telemedicine for the Brain Attack
Team. Stroke 1988;29:312. Abstract. (2004 paper)
> Gagliano DM. Mobile telemedicine Testbed: health
applications for the National Information Infrastructure.
BDM Federal & University of Maryland at Baltimore.
Available at: http://batcave‐
express.ab.umd.edu/AMIA/info.htm.

>

Liman TG, et al: Telestroke ambulances in
prehospital stroke management: concept & pilot
feasibility study. Stroke 2012;43:2086‐90

• Sato S, Ohta K. New network for emergency
medical services of stroke with CT‐picture
teleradiology system [Japanese]. Nippon
Rinsho. Japanese Journal of Clinical
Medicine 1993;51(suppl):246–250.
• Fassbender K, Walter S, Liu Y, Muehlhauser
F, Ragoschke A, Kuehl S, Mielke O: ‘Mobile
stroke unit' for hyperacute stroke
treatment. Stroke 2003;34:e44.
• Now with prehospital CT!

• In 18/30 (60%) scenarios, NIHSS not performed:

absence/loss of AV signal. In 12 completed scenarios, inter‐
rater agreement of NIHSS between ambulance & hospital &
ambulance & "a posteriori" video was moderate‐good:

weighted κ = 0.69 (95% CI 0.51‐0.87) &
0.79 (95% CI 0.59‐0.98), respectively.
• Prehospital telestroke examination was not at an
acceptable level for clinical use, at least on basis of
this technology. Further technical development is
needed before telestroke is ready for actual
practice.
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Van Hooff RJ, et al: Prehospital unassisted assessment of
stroke severity using telemedicine: a feasibility study.
Stroke 2013: 44:2907‐9.
• Unassisted TeleStroke Scale (UTSS) via telestroke
ambulance & 4th‐generation mobile network.
• Mean exam time for UTSS = 3.1 min (SD 0.4). UTSS
excellent intra‐rater & inter‐rater variability (ρ=0.98 &
0.97; P<0.001), & excellent internal consistency & rater
agreement.
• Adequate concurrent validity derived from strong
correlation between UTSS & NIHSS (ρ=0.90; P<0.001).

Bergrath S, et al: Feasibility of prehospital
teleconsultation in acute stroke‐‐a pilot study in
clinical routine. PLoS One. 2012;7(5):e36796.
• Teleconsultation feasible but technical
performance & reliability have to be improved.
Approach led to better stroke specific information;
however, a superiority over regular EMS was not
found & in‐hospital time intervals were
unacceptably long in both groups. The feasibility
of pre‐hospital telestroke consultation has future
potential to improve emergency care especially
when no highly trained personnel are on‐scene.

• Remote assessment of stroke severity in fast‐
moving ambulances using system dedicated to
pre‐hospital telemedicine, 4G technology, & UTSS
is feasible & reliable.

Yperzeele L, et al. Feasibility of AmbulanCe‐Based Telemedicine
(FACT) study: safety, feasibility & reliability of 3rd generation in‐
ambulance telemedicine. PLoS One 2014;9(10):e110043.

Components for real-time wireless bi-directional AV
conferencing between ambulance & remote expert

• Pre‐hospital teleconsult in 41/43 cases (95%).
• % Success rates: BP communication (79), HR (85), blood 02
sat (81), glycemia (64), & e‐patient identification (84)
• Preliminary pre‐hospital dx in 90%, satisfactory agreement
with final in‐hospital dx. Pre‐notification of in‐hospital team
via SMS in 90%.
• Failures mainly: limited mobile connectivity; a lesser extent
software, hardware, or human error. High user acceptance.
• 3rd Generation ambulance‐based telemedicine is safe,
feasible, & reliable but further research/development, esp.
high speed broadband access, needed before
implementation in daily practice.

Van Hooff RJ, et al. Stroke
2013;44:2907-2909

Wu, T‐C, et al. Prehospital utility of rapid stroke
evaluation using in‐ambulance telemedicine: a pilot
feasibility study. Stroke 2014;45:2342‐7.
• Vascular neurologists’ remote assessments in real time;
clinical data & NIHSS using In‐Touch RP‐Xpress device.
• In 34/40 (85%) scenarios with actors, tele‐consultation
conducted w/o major technical complication. Absolute
agreement for intra‐class correlation = 0.997 for NIHSS in
real‐time & 0.993 for recorded.
• Inter‐rater agreement (κ‐statistics) for live‐raters: 10/15
NIHSS items = excellent & 5/15 = moderate. Matching of
real‐time assessments occurred for 88% (30/34) of NIHSS
scores by ±2 points, & 96% of clinical information.

Remote vascular neurologist performing stroke evaluation

A: Remote vascular neurologist performing stroke evaluation.
B: RP‐Xpress mounted on stretcher in ambulance.
C: Remote assessment in ambulance with EMS assistance.
D: Remote assessment on scene in patient home with EMS.

• Mobile telemedicine is reliable & feasible in
assessing simulated stroke pre‐hospital.

Wu TC, et al. Stroke 2014;45:2342-2347
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Sample case scenario

Nam HS, et al: Development of Smartphone Application That Aids
Stroke Screening and Identifying Nearby Acute Stroke Care Hospitals.
Yonsei Med J http://www.eymj.org 2014;55. (South Korea)

Time Metrics
Mean time from stroke
alert to VN logon:
2 min 55 s
Mean total tele‐
consultation time:
9 min 46 s
Mean total ambulance
transport time:
9 min 16 s
Mean total scenario
time:
21 min 18 s

Wu TC, et al. Stroke 2014;45:2342-2347

Southerland AM, et al. Low‐Cost Mobile Telestroke System Reliable
for Pre‐Hospital Assessment. Neurology 2015.

iTREAT: Chapman Smith et al. Neurology 2016; 87: 19–26.
• Med students posed as patients/EMS – 6 scenarios: EMS
techs trigger pre‐hospital stroke alert. Each scenario x 4 &
tested 6 major ambulance routes to UVA Med Center.
NIHSS via iTREAT & compared with traditional face‐to‐face.
• NIHSSS correlated very well with face‐to‐face: no
significant differences between low‐cost telemedicine &
face‐to‐face – intra‐class correlation = 0.98.
• AV quality “good”/“excellent” for all telemedicine
evaluations. Quality  over study period. No major
technical limitations & able to maintain steady AV quality.
• Phase 2 trial of feasibility & working with EMS councils
triaging to UVA. Refining the platform for better AV quality
& consistency.

• All low‐cost equipment (Apple iPad/retina display/high‐speed

modem/HIPAA‐comp./secure videoconf. application) ‐ only ~ 3.2 lbs.
• Altogether, off‐the‐shelf system costs ~ $2,000, while, in contrast,
mobile telemedicine systems manufactured by commercial vendors can
cost around ~$10K.
• With efficacy of IV t‐PA + mechanical thrombectomy for AIS, there’s a
need to rapidly triage appropriate stroke pts to centers that can offer
endovascular tx.

Rural locations of the telestroke assessments
Eadie L, et al. Stroke. 2015;46:e38-e40
• UK: 12 volunteers as “patients” or EMS with
script
• 4 expert assessors
• Live AV streams (red dots)
• 2G & 3G cellular networks
• Vehicle in motion/parked
• 19 mobile & 4 stationary
telestroke assessments
• Time to determine tPA candidacy

iTREAT ambulance setup with cradled iPad & suction mounting
The neurologist is communicating directly with a simulated patient to perform the
NIHSS while a local EMS provider assists as tele‐presenter. iTREAT = Improving
Treatment with Rapid Evaluation of Acute Stroke via Mobile Telemedicine
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Scottish Highlands

Times to dx assessment

Mobile (n=19)

Stationary (n=4)

ALL

11.1 ± 8.7 (1‐31)

9.8 ± 4.9 (4‐16)

Thrombolysable scripts

15.0 ± 9.7 (8‐31)

12.5 ± 4.9 (9‐16)

Non‐thrombolysable scripts

8.7 ± 7.5 (1‐27)

7.0 ± 4.2 (4‐10)

Belt et al: In-Transit Telemedicine Speeds Ischemic Stroke
Treatment: Preliminary Results. Stroke 2016;47:2413-5.

Barrett et al: Ambulance-based assessment of NIH
Stroke Scale with telemedicine: A feasibility pilot
study. J Telemed Telecare 2017;23:476-483.
• Hypothesized that ambulance-based assessment of
the NIHSS using a mobile platform immediately prior
to arrival is feasible.
• Proof-of-concept feasibility pilot study in 2 phases. 1st
phase: video platform for remote NIHSS assessment
of a simulated stroke pt. 2nd phase: remote NIHSS
assessment by a hospital-based neurologist of acute
stroke pts en route.
• 5 ambulances equipped with a 4G/LTE-enabled tablet
preloaded with secure telemedicine application.
• 2o outcomes: satisfaction of staff with remote
platform.

• Compared efficacy & cost of teleneurology evaluation during pt
transport with that of MSUs in NJ, USA.
• Cellular‐connected telemed devices, assessed presumptive stroke pts
in ambulances in transit. Paramedics assisted remote teleneurologists
in a simplified hx & exam, then coordinating care with receiving ED.
• Prospectively assessed door‐to‐needle and last‐known‐well‐to‐needle
times for all IV tPA‐tx’ed stroke pts brought to ED by EMS, comparing
those with & without in‐transit telestroke.
• Jan 15 ‐ Mar 16: 111 stroke pts received IV tPA at study EDs. Mean
DTN = 13 min  with in‐transit telestroke (28 v. 41; P=0.02). Although
limitations in cellular communication  transmission quality, this did
not prevent completion of satisfactory pt evals.
•  time to tx seems comparable with in‐transit telestroke & MSUs. The
low cost/unit makes this approach scalable, potentially providing rapid
management of more pts.

Wu, et al: Telemedicine can replace the neurologist
on a mobile stroke unit. Stroke 2017;48:493‐6.

Barrett et al: Ambulance-based assessment of NIH
Stroke Scale with telemedicine: A feasibility pilot
study. J Telemed Telecare 2017;23:476-483.

• BEST‐MSU study – comparative effectiveness trial
• On scene – telemedicine & onboard vascular
neurologist independently evaluated pt,
documenting tPA tx decision, NIHSS, & CT (N=174)
• 2% telemedicine failure to make a decision from
technical problems
• Telemed & onboard vasc neuro agreed 88%
(κ=0.73)
• Remote telemed vasc neuro reliable & accurate

• Phase 1 successful in assessment of 3/3 simulated pts.
• Phase 2 successful in assessment of 10/11 (91%) cases. One
video attempt unsuccessful because local LTE turned off on
the device. Video signal was dropped transiently due to
weather, which delayed NIHSS assessment in 1 case.
• Average NIHSS assessment time = 7.6 min (range 3-9.8).
Neurologists rated 83% of encounters as 'satisfied' to 'very
satisfied', & EMS rated 90% of encounters as 'satisfied' to 'very
satisfied'. The one failed video attempt associated with 'poor'
EMS satisfaction.
• Remote ambulance-based NIHSS assessment is feasible. This
model could  door-to-needle times by conducting prehospital
data collection.

Tele‐Stroke: Prehospital Identification of Patients With Suspected
Stroke Using Onsite Mobile Telemedicine ‐ Feasibility (Tele‐Stroke)

Rogers et al: A Systematic Review of the Implementation
Challenges of Telemedicine Systems in Ambulances.
Telemed J E Health. 2017 Mar 15.

• Sponsor: University Hospital, Basel, Switzerland (Philippe Lyrer)
NCT03370094
• Intervention/Diagnostic Test: Audio‐video‐streaming of
suspected stroke sx & signs
• Observational: Diagnosis based on the patient evaluation by end‐
to‐end encrypted real‐time video compared to gold standard,
consisting of an in‐person neuro exam by a stroke specialist in
patients with suspected acute stroke.
• Primary Outcome Measures: Diagnostic accuracy of patient
evaluation by remote audio/video session [Time Frame: 1 hour]
& The proportion of successfully realized telestroke interviews
(=patient has a stroke yes/no) in comparison to final diagnosis by
the caring stroke team.
• Estimated Enrollment: 120 participants
• Observational Model: Cohort
• Study Start Date: Aug 23, 2017 / Estimated Study Completion
Date: Dec 2018

• Telemed feasible & effective in  tx times, a high diagnosis
accuracy rate,  rates of positive task completion than in
regular ambulances, & demonstrate stroke evaluation is
completed with comparable accuracy to standard care.
• Life‐saving benefits of telemed, & paucity of scientifically
sound research in implementation  further studies.
Need to analyze capabilities/challenges in implementation,
esp. studies on human‐system integration & human
factors' considerations, development of advanced Internet
connectivity paradigms, new applications for triaging, &
the implications of ambulance location.
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DEFUSE 3 – Extending the window

Lin et al: Expert Rev Cardiovasc Ther 2015;13:1001‐15.

The future…..
• To regulate & standardize practice, more research
is required – emphasizing better study design &
larger sample size to  reliability of results &
conclusions.
• Most studies focused on ambulance‐mounted
equipment. Wearable technology (head‐mounted
displays) could allow paramedics to improve early
pre‐hospital dx & should be investigated.
• To further response times, consider adding
smartphone technology into EMS & thus facilitate
patient or bystander incident reporting.

The future…..
• Prehospital Triage: Stroke severity
– To Primary Stroke Center
– To Comprehensive Stroke Center
• Technological advances will continue to outpace
their utilization in practice; incorporating
emerging technologies into practice holds
promise in improving care & enhancing clinical
outcomes
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STROKE AND ANTIPHOSPHOLIPID ANTIBODIES:
WHERE ARE WE NOW?
Steven R. Levine
State University of New York (SUNY) Health Science Center, USA
Steven.Levine@downstate.edu

Autoimmune, inflammatory, and infections mechanisms have been linked to ischemic
stroke. Antiphospholipid antibodies (aPL) are a comonoly identified biomarker of associated
with ischemic stroke, both arterial and venous thrombo-occlusive events, and increased
immunological activity. Clinical and laboratory research diagnostic criteria have been
proposed and will be reviewed. Management has generally been guided by expert opinion
rather than by clinical trials and management of venous events may differ than for arterial
events, including stroke. Evidenced-based treatment guidelines will be reviewed as well
systematically-analyzed recurrent event rates. Future studies include clinical trials to
determine optimal thrombo-occlusive event prevention after a first arterial and venous
event.
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Stroke and antiphospholipid antibodies:
Where are we now?
Clinical Neurology and Neurophysiology
14th Annual Update Conference Series
February 19, 2018
Tel Aviv, Israel
Steven R. Levine, MD
State University of New York
College of Medicine & Downstate Medical Center
Brooklyn, New York, USA

Background

History

• Autoimmune, inflammatory, & infectious
mechanisms have been linked to ischemic
stroke & thrombosis.
• Despite this link, there are a lack of sensitive
& specific serum biomarkers for predicting
recurrent stroke & vascular events following
an initial cerebral ischemic event associated
with these mechanisms.
• Antiphospholipid antibodies (aPL) are the
most commonly identified biomarkers
associated with ischemic stroke & increased
immunological activity.

Early 20th Century:
• 1906 Wasserman recognized
antibodies in blood of syphilitics that
could be detected by complement
fixation
• 1940: Pangborn identified the antigen
bound by these antibodies: cardiolipin
• 1946: Aggeler et al: thrombosis +
coagulopathy (prolonged clotting
times)

History…

History…

• 1952: Conley & Hartmann:
anticoagulant in blood of 2 SLE
patients: LA
• Mohr & Moore: SLE patients with
antibodies of syphilis w/o syphilis,
often associated with LA
• 1964: Walter Bowie: SLE + LA =
thrombosis & fetal loss

• Late 1970’s-early 1980’s: LA &
F+VDRL associated with recurrent
arterial/venous
thrombosis/miscarriages
• 1983: Harris et al: more sensitive &
quantitative test to detect antibodies
responsible for LA+: RIA aCL
• aCL cross-reacts with –PL = aPL
• Mid-late 1980’s: APASS
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History…

Neurological Syndromes With aPL
Cerebrovascular disease
– Stroke
– TIA
– Sneddon’s Syndrome
– CVT
– Ocular ischemic
– Amaurosis fugax
– Retinal venous occlusion
– Retinal arterial occlusion
Vascular dementia
– Acute ischemic encephalopathy
– Subacut ischemic encephalopathy
Migrainous - like events
– TGA

• Early 1990’s: Family of autoantibodies
that bind blood proteins such as 2GPI
& pro-thrombin
• Branch, Schoenfeld: injected aCL into
pregnant mice  fetal loss/resorption
• Mid 1990’s: Pierangeli & Harris: clot
models with aPL enhancing clot
formation
• Late 1990’s: Criteria for APS diagnosis

Lupus Anticoagulants
• Antibodies that block PL surfaces important for
coagulation & reduce the coagulant potential of
plasma & ↑ clotting time in coagulation tests based
on aPTT
• Failure of prolonged clotting time to correct after a
1:1 mix with normal platelet-free plasma & correction
of clotting time after addition of excess PLs confirms
presence of LA
• Consensus guidelines recommend screening for LA
with 2 or more PL-dependent coagulation tests,
including the aPTT, dRVVT, KCT, dPT time
• Anticoagulant therapy may interfere with the
detection of LA

aPL & Focal Cerebral Ischemia
•
•
•
•
•
•

1st associated in SLE
Mostly women
Other stroke risk factors
Non-lacunar infarcts
Frequent TIAs
Recurrent thrombotic events
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Anticardiolipin Antibodies

LA & aCL: ? Cousins

• Share a common in vitro binding affinity for
cardiolipin & can be detected using ELISAs. The
immunoglobulin isotype may be IgG, IgM, or IgA.
• Widely believed that the IgG isotype is most strongly
associated with thrombosis, although this has not
been seen in all large prospective studies.
• ELISA tests for aCL are poorly standardized & aCL
testing has shown poor concordance between
laboratories.
• aCL reported as a titer specific to the isotype (IgG,
IgM, or IgA PL units), but because the accuracy &
reliability of assays are limited, consensus guidelines
recommend semi-quantitative reporting of results:
low, medium, or high titer.

• LA: Inhibits PL-dependent coags but
generally does not bind -PL in assays
- More specific, less sensitive
• aCL (affinity purified): binds –PL but
generally does not express
anticoagulant activity in vitro
- More sensitive, less specific
• Different Ig classes

Antiphospholipid Antibodies

Exner, et al

• aPL associated with thrombo-occlusive
events (TOE)
• Antiphospholipid syndrome:
– Clinical criteria
• Venous or arterial TOE affecting any organ
• Pregnancy morbidity

– Laboratory criteria
• Anticardiolipin (aCL) IgG or IgM (> 99th percentile)
• OR Lupus anticoagulant (LA) detected in the blood
• OR anti-β2 glycoprotein I (β2GPI) IgG or IgM (> 99th
percentile) on 2 occasions separated by ≥ 12 weeks
Miyakis S et al, J Thromb Haemostasis 2006, 295-306

Epidemiological Evidence that aPL Have
a Role Specifically in Ischemic Stroke

Summary of Prospective Studies

• Case-control studies of aPL-associated stroke in
young people have been uniformly positive as have
most studies of unselected stroke populations.
• Some but not all case-control studies among older
adults have generally found aPL to be associated
with ischemic stroke.
• Cerebrovascular disease is one of the most
common presenting symptoms of APS, second only
to DVT, accounting for half of neurological
manifestations in patients with APS
• in-situ thrombosis, accelerated atherogenesis &
cardioembolism are the most likely mechanisms
implicated.

Study
PHS
HHS
HHS
HHS
HHS
FCOS
FCOS

Year aPL
Outcome
1992 aCL
DVT, PE
2001 β2-GPI-aCL stroke
2001 β2-GPI-aCL stroke
2001 β2-GPI-aCL MI
2001 β2-GPI-aCL MI
2004 aCL
stroke, TIA
2004 aCL
stroke, TIA

OR/HR
OR 5.3
OR 2.2
OR 1.5
OR 1.8
OR 1.5
HR 2.6
HR 1.3

95% CI
1.6,18.3
1.5,3.4
1.0,2.3
1.2,2.6
1.1,2.1
1.3,5.4
0.7,2.4

Follow-up
5 yrs ♂
15 yrs ♂
20 yrs ♂
15 yrs ♂
20 yrs ♂
11 yrs ♀
11 yrs ♂

All these studies only investigated aCL & only at
baseline. Missing pieces of investigation include
assaying plasma for the LA, assaying the newer aPL
assays, assaying aPL over time to determine the
persistence & significance of aPL+, & studying women
(except for FCOS).
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Kaplan-Meier Curves for Probability of
a TOE Based on Type of aPL Positivity

WARSS‐APASS: Persistently positive β2GPI &
decreased time to TOE
N = 648
N = 39

Persistently positive 2‐GPI titers decrease the
time to TOE
(adjusted HR=2.86, 95% CI 1.21 ‐ 6.76, p=0.02)

APASS: JAMA 2004;291:576-584

days

Amory CF, et al. Cerebrovasc Dis 2015;40:293-300.
(Included Josh posthumously)

Systematic Review of Recurrent Thrombo‐
occlusive Events with aPL ‐ submitted

PRISMA flow diagram for patients with APS & an
initial stroke/other arterial thromboembolic event

Recurrence of Arterial Thrombo‐occlusive events (Primarily Ischemic Stroke)
Over 2 Years

Recurrence of Arterial Thrombo‐occlusive events (Primarily Ischemic Stroke)
Over 2 Years

8.3% /year

No Anticoagulation including TIAs
vs. Anticoagulation including TIAs

10.8% /year

No Anticoagulation excluding TIAs
vs. Anticoagulation excluding TIAs

7.8% /year

6.9% /year

Variance‐weighted averages
Variance‐weighted averages
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Risk of recurrent thromboembolic events in
patients with APS & an initial venous
thromboembolic event:
On no anticoagulation, with or without
antiplatelet therapy

PRISMA flow diagram for patients with APS &
an initial venous thromboembolic event

15.7%/year

Risk of recurrent thromboembolic events in
patients with APS & an initial venous
thromboembolic event:
On anticoagulant therapy

Antiphospholipid Antibodies, Brain Infarcts, &
Cognitive & Motor Decline In Aging (ABICMA):
Final Cerebral Infarct Results from a
Community-Based, Longitudinal, ClinicalPathological Study

4.5%/year

Steven R. Levine
Zoe Arvanitakis
Robin L. Brey
Jacob H. Rand
Julie A. Schneider
Lei Yu
Sue E. Leurgans
David A. Bennett

NHLBI R01 HL096944
NIA R01 AG040039

Relation of overall aPL positivity at
baseline to brain infarcts

Overarching Hypothesis: aPL are
associated with an increased risk of
pathological brain infarcts & related to
cognitive & motor decline in aging
Primary Specific Aim: To determine if aPL
positivity is an independent risk factor for the
development of ischemic brain infarctions in a
community-based cohort of older individuals
who come to brain autopsy

Infarct outcome

Odds ratio (95% CI)

Presence of any
brain infarcts

1.08 (0.74, 1.58)

Gross infarcts
Microinfarcts

1.29 (0.88, 1.91)
0.93 (0.61, 1.41)

Cortical infarcts
Subcortical
infarcts

0.88 (0.57, 1.35)
1.11 (0.74, 1.64)

All models adjusted for age & sex
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Relation of aPL positivity to brain infarcts, in
subjects with at least 2 measures over time
Infarct outcome

aPL persistently +

Number of
cases

463

463

Presence of
any brain
infarcts

0.96 (0.64, 1.43)

0.89 (0.57, 1.40)

1.12 (0.74, 1.70)

0.94 (0.58, 1.51)

1.11 (0.72, 1.71)

1.02 (0.62, 1.67)

Microinfarcts

• First prospective cohort to study the relation
of aPLs to pathologically proven brain infarcts.
• Findings consistent across different
characteristics of infarcts (gross, microscopic,
cortical & subcortical) & of aPLs (number,
timing of measure, persistence over time)
• Discrepant results from young‐middle age
subjects – clinical stroke & brain infarct may
not be equivalent outcomes
• Pathogenicity may differ with age

Odds ratio (95% CI)
aPL+ proximate to
death

Gross
infarcts

Discussion

All models adjusted for age & sex

Ongoing/Future

Implications

• Approach mechanistic markers of aPL:
‐ Annexin 5 resistance
‐ Anti‐annexin antibodies
• aPL & cognitive & motor decline in the elderly
‐ Biomarkers (CPR, MMP9)
‐ Effects on white matter
• ADAPS (Anticoagulation Discontinuation in APS):
Tom Ortel, Duke U, PI: Phase 3 RCT
‐ Single arterial or venous thrombocclusive
event without recurrence on ≥ 6 months of
anticoagulation

• Taken as a whole, our data suggest that,
without a specific indication, aPL need not
be tested for in the clinical setting of
“unexplained” stroke in older persons
• We were underpowered to detect a small
increased risk from aPL
• aPL relatively common in elderly individuals
• Most patients had low levels of aPL
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NEUROCRITICAL CARE
Roni Eichel
Shaare Zedek Medical Center, Israel
eichel@szmc.org.il

The majority of neurologists work in district general or teaching hospitals with large general
intensive care units (ICUs). In this setting, ICUs require an increasing input from
neurologists, especially with regard to the assessment of hypoxic brain damage and the
neurological complications of organ failure, critical illness, and sepsis. In contrast, dedicated
neurological intensive care units (NICUs) tend to deal largely with a different population of
patients. Such units are primarily concerned with the management of primary
encephalopathic patients, the control of raised intracranial pressure (ICP), the management
of ventilatory, autonomic, and bulbar insufficiency, and the consequences of profound
neuromuscular weakness. This role encompasses the treatment of mechanical ventilatory
failure, specific treatments (both medical and surgical) and general medical complications of
these disorders.
In general, NICU patients with primary neurological diseases such as myasthenia gravis,
Guillain-Barré syndrome, central nervous system infections, status epilepticus, and stroke
have a better outcome than those patients with secondary neurological disease seen on
general ICUs. But management of those patients it is essential to understand the
pathphysiology of their specific disease and conditions these patients are in need of critical
care and how there are managed. This presentation will give an overview of the
neurocriticare of various neurological conditions with some emphasize on critical care
conditions in stroke patients.
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TICK BORNE ENCEPHALITIS
Pille Taba
University of Tartu, Estonia
Pille.Taba@kliinikum.ee
Tick borne encephalitis (TBE) is a human viral infection of the central nervous system (CNS),
caused by the tick-borne encephalitis virus (TBEV) transmitted by infected ticks or rarely, by
unpasteurized dairy products. TBE occurs across large regions in Europe and Asia, with an
increasing health burden due to broadening of endemic areas and prolongation of a tick
activity season. Increasing epidemiology of is attributed to weather and climate changes
affecting pathogen transmission, outdoor leisure time activities and occupational exposure,
travel and migration of populations. With increasing travel from non-endemic to endemic
areas, TBE has become an international problem.
Infection with TBEV is often asymptomatic but can cause serious CNS inflammation, with
clinical manifestations of meningitis, meningopencephalitis, or myelitis. There is no effective
antiviral treatment for TBE but patients need symptomatic treatment, including emergency
management and intensive care interventions in severe cases. Clinical manifestations of TBE
may be variable, and result in long term neurological sequelae. However, the disease may be
effectively prevented by immunization. Morbidity of TBE could be reduced by improving
awareness about TBEV infection, vaccination campaigns in endemic areas, and
recommendations for travellers. The European Centre for Disease Prevention and Control
included TBE into the list of notifiable diseases in the European Union.
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TICK-BORNE ENCEPHALITIS – PILLE TABA
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UPDATE ON PML
Allen Aksamit
Mayo Clinic, USA
aksamit@mayo.edu

Progressive Multifocal Leukoencephalopathy (PML) is a focal viral CNS demyelination
syndrome. Presentation is usually subacute, days to weeks in evolution. It presents as a focal
or multifocal syndrome affecting cerebral hemispheres more often than the cerebellum. It is
an opportunistic infection of brain oligodendrocytes by JC virus. Patient survival depends on
the cause for underlying immunosuppression. The historical reported survival overall is
20%. Incidence in AIDS is 1-4% and survival is >50% at 9 months in the ART era of
treatment. Transplantation survival is 44% at 12 months. Survival of natalizumab associated
PML is 71% at 6.8 months. PCR for JC virus in CSF is specific for pathologically significant
PML with 70-75% sensitivity. A negative result does not exclude the diagnosis. Other
immune disorders associated with PML are lymphoreticular malignancy, connective tissue
diseases, immunosuppressive therapy, organ transplantation, or sarcoidosis. Natalizumab
has been the most common multiple sclerosis treatment associated with PML though several
others have been reported. Management of PML has routinely used plasma exchange (PLEX)
to hasten clearance of natalizumab. Exacerbation of symptoms and enlargement of lesions
with enhancement on MRI can occur indicative of immune reconstitution inflammatory
syndrome (IRIS). No effective treatment exists for PML beyond removing the cause for
immunosuppression, but recently pembrolizumab (a PD-1 inhibitor) has been used
anecdotally as a treatment.
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UPDATE ON PML – ALLEN AKSAMIT

Case 4 Progressive
Hemiparesis

Update on PML

54 y.o. dx’d MS by MRI after diplopia in 2006
Tx’d natalizumab for multiple sclerosis 2007.
7/2010 weakness of the left hand progressed to
complete left-sided hemiplegia by end 8/2010.
CSF glucose 71, protein 48, no WBC’s, 1 RBC
PCR positive for JC virus
Dx: Progressive Multifocal
Leukoencephalopathy
Received three plasma exchanges

Allen Aksamit MD
Department of Neurology
Mayo Clinic, Rochester MN

19 Feb 2018
Tel Aviv, Israel
Update Conference on Clinical
Neurology & Neurophysiology

Frequency (%) of clinical signs in AIDS
patients with PML

Progressive Multifocal Leukoencephalopathy
(PML) Clinical
Focal viral CNS demyelination syndrome
Presentation

JNV 1998; 4:59 and CID 2003; 36:1047
review Chen S Tan, Igor J Koralnik Lancet Neurol 2010; 9:
425–37

Paresis or paralysis
Gait abnormalities
Dysarthria
Aphasia
Cognitive do.
Visual impairment
Seizures

– Subacute – days to weeks in evolution
– Focal vs. multifocal affecting cerebral
hemispheres > cerebellum > remaining brainstem

Not in the optic nerves or spinal cord
Opportunistic infection of brain
oligodendrocytes by JC virus
Survival depends on underlying
immunosuppression

54
28
24
19
28
17
9

69
64
46 ‘speech do.’
unk
20
12

Cognitive disturbance, memory complaints, behavioral disorder, visual field defects,
Language disturbance, focal cortical sensory loss (Proprioception loss, astereognosis),
Limb cortical monoparesis, limb apraxia, unilateral ataxia

PML – PCR for JC virus
in CSF

Progressive Multifocal
Leukoencephalopathy (PML)

Specific for pathologically significant
PML
70-75% sensitivity
False negatives most likely occur
because of low abundance
False positive rate <2 %
JCV DNA can be quantified in CSF
A negative result does not exclude the
diagnosis

Spinal fluid is typically normal.
Pleocytosis is <20 cells per microliter.
CSF protein usually <100 mg/dL.
Culturing for JC virus, is unrevealing.
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PML Clinical

PML Clinical

MRI Imaging

MRI Imaging

FLAIR

MRI imaging is most sensitive
Subcortical
Non-enhancing
“Always” abnormal
Regional expression
– Frontal = occipital
– Unifocal > multifocal
– Cerebral > brainstem

FLAIR

T2 weighted
(Aksamit, J Neurovirology
2001; 7:386-90)

T1 Gad enhanced

PML Clinical

PML Pathology

MRI Imaging

Cells (oligodendrocytes) at the gray-white
matter junction are the most common site
for initiation of infection
FLAIR

Subcortical pathology

LFB stained subcortical lesion

PML Results 84 Patients

PML Clinical

Y Hanada, A Aksamit AAN April 29, 2014

MRI Localization

MRI Imaging

Parietal lobe(s) 62.8 %

Frontal
lobe(s)
71.8 %
FLAIR

Occipital lobe(s)
37.2 %

T1 Gad enhanced

Temporal lobe(s)
39.7 %
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Posterior Fossa 59.0 %

Progressive Multifocal Leukoencephalopathy
Oligodendrocyte Involvement

PML MRI Imaging - Punctate Pattern

Myelin stain (LFB)- area of demyelination

In situ hybridization for JC virus- area of demyelination

Aksamit AJ. PML : a review of the pathology and pathogenesis.
Microscopy Research and Technique 1995; 32:302-11

LFB WM
FLAIR
Hodel J, et al. Punctate pattern: a promising imaging marker for the
diagnosis of natalizumab-associated PML. Neurology 2016;86:1516–
1523.
H & E stain – enlarged
oligodendrocyte nuclei

PML Spectrum of Cell
Pathology in the Brain

GFAP

Electron microscopy- nucleus
packed with JC virus

PML Spectrum of Cell
Pathology in the Brain
Granule cell layer of the cerebellum

Bizarre astrocytes are infected with JC virus

H&E

In situ hybridization for JC virusoligodendrocyte staining

JCV in situ

Aksamit AJ. PML : a review of the pathology and pathogenesis.
Microscopy Research and Technique 1995; 32:302-11

JC virus in situ hybridization

H&E

Aksamit AJ. Cerebellar granule cell layer infection in PML (Abstract P21-7). Brain Pathology 1994;4:478

PML Immune reconstitution
inflammatory syndrome (IRIS)

Immune Reconstitution
Inflammatory Syndrome (IRIS)

Dermatomyositis and PML

Restoration of immune system by removal of
the immunosuppressive drug
Clinical symptoms consistent with an
inflammatory syndrome
Clinical deterioration unexpected
Occurs with opportunistic infection, ex: PML
Treatment with corticosteroids

Biopsy

– 5 days IV methylprednisolone 1 gram +/- oral
taper of prednisone
Autopsy
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JCV in situ hybridization

Pathogenesis of JC Virus

Classification of JC Virus

Lymphoid
tissue
JCV

Childhood &
adolescence

• Polyomaviruses

Kidney

Polyoma virus (murine)
SV 40 (simian)
BK virus (human)
JC virus (human)
Merkel cell virus (human)
KI virus (human)
WU virus (human)

Lymphocytes
Spleen
Oligodendrocyte
Brain

Demyelination

Oligodendrocyte
death

Immunosuppression
(T-cell and/or
B-cell defect)

Fibrillary
astrocyte

Other
lymphoid
tissue

Bone
marrow
Bizarre
astrocyte

Progressive Multifocal Leukoencephalopathy (PML)
Reported survival

History of Progressive Multifocal
Leukoencephalopathy (PML)
1958
1959
1964
1971
1973
1974
1982
1984
1985
1988
1992
1992
1994
2003

First neuropathologic description as a multifocal demyelinating disease (EP
Richardson)
Further support for a viral etiology by association with immunosuppressive illness and
nuclear inclusions in oligodendrocytes pathologically
Electron micrographs revealed polyomavirus-like particles in inclusions of
oligodendrocytes (G ZuRhein)
New human polyomavirus recovered from PML brain cultured with human fetal glial
cells (B Padgett, D Walker, G ZuRhein, designated JC virus)
Serologic data show antibodies to JC virus in much of the population
First reported case of glioma in a human PML patient
First reported case of PML associated with AIDS
Complete nucleotide sequence of JC virus is published (R Frisque)
Nonradioactive in situ hybridization proves oligodendrocytes and bizarre astrocytes in
the brain of PML patients are infected with JC virus (A Aksamit)
B cells are reported to contain JC virus in PML patients
JC virus is detected in lymphocytes of PML and HIV seropositive patients by PCR
JC virus is reported present in normal human brain by PCR
JC virus detection in CSF by PCR is proven useful as a marker of PML
JCV productive infection in granule cell neurons of cerebellum (I Koralnik)

Overall: 20% - 9 mo (Brooks & Walker, Neurol Clin 1984;2:303)
100
90
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0
0

2

4

8

12

18

23

36

48

PML survival (months)

AIDS: >50% - 9 mo. (Clifford et al., Neurology 1999;52:623) ART
era
Transplant: 44.3% - 12 mo. (Mateen, Aksamit, et al., Ann Neurol
2011;70:305)

Natalizumab: 71% - mean f/u 6.8 mo. (Vermersch et al.,
Neurology 2011;76:1697)

Death by PML: PML Non-survivors

Figure 1. Overall patient survival from study entry

Y Hanada, A Aksamit
AAN April 29, 2014

Clifford, D. B. et al. Neurology 1999;52:623
HAART improves prognosis in HIV-associated progressive multifocal leukoencephalopathy
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PML Clinical

PML Clinical

Non-AIDS associated diseases Mayo Clinic
(n=58) The Neurologist 2006; 12:293-8

AIDS Associated

– Lymphoreticular malignancy
(55%)
Chronic lymphocytic leukemia
(24%)
Hodgkin’s disease (8%)
Non-Hodgkins lymphoma (19%)

1-4% incidence in AIDS
Can be the presenting
manifestation of AIDS
Most commonly occurs with low
CD4 counts (<100)

– Connective tissue diseases (15%)
Rheumatoid arthritis (5%)
Systemic lupus (7%)
Dermatomyositis (2%)
Vasculitis on MTX and CP (2%)

– Immunosuppressive therapy
Prednisone, methotrexate (MTX),
cyclophosphamide (CP),
cyclosporine

– Organ transplantation (7%)
Renal transplantation
Liver transplantation
Heart transplantation

– Granulomatous disease (9%)
Sarcoidosis

– Other (7%)
Cirrhosis
Pulmonary fibrosis
DM, pulmonary
histoplasmosis, and
prednisone

– “Aged” none (7%)
66, 76, 80, 80 yo

PML in Natalizumab MS patients

PML Clinical

Risk of Natalizumab-Associated Progressive Multifocal
Leukoencephalopathy - N Engl J Med 2012;366:1870-80.

Associated Immunomodulatory Therapy

Mycophenolate mofetil (CellCept)- B- and T-cells –
transplant, other autoimmune disorders

– positive anti–JC virus antibodies
– prior use of immunosuppressants (e.g.,
mitoxantrone, azathioprine, methotrexate,
cyclophosphamide, mycophenolate mofetil)
– long duration of natalizumab treatment ,
especially beyond 2 years

– 17 reported patients (June 2008)
http://www.gene.com/gene/products/information/cellcept/
reviewed in Berger and Houff, Ann Neurol 2009;65:367-377

Rituximab (Rituxan) – anti-CD20 Ab - B-cell
disorders (CLL, lymphoma), RA, (SLE)
– 23 patients, December 2006

Therapy with natalizumab is associated with high JCV
seroconversion. Schwab et al. Neurol Neuroimmunol
Neuroinflamm 2016; 3:e195

– http://www.gene.com/gene/products/information/pdf/rituxan_DHCP_Letter.pdf
– http://www.gene.com/gene/products/information/pdf/rituxan_dhcp_letter_0908.pdf

– 57 patients from the Research on Adverse Drug Events
and Reports project (Blood 2009; 113:4834-40)

– Treatment with natalizumab was associated with
a 15.9% increase in JCV patients in 14.8 months

PML in Natalizumab MS patients

PML in Natalizumab MS patients

Natalizumab-associated progressive multifocal
leukoencephalopathy in patients with multiple
sclerosis: lessons from 28 cases DB Clifford, A DeLuca,
DM Simpson, G Arendt, G Giovannoni, A Nath Lancet
Neurol April 2010; 9: 438–46
– Management of PML has routinely used plasma exchange (PLEX)
or immunoabsorption to hasten clearance of natalizumab and
shorten the period in which natalizumab remains active (usually
several months).
– Exacerbation of symptoms and enlargement of lesions on MRI
have occurred within a few days to a few weeks after PLEX,
indicative of immune reconstitution inflammatory syndrome (IRIS).
– This syndrome seems to be more common and more severe in
patients with natalizumab-associated PML than it is in patients with
HIV-associated PML.

https://medinfo.biogenidec.com
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JCV Serology – Attempts at
Stratification of Risk

No evidence of beneficial effects of
plasmapheresis in natalizumab-associated PML
Doriana Landi, et al. Neurology 2017;88:1144–1152
PLEX did not improve the survival or clinical outcomes of Italian
or international patients with MS and NTZ-PML, suggesting that
this treatment should be performed cautiously in the future.

Risk of natalizumab-associated progressive multifocal
leukoencephalopathy in patients with multiple sclerosis: a
retrospective analysis of data from four clinical studies P-R
Ho, et al. (Biogen) Lancet Neurol 2017; 16: 925–33

For patients with anti-JCV antibody index of 0.9 or less,
the estimated PML risk remained less than 1.0 per 1000
patients for the 6 years (72 infusions).
For patients with index of more than 0.9 up to and
including 1.5, the risk of PML was more than 1.0 per
1000 patients after 3 years (>36 infusions);
For patients with index of more than 1.5, the risk of PML
was more than 1.0 per 1000 patients after 2 years (>24
infusions).

Editorial To PLEX or not to PLEX in natalizumab-associated
PML, Kenneth L. Tyler, MD Timothy L. Vollmer, MD; Neurology
2017;88:1108–1109
The study has several major limitations.
Benefits of PLEX in NTZ-PML are conjectural, not proven, and
will remain so until real data on efficacy or lack thereof are
available.

The clinical utility of JC virus antibody index
measurements in the context of progressive
multifocal leukoencephalopathy

Natalizumab related
PML 2 weeks after negative
anti-JCV antibody assay

A. Q. Reuwer Acta Neurol Scand. 2017;136 (Suppl. 201):37–44.

antibodies to JCV with the STRATIFY JCV®
DxSelect
In the STRATIFY test, the antibody index is the
ratio between the signal derived from antibodies
in the serum of a patient and the signal from a
JCV antibody-positive calibrator sample used in
the assay.
antibody tests may detect cross-reacting
antibodies and thus may be false positive.

Gagne Brosseau MS, Stobbe G, Wundes A.
Neurology 2016;86:484–486.

Leflunomide-Associated Progressive
Multifocal Leukoencephalopathy

PML in … multiple sclerosis
Is teriflunomide the felon?

ARCH NEUROL 65: 1538-9, NOV 2008

Right hemiparesis and aphasia due to
PML developed while on teriflunomide, 6
mos. after d/c’ing natalizumab (tx’d 33
infusions)
CSF JCV PCR positive, CSF formula
normal
Natalizumab stopped because of turning
seropositive for JCV
Teriflunomide removed by an accelerated
elimination procedure with
cholestyramine for 11 days

A 68-year-old man had subacute progressive decline in speech and rightsided weakness after his rheumatoid arthritis regimen was changed from
azathioprine to leflunomide. His local doctor diagnosed a stroke.

Megan Rahmlow, MD, Elizabeth A. Shuster, MD, Jacob Dominik, M.D., H. Gordon
Deen, Jr, MD, Dennis W. Dickson, MD, Allen J. Aksamit Jr., MD, William D.
Freeman, MD; Mayo Clinic, Jacksonville, Florida.

L Lorefice, et al. Neurology 9 Jan 2018;90:83-85.
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Risk of PML in association with the most common MS immunomodulating agents
Therapeutic agent

Estimated risk of PML

Natalizumab

1/1000- 1/100*

Primary condition
predisposing to PML
No

Dimethyl Fumarate

1/50,000

No

Fingolimod

1/ 20,000

No

Teriflunomide

Rituximab

Ocrelizumab
Alemtuzumab

Daclizumab

None in MS patients,
though theoretical risk exists, given
PML in psoriasis patients on
leflunomide
1/20,000-1/30,000 in
non-MS patients
No cases in MS patients
No PML cases directly attributable
to Ocrelizumab to date
No cases of PML in patients with MS

Treatment of PML
Nucleoside Analogs
– Cytosine arabinoside
(ARA-C)
– Cidofovir

No

Yes (rheumatoid arthritis,
lymphoma, etc)

Interferon – 
Topotecan
Mefloquine

No

No- MS
Yes- hematologic
malignancies
No cases of PML in patients with MS No- MS
Somewhat- renal transplant
prophylaxis

siRNAs

Grebenciucova E. and Berger J. Modified from
Multiple Sclerosis and Related Disorders 12 (2017) 59–63

PML Treatment
Pembrolizumab (PD-1 inhibitor) treatment of
PML, 3/6 patients responded, IRIS in at least
one. ANA meeting, Baltimore, MD. (Cortese I, et
al. Ann Neurol 2016; 80 (suppl 20): S166)
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5-HT antagonists
– Chlorpromazine
– Mirtazapine
– Risperidone

Immune reconstitution
IL-7
PD-1 inhibitors
– pembrolizumab

HERPES SIMPLEX ENCEPHALITIS – UPDATE – ISRAEL STEINER

Special focus on:

Herpes Simplex
Encephalitis - update

•
•
•
•
•
•
•

Israel Steiner
Department of Neurology,
Rabin Medical Center, Campus
Beilinson, Israel

Classification and background
Pathogenesis
Therapy and alternative medications
Neonatal HSV-2 encephalitis
Bell’s Palsy
HSV Vs VZV
Giant cell Artheritis

Herpesviridae family

Herpesviridae family:why classify?
Evolutionary

•Double stranded DNA viruses

Predict properties

•Almost every organism has its own herpes
viruses: hors–6; cattle–3; pigs–2; chickens3.

Three subfamilies based on:
biologic properties

•Strict and controlled gene expression
during replication

DNA sequence homology and arrangement
immunological similarities and important viral
proteins

•Establish latent infection in their hosts
•At least 8 human herpes viruses

Herpesviridae family

Herpesviridae family
Variable host range, short reproductive
cycle, efficient destruction of host cells and
establishment of latent infection in sensory
ganglia

HSV1- herpes simplex virus type 1
HSV2- herpes simplex virus type 2

-herpesviridae

VZV- varicella-zoster virus
HCMV- human cytomegalovirus
HHV6- human herpes virus 6

-herpesviridae

HHV7- human herpes virus 7
HHV8- human herpes virus 8 or KSHV- Kapasi’s
sarcoma-associated herpesvirus

-herpesviridae

EBV- Epstein Bar virus
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-herpesviridae

Restricted host range, long reproductive
cycle, cytomegalia of infected cells, carrier
cultures are readily established, latency is
established in non-neuronal tissue

-herpesviridae

Species specific, replicate in lymphoblastoid
cells, T and B cell specific, these cells are
also the host cell for latent infection

-herpesviridae

Herpes diseases

The neurotropic herpes viruses

HSV1- herpes oropharynx lesion, encephalitis

HSV-1, HSV-2 & VZV

HSV2- herpes genital lesion, most cases of herpetic viral
meningitis.

Establish latent infection in DRG
Can reactivate to produce recurrent mucocutaneous disease

VZV- chickenpox in childhood, shingles in adults. Can
cause acute encephalitis.

Herpes simplex viruses

HCMV- priventricular necrosis that produce severe
brain destruction (Effects immunosuppressed
individuals and fetuses).

Were the first of the human herpesviruses to be discovered
Serve as models and tools for the study of protein function,
CNS mapping, membrane structure, gene regulation, etc

HHV6- exanthema subitum

Size and complexity are formidable obstacles for intensive
research

HHV7- no known disease
KSHV - Kapasi’s sarcoma and B cell lymphoma (in
immunosuppressed individuals).

Relatively easy to work with

EBV- infectious mononucleosis

HSV-1
Lytic phase- Replicates in the skin & mucous cells at
the site of entrance and cause immune mediated
inflammation.

Pathogenesis

Latent phase- Infect the neurons that innervate the
site of entrance
Cause vesicular lesions of the epidermis
Complications- Encephalitis.
Corneal ulcer. Unilateral, epithelial defect.
Blindness. The major infectious cause of
corneal blindness

HSE: Pathogenesis

HSE: Pathogenesis

 The commonest cause of
Fatal viral encephalitis.
 Untreated: 70 % mortality.
 Treated: 30 % mortality
and high incidence of
permanent sequelae.
 All cases beyond the
neonatal period are due to
HSV-1.

 Usually not a disorder of
the immunocompromised.
 Mechanism of entry into
the brain unsettled:
 Reactivation from TG
 In situ reactivation
 Primary infection
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HSE: LP & serodiagnosis

HSE: Clinical presentation

 CSF

Information is pre-PCR diagnosis)
Fever Virtually always
Headache (90 %)
Gray matter involvement
Focal signs in only a third of patients






Abnormal in 95%
Moderate MN cells & RBC
Moderate rise in protein
Reduced glucose in < 5%

 Serodiagnosis
 Serum/CSF abs <20
 Serum/CSF abs /CSF/serum albumin >1/9

Prognosis depends on early treatment, hence
the need for immediate diagnosis

HSE: Brain biopsy

HSE diagnosis: PCR

 Neurons contain large nuclear
inclusion bodies surrounded by a
halo with margination of nuclear
chromatin.

Sensitive (98%) & specific (95%)

HSE: Therapy

Therapy and alternative
medications

 Acyclovir 10 mg/kg IV every 8 hours for
14 days
 In immunecompromized and children below
12 years a 21 day course is recommanded
 New anti-herpetic agents:
 Valacyclovir (better bioavailability)
 Pencyclovir (higher intracellular
concentration)
 Famcyclovir (prodrug of pencyclovir with
better bioavailability)
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HSE: Therapy

HSE: Handling a suspected case

In cases of mutations in the gene of
thymidine kinase, foscarnet, which
requires no metabolic activation,
and cidofovir, a nucleoside analogue
that is phosphorylated to its active
compound by cellular enzymes, have
become the second-line drugs

 Treatment reduces mortality from 70 to
30 %.
 Cognitive impairment remains the main
residual problem and depends on time of
therapy.
 Thus, immediate therapy is mandatory.
1.Do not postpone LP.
2. If imaging and hence CSF cannot be
obtained immediately, initiate therapy and
then modify.

Herpes latency:cellular site

HSE: Handling a suspected case
3. If PCR and/or serology do not
agree with clinical judgment rely on
the clinical setup and repeat workup
under therapy.
4. If patient does not respond, it does
not necessarily rule out diagnosis.
5. In protracted cases, repeat
imaging, PCR/serology and if indicated
a through workup

Herpes latency:Gene expression
TR L

IR L IR S

ICP0
2.0 kb
1.5 kb

Latency Functions: Reactivation

TR

ICP34.5

In vivo reactivation

ORF P

100

Parental

90

LATs

80

LAT (-)

70

mLAT

60
Reactivation
50
(% TG)
40

In vivo 75 %

16 %

In vitro 98 %

89 %
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Neonatal HSV-2 encephalitis

Neonatal HSV-2 encephalitis

• 80% of neonatal HSE are caused by HSV-2
• Most acquired from a mother with active
genital herpes infection at the time of
delivery.
• Neonates present with systemic findings and
neurological signs.
• The infection can take one of three patterns:
disseminated infection, an isolated CNS
disease, or a focal infection
• Laboratory diagnosis(viral isolation, antigenic
detection and PCR) is mandatory.

Neonatal HSV-2 encephalitis

Neonatal HSV-2 encephalitis

• Both acyclovir and vidarabine have been
shown to reduce the morbidity and
mortality Acyclovir is given at 30 mg/kg
per day IV in divided doses every 8 h for
14-21 days
• Even with appropriate treatment,
prognosis is very poor. Between a third
and half of all treated babies with
disseminated disease die and about twothirds of survivors have neurological
sequelae.

• Should a neonate who was discovered
postnatally to have been delivered via an
HSV-lesioned or culture-positive birth
canal be treated prophylactically?
• We and others recommend prophylactic
intravenous acyclovir (60 mg/kg per day
in three divided doses) for 10 days.

Neonatal HSV-2 encephalitis

Bell’s Palsy

• Is caesarean section recommended for
mothers with a history of HSV genital
infection?
• Since asymptomatic HSV-2 shedding is a
frequent occurrence in seropositive
individuals, and caesarean section seems
to decrease the risk of HSV
transmission, we recommend to avoid
vaginal delivery
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Bell’s Palsy: Background

Bell’s Palsy: Auxiliary studies

 The most common cause
of unilateral facial
paralysis (60-70%)
 Etiology and
pathogenesis unknown
(hence: Idiopathic facial
palsy).
 Hypothetical mechanism
include: vascular
mediated, immunemediated & infectious.

 MRI imaging of the geniculate ganglion
 CSF (pleocytosis and elevated protein)
 (Pathology)

Bell’s Palsy and HSV: Anecdotes

Bell’s Palsy and VZV infection

 Facial diplegia after having oral sex
with a partner who had active
genital HSV
 Bell’s palsy after cold sores.
 HSV DNA identified in the
geniculate ganglion of a patient who
had Bell’s palsy 6 weeks prior to
death.
Identification of HSV nucleic acids in
the genicualte ganglion.

 Many pathogens implicated.
 Only B. burgdorferi and VZV shown
to damage the facial nerve.
 RHS: acute facial paralysis with
typical vesicles containing
infectious VZV & serological
evidence for ongoing VZV infection

Bell’s Palsy and HSV: the evidence

Bell’s Palsy and HSV: lack of evidence

 Can develop several days following middle
ear surgery. The putative mechanism:
Trauma > Reactivation > Facial palsy
 In 4/5 patients who developed facial palsy
post surgery, HSV-1 DNA could be
detected in the saliva and there was
serological evidence for reactivation.
 Positive PCR in the endoneural fluid of
facial nerve in some patients.
 Minimal (doubtful) benefit from acyclovir.

 HSV-1 cannot be recovered from the
CSF of Bell’s palsy patients.
 No serological evidence for HSV-1
reactivation.
 No reproducibility of some of the
studies.
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Open biological issues

VZV latency Vs HSV

 HSV-1 resides latent in sensory ganglia and
unlike VZV its reactivations are not
associated with motor deficit.
 HSV-1 genome seems to be present in more
trigeminal ganglia but only by a factor of 1.
Why is Bell’s palsy such a rare condition
compared to cold sores?
 No documentation of “herpes sine herpete”
with neurological abnormality.
 HSV-1 causes recurrent reactivations. Bell’s
palsy in the overwhelming majority f patients
is a single episode

Differences between HSV and
VZV reactivations

Giant cell Artheritis

Etiology
• The pathogenesis of GCA remains elusive;
• Genetic factors (clustering within families and
tendency to occur in certain ethnic groups association
with genetic polymorphisms (eg, intercellular adhesion
molecule-1 and HLA-DRB1*04))
• Infection (occasional identification of viral DNA in TA
biopsy specimens; presence of granulomatous
inflammation).
• Age-related susceptibility to GCA, the strongest
clinical risk factor, may be related to concurrent aging
of the immune system and blood vessel wall, where
surveillance dendritic cells normally reside.
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“VZV” & “GCA” yields 18 papers,
11 of those by D. Gilden
Year

Authors

Journal

No of Patients

Methodology

Findings

1998

Nordberg C.….Gilden
D

Ann Neurol

10

PCR

0/10

2001

Mitchell BM, Font RL.

Invest
Ophthalmol Vis
Sci.

64 (35
histologically
positive)

PCR

9/35 (26% of the
positive); 0/29
negative

2003

Kennedy PG1, Grinfeld
E, Esiri MM

JNS

15

ISH & PCR

0/15

2004

Rodriguez-Pla A et al

Journal of
Clinical virology

50

PCR

0/50

2005

Alvarez-Lafuente R et
al

Ann Rheum Dis

57

PCR

0/57

2008

Cooper et al

Journal of
Medical
Virology

37

PCR

0/37

Critique

• Lack of clinical data
• Why the negative studies?
• No clinico-virologic correlations could be
made regarding the presence of VZV in
GCA-positive TAs and a history of
zoster, zoster vaccination, or medication.
• Could the findings represent VZV
reactivation under steroid therapy?
• Why do patients respond dramatically to
CS?
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NeuroAIDS – ITZCHAK LEVY

The mystery of
neuro‐AIDS in
2018

Ram, 60 years old MSM, is know to be
HIV‐1 positive since 1998 and on
detection:

Case number 1

Plasma Viral load – 160,000 copies/mL

I T Z C H AK ( I T S I K ) L E V Y M D

CD4 cell count – 44 cells/mm3

AI D S AN D S T D S U N I T
S H E B A M E D I C AL C E N T E R

HIV history

2005-6
600

Combivir
Indinavir

Tenofovir
Epivir
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Abacavir
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00-יוני

01-יוני

00-פברואר

01-פברואר

99-אוקטובר

00-אוקטובר

98-יוני

99-יוני

1
98-פברואר

0

98-יוני

LD
100

99-פברואר

10
98-פברואר

200

98-אוקטובר

0

99-פברואר

VL

Non-adherence

98-אוקטובר

CD4

New depression
fever
delirium
ataxia

IMAGING

Plasma VL < 40
CD4= 450

Acute meningoencephalitis in an HIV positive patient
• CD4 < 200 cells/mm3
–
–
–
–
–
–

Toxoplasmosis
Isolated CNS lymphoma
PML
Cryptococcus ME
CMV
+ all that are on the right

• CD4 > 200 cells/mm3
–
–
–
–
–

Pyogenic (mostly meningitis)
Viral (HIV, HS, WN, entero)
Tuberculosis
Drug induced (eg TMP/SMZ)

This patient is with a CD4 cells count > 200 cells/ml3 and LDL HIV VL
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CSF findings
•
•
•
•
•
•
•
•
•

Brain Biopsy

Opening pressure: 300 mmH2O
Cells: 105
Glucose – normal
Protein – normal
Bacterial culture including TB – neg
VDRL, cryptococcal Ag – neg
PCR to HSV, VZV, CMV, EBV, JCV, entero, WNV – neg
FACS – neg
HTLV1, HTLV2 – neg
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Pressure:
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Fever
Delirium
ataxia

One more little thing…

250-300
120-280
N
High
N

300
105
65
114
N

300
150

N

300
102
52
146
N

And on sequencing…
• P: 15V, 16E, 20R, 36I, 69K, 82A, 89M, 90L, 93L
• RT: 65K, 74V, 184V

VL < 40

Lopinavir: Low level resistance
Lamivudine/emtricitabine – High level resistance
DDI – High level resistance
VL = 23,000

TDM:
Lopinavir in plasma: above IC 90
Lopinavir in CSF: 0
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CSF clears…

Accordingly, therapy was switched to:

1000
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100

400
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200

Tenofovir, Retrovir, epivir, efavirenz
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8 years later

And clinically the patient fully recovers

• The patient is brought to the ER with delirium and later
develops convulsions

• The patient’s ART was switched several times for
simplification, recently to truvada, maraviroc and
raltegravir. Two month before symptoms begain the RX
was further simplified and raltegravir and maraviroc were
switched to dolutegravir.
• In recent years the patient reported on “chem-sex” usually
with MDMA, GHB, ketamine and recently crystal meth
• 4 years ago the patient was infected with secondary
syphilis (VDRL 1:64) and was treated with benzanthine
penicillin G 2.4 million units
• 3 years ago the patients was infected with HCV –
genotype 3, HCV RNA was 2,000,000; pending treatment

•
•
•
•
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Plasma VL – TND
CD4 cell count – 860
VDRL – 1:2
HCV RNA – 400,000

What’s the DD now ?

CSF findings
•
•
•
•
•

• Age-related cognitive deficits and accelerated atherosclerosis (the patients is
now 56 years old, is HIV causing premature aging of the brain ?)
• HAND
• Alcohol and substance abuse (the patient uses drugs and alcohol heavily,
40-60% of our HIV MSM patients uses drugs)
• Viral or bacterial co-infection: HCV, HIV-2 and HTLV-I (our patients was
infected with HCV – current HCV epidemic among MSM); neurosyphilis
• Nutritional and vitamin deficiencies
• ART (the patient is on dolutegravir)
• Psychiatric illnesses: anxiety disorders, major depression, bipolar disorder
(50-70% of our patients have a psychiatric comorbidity)
• “Escape” related meningoencephalitis

Opening pressure – 200 mmH2O
Cells, 280 cells/mm3 mostly mono-nuclears
Glucose – 80 mg/dL (97 mg/dL in blood)
Protein – 145 mg/dL
VDRL – borderline; TPHA - negative

• The effect of HIV on the brain
• The effect of HIV on brain ageing
• ART and the brain

Saylor D, et‐al: Nature reviews/neurology 2016

Saylor D, et‐al: Nature reviews/neurology 2016
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Foca E, et‐al: Screening for Neurocognitive Impairment in
HIV‐Infected Individuals at First Contact after HIV Diagnosis; In J Mol Sci 2016

HAND: 47.1%
ANI: 30.6%
MND: 15%
HAD: 1.5%

Lepik KJ, et‐al: 8th IAS Vancouver Canada 2015
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What’s the DD now ?
• Age-related cognitive deficits and accelerated atherosclerosis (the patients is
now 56 years old, is HIV causing premature aging of the brain ?)
• HAND
• Alcohol and substance abuse (the patient uses drugs and alcohol heavily,
40-60% of our HIV MSM patients uses drugs)
• Viral or bacterial co-infection: HCV, HIV-2 and HTLV-I (our patients was
infected with HCV – current HCV epidemic among MSM); neurosyphilis
• Nutritional and vitamin deficiencies
• ART (the patient is on dolutegravir)
• Psychiatric illnesses: anxiety disorders, major depression, bipolar disorder
(50-70% of our patients have a psychiatric comorbidity)
• “Escape” related meningoencephalitis

• common definition: HIV RNA > LLQ in CSF when ≤ LLQ in blood on
ART for more than 6 months
• Composite definition: HIV RNA in CSF more than 0.5 or 1.0 log10
above levels in blood when HIV RNA in blood are > LLQ on ART

Introduction
DISCREPANCIES BETWEEN HIV-1 VIRAL LOAD IN THE
CEREBRO SPINAL FLUID (CSF) AND PLASMA IN NAÏVE AND

In general, HIV‐1 viral loads in the CSF follows that of Plasma load.
However, discrepancies between HIV‐1 viral RNA in cerebrospinal
fluid (CSF) and is plasma Have been reported previously.
In treated patients, also differences in drug resistance mutations
between CSF and plasma were seen.
Different situations (opportunistic infections, neurosyphilis, different
treatments May influence those discrepancies in different ways.

TREATED HIV PATIENTS

Itzchak Levy 1,5, Rachel Shirazi2, Marina Wax2, Maya Korem3, Valeri
Istumin4, galia Rahav1,5, Anat Wieder1, Vladislav Litchevski1, Orna Mor 2

1

Sheba Med Cntr, Ramat Gan, Israel, 2Natl HIV reference Lab, ministry of Hlth, Tel Hashomer, Israel,
Med Cntr and the Hebrew Univ, Jerusalem, Israel,
Yaffe Med Cntr, Haderah, Israel, 5 Sackler Med Sch, Tel Aviv Univ, Tel Hashomer, Israel

3Hadassah
4Hilel
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Objectives

Methods

In this retrospective cohort we investigated discordance of HIV‐1
viral load between CSF and plasma in naïve and treated subjects in
relation to baseline HIV characteristics, HIV associated
neurocognitive disorders (HAND), neurosyphilis and opportunistic
infections.
When applicable, HIV‐1 sequences were compared between both
compartments to assess compartmentalization.

From all csf that were taken since 2010 (for every reason) a sample for
HIV VL testing and a parallel blood test for HIV VL in plasma were done.
A viral load was done using EasyQ (2010‐2014) and GeneXpert (2015
and on). Where possible sequencing was performed.
92 samples from 82 patients were analyzed.

Results 1

HAND – HIV associated neurocognitive disorder
PSY – first evaluation in psychiatric patients to r/o organic disease
Syphilis – Suspected neuro syphilis
OI – current opportunistic infection
CVA – cerebro vascular attack
UK ‐ unknown

Results 3

Results 2

Drug resistance mutations (DRMs) in CSF and Plasma
5 patients with same DRMs in
CSF and Plasma
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6 patients with different DRMs in
CSF and Plasma

Discussion

So what is in association with “ESCAPE” ?
Longer duration of HIV

In general, HIV‐1 RNA levels were lower in CSF than in plasma.

PI use

However, in some patients, mainly those with cryptococcal meningitis

HIV viral blips

and HIV associated neurological disease higher CSF HIV‐1 levels were

ART interruptions
Certain infections ? (cryptococcal meningitis, neuro – syphilis, etc)

identified. Compartmentalization of HIV in the CSF was documented in
6 cases where a difference in the DRMs between blood and CSF was
identified. Targeted anti‐retroviral therapy is important in controlling
CSF HIV levels in all patients.

HIV sequence diversification can be caused by reverse transcriptase (RT)
Errors and Mutagenesis by Different APOBEC3 proteins

Back to our patient:
Plasma viral load: TND
CSF viral load – 2250; with the R263K mutation
Treatment was switched back to raltegravir and maraviroc and the
patient fully recovered
Nature Immunology 16, 546–553 (2015) doi:10.1038/ni.3156

1) During suppressive therapy a larger percentage of hypermutants in the CSF (38%),
compared with the plasma (0%; P = .013) were found. (Dahl et al., JID 2014:209)
2) Hypermutated proviral DNA was found in 12% out of 136 HIV-1-infected individuals
had (Pace et al. J Virol 2006; 80:9259) and in 29 of 600 PBMCs sequences from treated
patients of which 24% E138K and M184I mutations w/o ETR or RPV exposure (Fourati
et al.,AIDS2012, 26:1619.)

Theories
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CHRONIC NEUROBORRELIOSIS
Pille Taba
University of Tartu, Estonia
Pille.Taba@kliinikum.ee
Lyme borreliosis, is a tick borne infection caused by a spirochete Borrelia burgdorferi sensu lato
complex, with dermatological, neurological, cardiac, or musculoskeletal manifestations.
Lyme neuroborreliosis may develop within 2-6 weeks after the tick bite, most frequently as
meningoradiculitis (Bannwarth’s syndrome) in Europe, meningitis in the United States, or
facial nerve palsy in children. Chronic or late Lyme neuroborreliosis occurs in less than 5% of
neuroborreliosis patients, lasting for more than 6 months after tick-transmitted infection. It is
characterised by various neurological syndromes including progressive encephalomyelitis
with pareses, movement disorders, seizures, gait and bladder disturbances, psychiatric
features, neuropathy, or psychiatric syndromes. Response to antibiotic treatment in chronic
Lyme disease is usually slow and may be incomplete.
The mechanisms of the chronic Lyme neuroborreliosis are still debated: is it caused by the
persistence of spirochetes in the brain leading directly to tissue damage, or a result of
immunological changes in the absence of continuing infection. The European guidelines
define chronic neuroborreliosis as a clinical syndrome with neurological manifestations,
pleocytosis, and intrathecally produced anti-Borrelia antibodies (except for peripheral
neuropathy with antibodies in serum). However, there is no consistency regarding diagnosis
of chronic neuroborreliosis through countries.
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CHRONIC NEUROBORRELIOSIS – PILLE TABA

Lyme disease
CHRONIC
NEUROBORRELOSIS

• Bacterium Borrelia burgdorferi sensu lato complex (spirochete)
– Borrelia burgdorferi - US
– Borrelia afzelii, B. garinii - Europe

Pille Taba MD, PhD
University of Tartu, Estonia

• Transmitted by ticks, from hosts – rodents, birds, deers
• Geographic range changes – vector related

19 February 2018, Tel Aviv
14th Annual Update Conference on
Clinical Neurology & Neurophysiology

• Altered types and frequency of strains of B. burgdorferi

– Climate: temperature; rainfall; humidity
– Rapid bacterial expansions in naive host populations
– Impact on pattern of pathogenicity in humans
Halperin JJ, Exp Rev Anti-inf Ther 2018
Ljøstad and Mygland, Acta Neurol Sand, 2013

Surveillance of borreliosis in Europe
Surveillance pyramid

Ixodes ricinus – Europe
Ixodes persulcatus - elsewhere
Ixodes scapularis or I. pacificus – US

2. Neuroborreliosis
by GPs/physicians/laboratories

Persisting
symptomsa

3. All Lyme borrelliosis
by GPs/physicians/laboratories

Disseminated

4. Sero-surveillance

Ticks and transmission of the disease
Surveillance scenario

Erythema migrans

• Most likely bites a nymph stages of ticks:
egg/ larva/ nymph/ adult

1. Erythema migrans
by GPs/physicians/laboratories

• Multiplication and migration of Borrelia in
ticks: 24-48 hours

Tick bites
Humans in tick-suitable areas

• Daily check following potential exposure and
timely removal of a tick reduces the risk for
infection

5. Citizen-based reports
on tick bites
Infected (questing) ticks

• No vaccination against Lyme disease is
available

6. Surveillance of infected
ticks, reservoir hosts

Infected wildlife

Van den Wijngaard CC et al, Eurosurveillance 2017

Lyme disease

Chronic Lyme disease

• Multisystem clinical manifestations
–
–
–
–
–

• Involvement of nervous system
• Acrodermatitis chronica atrophicans
• Arthritis episodes: relapsing-remitting
large-joint oligoarthritis

Dermatological
Neurological
Cardiac
Musculosceletal, arthritis
Geographical differences (Europe/ America)

– Large joints: knee, elbow, shoulder, hip
– One joint in time: painful, swollen
– Resolving after few weeks

• Develops 2-6 weeks after the tick bite, most
frequently as
– Bannwarth syndrome (erythema,
neuropathic pain) – Europe
– Meningitis – America
– Facial nerve palsy – children

• Cardiac
– Heart blocks, myocarditis, pericarditis

• Other: myosistis; ocular inflammation
• Non-specific symptoms

• Number of cases increasing
Halperin JJ, J Neurol 2017
Stanek G et al, Lancet 2012
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Diagnostic evaluation
Clinical features of LNB

Neurological symptoms usually occur 1–12 (mostly
4–6) weeks after the tick bite, and mainly from July to
December. Only 40–50% of the patients can recall a
tick bite, and 20–30% report a local skin infection
(erythema migrans) (stage I) [11,12]. More than 95%
can be classified as early LNB (stage II), defined as signs
and symptoms lasting for <6 months. Less than 5%
have late LNB (stage III) with duration between
6 months and several years [12]. The natural course of
early LNB is often self-limiting [13], whereas late LNB
has a chronic course that probably reflects persistent
survival of bacteria in nervous tissue.

Classification of Lyme neuroborreliosis (LNB)
Table 1 Classification of Lyme neuroborreliosis (LNB)
Early LNB
Neurological symptoms for <6 months
With manifestations confined to PNS (cranial nerves, spinal roots
or peripheral nerves) (Bannwarth syndrome)
With CNS manifestations
Late LNB
Neurological symptoms for more than 6 months
With PNS manifestations
With CNS manifestations
PNS, peripheral nervous system.

or Parkinson-like symptoms have been associated with
Bb infection [14]. Poliomyelitis-like syndromes [15], and
acute stroke-like symptoms caused by cerebral vasculitis [16] are rare and have been documented only in
single case reports.
Late LNB (Table 1)
Late neurological manifestations are also entitled
"chronic neuroborreliosis!.
PNS manifestations. It may consist of mononeuropathy, radiculopathy and polyneuropathy [17,18]. In
Europe, late polyneuropathy has only been observed in
combination with acrodermatitis chronica atrophicans
(ACA) [19] – the typical dermatological manifestation
during late stage III of borrelial infection – whilst isolated cases of distal symmetric polyneuropathy as a
Neuroborreliosis
result of a borrelial infection have been reported in
American patients [20]. It is of note that a causative
• Nervous
system involvement:
10-15% patients
relationship between
polyneuropathy
and in
borrelial
– Lymphocytic
occasionally
infection cannot be based
on the meningitis;
sole detection
of Bbbrain
- or spinal cord
involved with polyneuropathy as
specific antibodies in patients
– Cranial
neuritis:infacial
nerve;oftrigeminal
those antibodies can also
be found
5–25%
healthy nerve
– Mononeuritis multiplex; radiculopathy; plexopathy
persons [21].
• Non-specific symptoms

CNS manifestations. –ItFatigue
includes (i) cerebral vasculitis
– Headache Lyme encephalitis or
and (ii) chronic progressive
– Memory
disorders
encephalomyelitis with
tetraspastic
syndrome, spastic–
ataxic gait disorder and disturbed micturition [18].
Halperin JJ, J Neurol 2017

Mygland et al, Eur J Neurol, 2010
! 2009 The Author(s)
Journal compilation ! 2009 EFNS European Journal of Neurology 17, 8–16

Chronic/ late neuroborreliosis

Late neurological manifestations

• 5-9% of neuroborreliosis cases
• May last for years

CNS manifestations

Debates:
• Different understanding

• Cerebral vasculitis
• Progressive encephalitis/
encephalomyelitis

1) Nervous system Lyme disease - specific active disease process
with CNS inflammation
2) Continuing disabling symptoms following an infection disease
(“Lyme literate”)
– May overlap with ‘myalgic encephalomyelitis/ chronic fatigue
syndrome’ (‘systemic exertion intolerance disease’/ SEID)

–
–
–
–
–

• No consistency regarding diagnosis of chronic
neuroborreliosis through countries

Pareses
Gait disorder
Movement disorders
Seizures
Psychiatric features

Peripheral manifestations
• Radiculopathy
• Mononeuropathy/
mononeuritis multiplex
• Polyneuropathy
– In combination with
acrodermatitis chronica
atrophicans (Europe)

Halperin JJ, Infection Drug Resist 2015
Ljøstad and Mygland, Acta Neurol Sand, 2013

Lyme neuroborreliosis – case definition (Europe)
Lyme neuroborreliosis
except late neuroborreliosis with
polyneuropathy
• Clinical syndrome with
neurologic manifestations
(without other possible
causes)
• CSF pleocytosis
• Intrathecal anti-Borrelia
antibodies

Laboratory tests in late neuroborreliosis 1

Late neuroborreliosis
with polyneuropathy

• Cerebrospinal fluid (CSF) inflammatory parametres
– Pleocytosis 10-1000 cells/ mm3 (except peripheral neuropathies)
– Protein up to 1-3 g/L

• Peripheral neuropathy

– Low glucose levels

• Acrodermatitis chronica
atrophicans (ACA)

– Normal lactate

• Specific antibodies in serum

• PCR sensitivity extremely low in late neuroborreliosis
• Cultivation (CSF, blood, skin) of low sensitivity
– CSF cultures positive in acute cases 10-30%, in chronic
extremely rarely

• A diagnose based on non-specific symptoms without clinical and
laboratory findings (US) is not supported

Ljøstad and Mygland, Acta Neurol Sand, 2013
Halperin JJ, Exp Rev Anti-inf Ther 2018

Ljøstad and Mygland Acta Neurol Scand 2013
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Laboratory tests in late neuroborreliosis 2

Imaging

• Specific antibodies
– ELISA as a screening test + Western blot to prove specificity
– IgM may be cross-reactive showing false positive cases
– IgG must be positive in more than 2 month duration
– All patients with chronic Lyme disease should be
seropositive
– In early disease negative, but persist longer after successful
treatment
– Interpretation together with clinical parametres and CSF
inflammation

• Imaging is not essential as a
diagnostic criterion
• Variable findings
– White matter lesions
– Meningeal enhancement
due to chronic
inflammation
– Nerve root enhancement

• Chemokine CXCL13 – attracts circulating B-cells to site of
infection
– Elevated in acute disease; but no evidence in chronic disease

Aalto A et al, Acta Radiol 2007

Chronic Lyme disease - treatment

MRI

Treatment options
• Intravenous ceftriaxon (2 g daily)
– Late neuroborreliosis
– CNS manifestations

• Or: cefotaxime (2 g tid)
• Or: intravenous penicillin (20 mln U/ day)
• Or: Doxycyclin (200 mg daily) when
– Symptoms of peripheral nervous system
– Meningitis
Left hemisphere lesion
in a patient with seizures

• Treatment duration: 2-4 weeks
• Response to treatment is slow, and may be incomplete

Radiculopathy in chronic
neuroborreliosis (contrasted
cauda equinae)

Post-Lyme disease syndrome/ PLDS
(not chronic neuroborreliosis)

Conclusions

• Subjective complaints persisting > 6 months after standard
treatment
–
–
–
–
–
–

Chronic neuroborreliosis:

Fatigue
Paresthesias
Sleep disorders
Cognitive impairment
Headache
Athralgia, myalgia

Variable clinical manifestations
Limitations in laboratory diagnostics
No consensus for the case definition
Antimicrobial treatment

• Antimicrobial treatment is ineffective
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UPDATE ON ZIKA VIRUS INFECTION
EPIDEMIOLOGY OF
ZIKA ADULT NEUROLOGIC COMPLICATIONS
Allen Aksamit
Mayo Clinic, USA
aksamit@mayo.edu

Zika Virus (ZIKV) is a flavivirus first isolated in the Zika forest of Uganda in 1947. It usually
causes a febrile rash illness with conjunctivitis, arthralgias, and myalgias. However, recent
studies have shown intrauterine infection leads to microcephaly (fetal brain infection) and
other malformations. Guillain-Barre syndrome (GBS) outbreaks have been temporally and
epidemiologically linked to ZIKV occurring in Polynesia, South and Central Americas, and
the Caribbean. GBS seems to be a parainfectious complication of ZIKV. Whether GBS with
ZIKV responds as well to intravenous immunoglobulin or plasma exchange as non-ZIKV
GBS is unanswered. Outbreaks of GBS related to ZIKV may be epidemiologically transient,
but the future is uncertain about an outbreak in the United States. Encephalitis or myelitis is
a rare direct infection of the CNS by ZIKV. Post-infectious ADEM can occur after ZIKV
infection. Rare direct anterior horn cell infection, like other flaviviruses, by ZIKV occurs, but
direct proof is lacking because of an absence of published autopsied cases.
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UPDATE ON ZIKA VIRUS INFECTION – ALLEN AKSAMIT

EPIDEMIOLOGY OF ZIKA
ADULT NEUROLOGIC
COMPLICATIONS

Zika Virus (ZIKV)
Zika was first isolated in the Zika forest of Uganda in
1947, 1st human case in 1964
Flavivirus - like West Nile virus (WNV), St. Louis
encephalitis virus (StLEV), Japanese encephalitis virus
(JEV), dengue virus
WNV, StLEV, and JEV all cause encephalitis and acute
flaccid paralysis (myelitis) syndrome (AFP)
Zika is transmitted predominantly by Aedes aegypti
which started in Africa and is now a worldwide species in
tropical and subtropical areas
Zika and dengue serologies cross react

Allen Aksamit MD
Department of Neurology
Mayo Clinic, Rochester MN

19 Feb 2018
Tel Aviv, Israel
Update Conference on Clinical
Neurology & Neurophysiology

Zika – CDC map

Mosquito Vector - Zika

https://wwwnc.cdc.gov/travel/page/world-map-areas-with-zika

Aedes aegypti, the yellow fever
mosquito, is a mosquito that
can spread dengue
fever, chikungunya, Zika fever,
and yellow fever viruses, and other
diseases. This mosquito originated in
Africa, but is now found in tropical and
subtropical regions throughout the world

Florida and
Texas

Mosquito Vector
Aedes aegypti

Mosquito Vector - Zika
Aedes albopictus from the
mosquito (Culicidae) family, also
known as (Asian) tiger
mosquito or forest mosquito, is a
mosquito native to the tropical
and subtropical areas of Southeast
Asia
Has been periodically found as far
north as Minnesota

Moritz UG Kraemer, Marianne E Sinka, Kirsten A Duda, Adrian QN Mylne, Freya M Shearer, Christopher M
Barker, Chester G Moore, Roberta G Carvalho, Giovanini E Coelho, Wim Van Bortel, Guy Hendrickx, Francis
Schaffner, Iqbal RF Elyazar, Hwa-Jen Teng, Oliver J Brady, Jane P Messina, David M Pigott, Thomas W Scott,
David L Smith, GR William Wint, Nick Golding, Simon I Hay- The global distribution of the arbovirus vectors
Aedes aegypti and Ae. albopictus - Kraemer et al. eLife 2015;4:e08347
https://elifesciences.org/content/4/e08347/figure2
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Mosquito Vector
Aedes albopictus

Zika Virus






Moritz UG Kraemer, Marianne E Sinka, Kirsten A Duda, Adrian QN Mylne, Freya M Shearer, Christopher M
Barker, Chester G Moore, Roberta G Carvalho, Giovanini E Coelho, Wim Van Bortel, Guy Hendrickx, Francis
Schaffner, Iqbal RF Elyazar, Hwa-Jen Teng, Oliver J Brady, Jane P Messina, David M Pigott, Thomas W
Scott, David L Smith, GR William Wint, Nick Golding, Simon I Hay- The global distribution of the arbovirus
vectors Aedes aegypti and Ae. albopictus - Kraemer et al. eLife 2015;4:e08347
https://elifesciences.org/content/4/e08347/figure2

Zika virus
Neurological Complications

Zika Virus and Neurologic Disease


Historically, ZIKV caused sporadic cases or
small outbreaks of mild rash illness



2007 outbreak in Yap, South Pacific — no
neurologic manifestations reported



2013-14 – large Zika outbreak in French
Polynesia; first report of increase in cases of
GBS- 42 pts. (Lancet 2016; 387:1531)



2015 – First recognition of Zika virus in Brazil



Fall 2015 into 2016 – Widespread transmission
throughout Central / South America, Caribbean

Clinical presentation – febrile rash illness
• Conjunctivitis, arthralgias, myalgias
• Mild self-limited illness, few hospitalizations
Transmission
• Mosquito- Human - Mosquito (natural)
• Sexual transmission; perinatal / transplacental; blood
transfusion (under investigation)
Diagnosis
• RT-PCR for viral RNA in serum, urine, semen
• MAC-ELISA for Zika-specific IgM antibodies in serum
o PCR positivity only during viremia – first 5 – 7 days of
infection
o Serology challenges due to cross-reactivity to other
endemic flaviviruses (dengue, Yellow Fever vaccine)

Intrauterine infection leading to microcephaly
(fetal brain infection) and other malformations
– Maternal infection can be asymptomatic
– Sexual transmission occurs

Para-infectious Guillain-Barre syndrome
(AIDP) (NEJM 2016; 375:1513-1523;
Columbia experience)
Myelitis (Lancet 2016; 387:1481) - infectious
Encephalitis (NEJM 2016; 87:336-7) - infectious
ADEM (Neurol Neuroimmunol Neuroinflamm
2017;4:e349 – post-infectious

Guillain-Barré Syndrome (GBS) outbreak
associated with 2013-14 Zika virus
infection in French Polynesia

Guillain-Barré Syndrome outbreak
associated with 2013-14 Zika virus
infection in French Polynesia

Van-Mai Cao-Lormeau, et al.
Lancet Vol 387, April 9, 2016, 1531

Van-Mai Cao-Lormeau, et al.
Lancet Vol 387, April 9, 2016 ,1531
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Weekly Case Reports of Zika Virus (ZIKV)
(green) and GBS (gold) 2015-16 in
Bahia, Brazil and 6 Other Countries

Zika Virus (ZIKV)
and GBS in Americas


As of April 2017, at least 13
Central/South American and
Caribbean countries reported
increases of GBS following
introduction of Zika virus

Median time between
onset of acute viral illness
and neurologic symptoms:
French Polynesia –
6 days

• Some with laboratory evidence of
ZIKV infection
• Although initially ‘circumstantial’,
additional evidence suggests an
association


Salvador, Brazil –
8 days
Barranquilla, Colombia –
7 days

February 2016: Prospective GBS
surveillance established in Puerto
Rico in anticipation of ‘GBS
outbreak by CDC

dos Santos, T., et al., Zika Virus and the
Guillain–Barré Syndrome — Case Series
from Seven Countries. N Engl J Med. 2016
Oct 20;375(16):1598-1601

ZIKV & GBS
in Salvador, Brazil 2015

GBS outbreak 2015-16 concurrent with
peak in Zika cases in Barranquilla,
Colombia

2015
High incidence of GBS geographically and temporally clustered in the setting of
an ongoing large outbreak of ZIKV.

2016

J Sejvar, et al., CDC, at WHO Geneva,
Switzerland; 27–28 February 2017

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0005869 August 30, 2017

GBS outbreaks in Salvador, Brazil, and
Barranquilla, Colombia, 2015–2016,
Patient Age

GBS outbreaks in Salvador, Brazil, and
Barranquilla, Colombia, 2015–2016

J Sejvar, et al., CDC, at WHO Geneva,
Switzerland; 27–28 February 2017

J Sejvar, et al., CDC, at WHO Geneva,
Switzerland; 27–28 February 2017
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GBS and Other Neurologic
Syndromes in Cúcuta, Columbia
Related to ZIKV 2015-2016

GBS outbreaks in Polynesia
(yellow), Brazil (green), and
Colombia (blue), Patient Age

Neurological syndromes reported by week

J Sejvar, et al., CDC, at WHO Geneva,
Switzerland; 27–28 February 2017

J.-M. Anaya et al. / Journal of Autoimmunity 77 (2017) 123e138

Guillain–Barré Syndrome Associated
with Zika Virus Infection in Colombia NEAS

Guillain–Barré Syndrome Associated
with Zika Virus Infection in Colombia
Neuroviruses Emerging in the Americas Study (NEAS)

N Engl J Med 2016; 375:1513-1523.
B Parra, CA Pardo, et al

Para-infectious

N Engl J Med 2016; 375:1513-1523.
B Parra, CA Pardo, et al

Spinal fluid:
WBC:
0cells/ul
Protein:
164mg/dL

Ascending
quadriparesis

44 y.o. man

Fever
Headache
0

2

ICU

Death

Paresthesia

GBS outbreaks in Salvador, Brazil (green), and
Barranquilla, Colombia (blue), 2015–2016; Prognosis

OTI Cardiorrespiratory Arrest
Quadriplegia
and areflexia
Hospital Admission

GBS as a
parainfectious
disease with Zika

Mechanical ventilation
No neurological response

IVIg

4

6

+
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Zika Virus RT-PCR

-
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-

Anti-flavivirus IgM/IgG

+

+

Positive in serum
Negative in serum
+- Positive in CSF
- Negative in CSF
+ Positive in urine
- Negative in urine

-

14

38

40

42

44

46

48

50

+

N4.002: Neuroviruses Emerging in the Americas Study
(NEAS): The Colombian experience during the 2016
outbreak of Zika virus infection
Laura S. Muñoz ,et al. AAN Boston 2017

J Sejvar, et al., CDC, at WHO Geneva,
Switzerland; 27–28 February 2017
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Guillain-Barré Syndrome During Ongoing Zika Virus
Transmission — Puerto Rico January 1–July 31, 2016
GBS (56 cases) risk factors identified:

Zika virus disease cases reported to ArboNET
by states and territories— United States, 2016
(Provisional data as of May 10, 2017)
Symptomatic
disease
cases*
(N=36,079)

– acute illness within the previous 2 months
– any laboratory evidence of Zika virus infection
– acute Zika virus infection confirmed by RT-PCR.

Presumptive viremic
blood
donors†
(N=322)

Territories

No.

(%)

No.

(%)

American
Samoa

129

(<1)

0

(0)

Puerto Rico

34,963

(97)

322

(100)

U.S. Virgin
Islands

987

(3)

0

(0)

Centers for Disease Control and Prevention
Dirlikov E, Major CG, Mayshack M, et al. MMWR Morb Mortal Wkly Rep. 2016;65(34):910-914

ZIKV & GBS in Puerto Rico

Zika Virus Meningoencephalitis
“An 81-year-old man was admitted to the intensive care unit 10 days after
he had been on a 4-week cruise in the area of New Caledonia,
Vanuatu, the Solomon Islands, and New Zealand.”

Acute Zika Virus Infection as a Risk
Factor for Guillain-Barré Syndrome in
Puerto Rico
April 2016 through December 2016;
evidence of a causal association
between Zika virus and GBS.
39 patients GBS from 9 hospitals
Two community controls were matched
to each Guillain-Barré Syndrome casepatient by age group and place of
residence

N Engl J Med 374;16 nejm.org April 21, 2016
“…positive result for ZIKV on reverse-transcriptase–polymerase-chain-reaction
assay of the CSF. ZIKV was grown in culture from the CSF”

Direct Infection

E Dirlikov et al. JAMA October 17, 2017 Volume 318, Number 15 1499

Guillaume Carteaux (Assistance Publique–Hôpitaux de Paris, Créteil, France) et al.

Acute myelitis due to Zika virus infection

Acute Disseminated ENCEPHALOMYELITIS FOLLOWING
DEFINITIVE ZIKA VIRUS INFECTION

15 y.o. girl

“18-year-old woman …had taken a trip in early
spring 2016 to the Dominican Republic… two weeks
latter…malaise, nausea, and a nonpruritic macular
rash of the trunk, legs, palms, and soles of the
feet….workup notable for a positive serum Zika PCR.
47 days following …. (myelopathy with) impairment of
fine touch, temperature, and pinprick from the T6
dermatome extending distally…and Babinski sign was
(present) on the left

Lancet 2016; 387: 1481
Guadeloupe, French West Indies

Direct Infection

CSF Zika PCR was negative, and immunoglobulin M
(IgM) levels were indeterminate. Repeat serum testing
performed for Zika virus PCR was negative, and the Zika
IgM value was equivocal.
W Roth, C Tyshkov, K Thakur, W Vargas
Columbia University, New York, NY.
Post-infectious
Neurol Neuroimmunol Neuroinflamm
2017;4:e349; doi: 10.1212/

“On day 2 … left-sided hemiparesis and pain worsened, and we noted loss of
temperature sensation below the T2 dermatome on the left and T4 on the right,
and bilateral Hoffman signs.”
“…detected high concentrations of Zika virus on specific real-time reverse
PCR in serum, urine, and cerebrospinal fluid on the second day of her admission
(9 days after symptom onset).”
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Neurologic Complications Associated
With the Zika Virus in Brazilian Adults

Postmortem Findings in Patient with Guillain‐Barré
Syndrome and Zika Virus Infection (Puerto Rico)

JAMA Neurol. 2017;74(10):1190-1198
IRF da Silva, et al for the RIO-GBS-ZIKV Research Group



GBS: 75% AIDP, 20% AMSAN
27 GBS
5 Encephalitis
2 Myelitis
Not all w Zika abs

Encephalitis
and AHC disease



GBS w root
enhancement

GBS w facial n
enhancement



• Surprising Zika
IgM in CSF and
serum suggesting
intrathecal
synthesis and
infection in GBS:
23/26 (88%)
• RT-PCR in CSF
insensitive



Brain examination showed occasional perivascular
lymphomononuclear cell infiltrates were also observed.
cranial nerve IV showed mononuclear lymphocytic infiltrate
and mild myelin loss, while sections of the sciatic nerve
showed inflammation‐associated myelin loss
spinal cord showed no substantial histopathologic findings.
neither RNA nor antigen for Zika virus in any autopsy
specimens tested (Zika virus RT‐PCR, cranial nerve VII, sciatic
nerve, and spinal cord including cauda equina; IHC, brain,
spinal cord, sciatic nerve)

Emilio Dirlikov , et al.
Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 24, No. 1, January 2018, 116

(Tyler, Roos. JAMA Neurol 2017;74:1169)

Conclusions/Controversies

Conclusions/Controversies

GBS outbreaks have been temporally and
epidemiologically linked to ZIKV occurring in
Polynesia, South and Central Americas, and the
Caribbean
GBS seems to be a parainfectious complication
of ZIKV
Whether GBS with ZIKV responds as well to IVIg
or PLEX as non-ZIKV GBS is unanswered
Outbreaks of GBS related to ZIKV may be
epidemiologically transient, but the future is
uncertain about an outbreak in the US

Encephalitis or myelitis are rare direct
infections of the CNS by ZIKV
Post-infectious ADEM can occur after ZIKV
infection
Rare direct anterior horn cell infection, like
other flaviviruses, by ZIKV occurs, but
direct proof is lacking from published
autopsied cases

Interpreting Zika MAC‐ELISA Test Results
CDC Updated: May 3, 2017

THANK YOU




CDC has recommended Zika IgM antibody capture
enzyme‐linked immunosorbent assay (Zika MAC‐ELISA)
for in vitro qualitative detection of human IgM
antibodies to Zika virus.
The Zika MAC‐ELISA is intended for use in serum of
individuals meeting CDC Zika clinical and/or
epidemiological criteria for testing in qualified
laboratories.

https://www.cdc.gov/zika/pdfs/interpreting‐zika‐mac‐elisa‐results.pdf
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Interpreting Zika MAC‐ELISA Test Results
CDC Updated: May 3, 2017






Zika and Dengue Serum Serology
Lab Interpretation
ZIKV MAC-ELISA vs. PRNT

It can also be used in cerebrospinal fluid (CSF) when
submitted with a patient‐matched serum sample.
MAC‐ELISA results are not definitive for diagnosis of
Zika virus infection.
False positive results may occur in some patients with
recent, closely‐related flavivirus infections, such as
dengue infections and in patients who have received
yellow fever or Japanese encephalitis vaccination

PRNT*

Zika or Dengue MAC-ELISA IgM
Positive (or equivocal)

Negative

Zika ≥ 10, dengue < 10

Recent ZIKV infection

Prior ZIKV infection

Dengue ≥ 10, Zika < 10

Recent dengue infection

Prior dengue
infection

Zika ≥ 10, dengue ≥ 10

Recent flavivirus
infection

Prior flavivirus
infection

* plaque reduction neutralization test (PRNT) negative for Zika and dengue is considered negative for prior exposure
to Zika or dengue virus

Interim Guidance for Interpretation of Zika Virus Antibody Test Results
Morbidity and Mortality Weekly Report / June 3, 2016 / 65(21)
http://www.cdc.gov/mmwr/volumes/65/wr/mm6521e1.htm

Centers for Disease Control and Prevention Fact sheet for healthcare providers:
interpreting Zika MAC-ELISA test results. https://www.cdc.gov
/Zika/pdfs/interpreting-zika-mac-elisa-results.pdf.

https://www.cdc.gov/zika/pdfs/interpreting‐zika‐mac‐elisa‐results.pdf
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MRI-GUIDED THERMAL ABLATION & RESPONSIVE NEUROSTIMULATION – MICHAEL R. SPERLING












Michael R. Sperling, M.D.
Thomas Jefferson University
Philadelphia, PA, USA



Objective of minimalist techniques is to reduce morbidity and
discomfort while achieving seizure relief
 Reduced neurological deficit and risk of other complications
Certain conditions, e.g., mesial temporal sclerosis, periventricular
nodular heterotopias, hypothalamic hamartomas may be treated
with greater safety than open resection
Seizure outcome
 Ideally achieve similar rates of seizure freedom as open surgery
 Might be willing to accept somewhat lower seizure free rates in
exchange for lower morbidity/risk/discomfort
 Always have the option to do additional open procedure if
minimally invasive technique fails



RADIOFREQUENCY
ABLATION

MRI‐GUIDED LASER
ABLATION

Thermistor controlled
Lesions performed without
visualization
 Larger transition zone







Transition zone in RF and
Cryo can be 5‐10 mm

Stereotactic ablation may achieve these aims
 Minimally invasive, laser interstitial thermal ablation fibroses tissue

rather than perforating it as with external laser
 Small tissue volume affected – can be precisely planned

Initially developed to treat movement disorders, broadened
to epilepsy
 Advent of advanced imaging techniques including image
guidance and thermal imaging with MRI


 Allowed for development of laser thermal ablation (radiofrequency

has been used for decades)
 Real time monitoring of tissue damage and monitoring of thermal

dose delivery with laser (unlike RF ablation)
 Laser allows targeting precision, conform ablation to the lesion

Sharp demarcation of
transition zones
 First patient (A,B) has
ablated hippocampus
with preserved
parahippocampal
gyrus
 Second patient (C,D)
has preserved
neocortex adjacent to
ablated
parahippocampal
gyrus


MRI thermometry control
Real‐time visualization of
ablation zone
 Narrow transition zone

MR‐guided laser ablation
transition can be <1 mm

Goal: abolish or palliate seizures
Usual rule – the more tissue removed, the greater the chance of
success; the more tissue removed, the greater the chance of
deficit
 It is desirable to minimize volume of tissue removed when
possible
 Resection size varies depending upon location and pathological
substrate
Can we identify some syndromes in which minimal
removal/ablation yields good/acceptable results?
Syndromes with low volume substrates might be ideal, e.g., small
dysplasias or malformations, mesial temporal sclerosis
 Extent of the epileptic network influences outcome

Courtesy R Gross

Willie et al. Neurosurgery 2014

56





Combines a 15W, 980 nm diode laser and saline
cooled laser applicator system with an image‐
processing workstation to provide real‐time MR
guided interstitial ablation
The MRI‐compatible laser applicator is 1.6 mm in
diameter







 Central 400‐μm‐core silica fiber optic applicator with a

light‐diffusing tip (overall diameter, 0.76 mm) and outer
flexible and light transmissive cooling sheath

Laser applicator
showing ports for
saline coolant
10 mm (top) and 3
mm (bottom) diffuser
tips and simulated
ablations zones
Optical fiber with
diffuser tip passes
through the central
channel; coolant
passes through the
outer channel
LaRiviere and Gross. Front Surg 2016

> 100° C
Vaporization of intra‐ and extra‐cellular
water. Rupture of cell membranes.

60° ‐ 100° C
Instant denaturation of proteins and
cellular components. Tissue
coagulation.

44° ‐ 59° C
Time‐dependent thermal damage. Thermal
denaturation of critical enzymes; cell death.

43° C
Temperature below which thermal damage
does not occur regardless of exposure time.
Courtesy R Gross






Time X Temp History
 Irreversible
Damage Zone
Estimate
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Hippocampal sclerosis
Hypothalamic hamartoma
Periventricular nodular heterotopia
Cortical dysplasia

Placement of fiber ‐ image confirmation

Target Area

Laser Fiber
Axial image

Ablation 1

Ablation 2
Fiber withdrawn 10mm

Test Dose
3W for 32 sec

Test Dose
3W for 52sec

Laser Doses
10W for 170 sec
12W for 63 sec

Laser Doses
10.35W for 158 sec
Irreversible Damage Estimate
16mm by 10mm

Irreversible Damage Estimate
19mm by 13mm
Final Images

Final Images

Animation – not in real‐time
Axial Visualase images

Animation – not in real‐time
Treatment Temperature Map

Irreversible Damage Estimate

Axial Visualase images
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Treatment Temperature Map

Irreversible Damage Estimate

Procedure verification
Target Area

Irreversible
Damage Estimate

Pre‐procedure

Visualase Image

Ablation

Post‐procedure

0 0 0 0 0 0 0
6 5 4 3 2 1

Percent

Axial images

6 months
12 months

1

2

3

4

Seizure Outcome Class

No of
Patients

MTS

Class 1

Class 2

Class 3

Class 4 % MTS
Seizure
Free

Willie 2014

13

9

6

0

3

4

6/9
(67%)

Waseem et al
2015

7

5

5

2

0

0

4/5
(80%)

Kang et al 2016

20

17

11

2

1

6

10/17
(59%)

Jermakowicz
2017

23

15

15

4

2

2

11/15
(73%)

Total

63

46

37
8
6
(58.7%) (12.7%) (9.5%)

12
(19%)

31
(67.4%)

Kang et al. Epilepsia 2016

Seizure
free

White arrows show
remaining tissue in
the mesial hippocampal
head in class IV
patients

Not
seizure
free
Courtesy C Wu

Ablation: red; amygdala: green; hippocampus: blue

Jermakowicz et al. Epilepsia 2017

59

Patient count of “Decliners” by cognitive measure and surgery type







SLAH: Preservation of expressive language (BNT, Vocab, COWA (controlled oral word
association), Animal naming)
ATL: All patients had decline in expressive language function and verbal memory
Statistically significantly fewer declines in the measure of word list memory ( CVLT) SLAH
Trend for preservation of object naming ( BNT) in the SLAH
More data needed
Courtesy J Tracy



Hematoma
Hemianopsia or quadrantanopsia
4th nerve palsy
3rd nerve palsy
Headache
Subdural hematoma (1)
Chemical meningitis (1)



Thermal ablation is a worthwhile treatment








McCracken et al Oper Neurosurg 2016









 Enough data exists to support its use

Seizure outcome is good, but how good? A study is
underway to assess this further in large prospective cohort
 What is optimal size of ablation? Are larger ablations
needed to improve outcome?
 What is the optimal target? Is the mesial hippocampal
head critical? Does this vary from one patient to the next?
 Cognitive morbidity appears less, especially for language
mediated skills – expected with sparing of neocortex
 Further study needed, comparison to ATL
 Other morbidity – cranial neuropathy, etc. need to be
defined


Study of thermal ablation in with well defined
mesial temporal lobe epilepsy to define outcome
and adverse events, 188 patients
Purpose: to establish epilepsy indication or thermal
ablation, determine efficacy and risks in well
defined population
Eligibility: history compatible with mTLE, MTS on
MRI, interictal and ictal EEG concordant with MRI,
lack of extrahippocampal pathology or symptoms

Thermal ablation is expected to have lower morbidity than
ATL but this remains to be established
 Much less discomfort and pain, shorter hospital stay (1 day vs. 3

days)
 Return to work in 2‐3 days
 Lower risk of infection

The perioperative course, period of disability, and discomfort
are much less than with ATL – this alone makes it a
worthwhile treatment option to discuss with patients
 Does lower morbidity warrant lower seizure free rates, if
rates are lower?
 Repeat ablation or ATL can be done as second procedure if
thermal ablation fails
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 Physician identifies
electrocorticographic activity
to be detected
 Detection settings specific to
that activity are programmed
 Detection and stimulation is
adjusted as needed
 Objective is to abort or
prevent seizures
 Hundreds to thousands of
daily stimulations

Suitable for patients with one
or two well localized seizure
foci
Cranially implanted stimulator
with 2 electrodes – 4 contacts
each – at “focus”
Device detects pre‐specified
EEG signal and delivers brief
electrical current (typically 200
msec)
Records and stores EEG
Requires frequent physician
visits, assessment of iEEG and
engineer input from
Neuropace

The median percent seizure reduction in the randomized blinded
controlled trial was 44% at 1 year and 53% at 2 years (p < 0.0001)
and ranged from 48% to 66% over postimplant years 3 through 6
in the long‐term study
 Improvements in quality of life were maintained (p < 0.05)
 In published data from randomized study, average patient
received ~1000 stimulations per day = 30,000 stimulations per
month, with average seizure frequency of 1.2 seizures per day


 Therefore, putative mechanism of terminating seizures is not the

Effect sustained for 5 years

mechanism by which this treatment works
 Stimulation appears to prevent seizures
Bergey et al. Neurology 2015

C. Heck et al. Epilepsia 2014. 55:432‐41

Rate of seizure freedom superior to the other stimulation methods

% of Subjects

50%
40%
30%

36.7%
23.0%

20%
10%
0%

≥ 3 Months
≥ 6 Months
One or More Seizure Free Periods
Data as of Nov 1, 2013

E Geller et al. Epilepsia 58:994, 2017

Bergey et al. Neurology 2015

61




E Geller et al. Epilepsia 58:994, 2017

E Geller et al. Epilepsia 58:994, 2017

B Jobst et al. Epilepsia 58:1005, 2017

B Jobst et al. Epilepsia 58:1005, 2017

Palliative treatment method with reasonable
efficacy
Effictiveness is probably not due to aborting
seizures but instead probably prevents seizures
 Frequent stimulation may prevent seizure initiation and

not require responsive mode
 Mechanism of action is unclear



Beneficial treatment, expensive, labor intensive
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SUBTYPES OF GENETIC GENERALIZED EPILEPSY
AND THEIR PROGNOSIS
Martin Holtkamp
Charité – Universitätsmedizin Berlin, Germany
Martin.Holtkamp@charite.de

The four generalized genetic epilepsy (GGE) / idiopathic generalized epilepsy (IGE)
subsyndromes, which may persist in adulthood, comprise childhood absence epilepsy
(CAE), juvenile absence epilepsy (JAE), juvenile myoclonic epilepsy (JME) and epilepsy with
grand mal seizures only (EGMO). There is ongoing debate as to whether these
subsyndromes represent different aspects of one neurobiological continuum or distinct
clinical entities. Long-term seizure prognosis is one relevant clinical feature of these
subsyndromes. We had the possibility to analyze outcome data of 258 such well-phenotyped
patients with a mean follow-up of more than 40 years. At the end of follow-up, more than
60% of patients were seizure-free at least for the last 5 years. There were no differences
between epilepsy subsyndromes. Pooling data of all patients, older age at follow-up was the
only independent predictor for terminal 5-year seizure freedom. In those patients who had
been withdrawn from antiepileptic drugs in the course of their disease, relapse rate was
lowest in JME (21%) and highest in JAE (67%). The findings of our cohort will be discussed
in the context of data from large series published by other groups.
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SUBTYPES OF GENERALIZED GENETIC EPILEPSY AND THEIR PROGNOSIS – MARTIN HOLTKAMP

Genetic generalized epilepsies & prognosis
Subtypes of generalized genetic epilepsy and their
prognosis
Terminology
>> ILAE epilepsy classification (2017)

14th

Annual Update Conference on Clinical Neurology &
Neurophysiology
Tuesday, February 20, 2018

>> “genetic” vs. “idiopathic”

Prognosis
Martin Holtkamp

>> long-term seizure outcome in GGE / IGE

Institute for Diagnostics of Epilepsy // Ev. Krankenhaus Königin Elisabeth Herzberge
Clinical und Experimental Epileptology // Department of Neurology // Charité –
Universitätsmedizin Berlin

>> factors associated with long-term outcome

Genetic generalized epilepsies & prognosis

ILAE classification of the epilepsies (2017)

Terminology
>> ILAE epilepsy classification (2017)
>> “genetic” vs. “idiopathic”

Prognosis
>> long-term seizure outcome in GGE / IGE
>> factors associated with long-term outcome

Scheffer et al. 2017 Epilepsia

Seizure type

Seizure type – generalized
“engaging bilateral networks from onset“
Fisher et al. 2017 Epilepsia

Scheffer et al. 2017 Epilepsia

Scheffer et al. 2017 Epilepsia
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Epilepsy type

Epilepsy type – frequency distribution

generalized
unknown

genetic

19%

23%

focal
58%
Scheffer et al. 2017 Epilepsia

King et al. 1998 Lancet

Epilepsy type – generalized

Etiology

„The diagnosis of generalized epilepsy is made
on clinical grounds, supported by the finding of
typical interictal EEG discharges.”
Scheffer et al. 2017 Epilepsia

Scheffer et al. 2017 Epilepsia

Etiology – genetic

Generalized genetic epilepsy syndromes

„[...] result[ing] directly from a known or
presumed genetic mutation in which seizures
are a core symptom of the disorder.”

Scheffer et al. 2017 Epilepsia

Scheffer et al. 2017 Epilepsia
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Generalized genetic epilepsy syndromes

Generalized genetic epilepsy syndromes

Idiopathic generalized epilepsies

Idiopathic generalized epilepsies

>> childhood absence epilepsy (CAE)

>> childhood absence epilepsy (CAE)

>> juvenile absence epilepsy (JAE)

>> juvenile absence epilepsy (JAE)

>> juvenile myoclonic epilepsy (JME)

>> juvenile myoclonic epilepsy (JME)

>> epilepsy with generalized tonic-clonic seizures alone (EGTCS)

>> epilepsy with generalized tonic-clonic seizures alone (EGTCS)

Other generalized genetic epilepsies (GGE)
>> myoclonic epilepsy in infancy
>> epilepsy with myoclonic absences
>> …
Scheffer et al. 2017 Epilepsia

Scheffer et al. 2017 Epilepsia; epilepsydiagnosis.org

Generalized genetic epilepsy syndromes

Idiopathic epilepsies and syndromes

Idiopathic generalized epilepsies

ILAE Commission for Classification and Terminology (1989)

>> childhood absence epilepsy (CAE)

>> “idiopathic” derived from “idios” = self, own, or personal

>> juvenile absence epilepsy (JAE)

>> no underlying cause other than possible hereditary predisposition

>> juvenile myoclonic epilepsy (JME)

>> defined by age-related onset, clinical and EEG characteristics,

>> epilepsy with generalized tonic-clonic seizures alone (EGTCS)

>> and presumed genetic etiology

Other generalized genetic epilepsies (GGE)
>> myoclonic epilepsy in infancy
>> epilepsy with myoclonic absences
>> …
Scheffer et al. 2017 Epilepsia; epilepsydiagnosis.org

ILAE Commission 1989 Epilepsia

Idiopathic epilepsies and syndromes

Idiopathic epilepsies and syndromes

ILAE Commission for Classification and Terminology (1989)

ILAE Commission for Classification and Terminology (2010)

>> “idiopathic” derived from “idios” = self, own, or personal

>> the term “idiopathic” took on various meanings, connotations,

>> no underlying cause other than possible hereditary predisposition

presumptions, conflating multiple concepts:

>> defined by age-related onset, clinical and EEG characteristics,

>> pharmacoresponsivity

>> and presumed genetic etiology

>> spontaneous remission
>> no accompanying conditions

“Idiopathic” = “benign”?

>> implication that ‘‘idiopathic’’ meant ‘‘benign’’ is discarded

>> idiopathic epilepsies = benign epilepsies (P. Genton)

>> concept of “genetic” should replace “idiopathic”

ILAE Commission 1989 Epilepsia; Genton 1999 Presse Med

Berg et al. 2010 Epilepsia
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Idiopathic epilepsies and syndromes

GGE  IGE

ILAE Commission for Classification and Terminology (2017)

Generalized genetic  idiopathic generalized epilepsies

>> “idiopathic” reflects genetic etiology without explicitly saying so

>> childhood absence epilepsy (CAE)

>> however, “genetic” may be wrongly interpreted as “inherited”

>> juvenile absence epilepsy (JAE)

>> “idiopathic” remains acceptable for CAE, JAE, JME, EGTCS

>> juvenile myoclonic epilepsy (JME)
>> epilepsy with generalized tonic-clonic seizures alone (EGTCS)

Scheffer et al. 2017 Epilepsia

Genetic generalized epilepsies & prognosis

Subtypes of generalized genetic epilepsy

Terminology

>> age at manifestation

>> ILAE epilepsy classification, 2017
>> “genetic” vs. “idiopathic”

Prognosis
>> long-term seizure outcome in GGE / IGE
>> factors associated with long-term outcome

Janz 2000 Clin Neurophysiol

Subtypes of generalized genetic epilepsy

Subtypes of generalized genetic epilepsy

Syndrome

Onset

Seizure types

Syndrome

Onset

Seizure types

>> CAE

age 2-12

absence (+ tonic-clonic)

>> CAE

age 2-12

absence (+ tonic-clonic)

>> JAE

age 8-20

absence (+ tonic-clonic)

>> JAE

age 8-20

absence (+ tonic-clonic)

>> JME

age 8-25

myoclonic (+ absence, tonic-clonic)

>> JME

age 8-25

myoclonic (+ absence, tonic-clonic)

>> EGTCS

age 5-40

tonic-clonic

>> EGTCS

age 5-40

tonic-clonic

ILAE / epilepsydiagnosis.org

ILAE / epilepsydiagnosis.org
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Subtypes of generalized genetic epilepsy

Subtypes of generalized genetic epilepsy

>> 6-year-old girl

>> 6-year-old girl

video

Subtypes of generalized genetic epilepsy

Subtypes of generalized genetic epilepsy

>> 14-year-old girl

>> 14-year-old girl

video

Subtypes of generalized genetic epilepsy

Subtypes of generalized genetic epilepsy

Syndrome

Onset

Seizure types

>> 14-year-old boy

>> CAE

age 2-12

absence (+ tonic-clonic)

>> JAE

age 8-20

absence (+ tonic-clonic)

>> JME

age 8-25

myoclonic (+ absence, tonic-clonic)

>> EGTCS

age 5-40

tonic-clonic

ILAE / epilepsydiagnosis.org
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Subtypes of generalized genetic epilepsy

Subtypes of generalized genetic epilepsy

>> 14-year-old boy

>> 23-year-old male patient

video

video

Long-term seizure outcome

Long-term seizure outcome

Different types of long-term studies

Different types of long-term studies

>> Prospective studies, incidence cohorts

>> Prospective studies, incidence cohorts

n

n

n
t

n

n

t2

t1

Long-term seizure outcome

Long-term seizure outcome – GGE

Different types of long-term studies

>> Prospective study, incidence cohort (Finland, n = 245)

>> Prospective studies, incidence cohorts

n

n
t1

n

t2

>> Retrospective studies, prevalence cohorts
n

n

t
Sillanpää et al. 2015 Epilepsia
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Long-term seizure outcome – CAE

Long-term seizure outcome – CAE

n = 72

n = 72

> 60 % remission
>> no seizures
>> no AED

Wirrell et al. 1996 Neurology

Wirrell et al. 1996 Neurology

Long-term seizure outcome – CAE / JAE

Long-term seizure outcome – GGE
Own study data
„Janz cohort“
Heidelberg / Berlin

Dieter Janz
(1920 – 2016)

n = 315 patients
follow-up
> 20 years

juvenile
absence
epilepsy

childhood
absence
epilepsy

terminal
2 years

juvenile
myoclonic
epilepsy

epilepsy with
gen. ton. clon.
seizures alone
EGTCS

CAE

JAE

JME

n = 82

n = 53

n = 66

n= 57

f/u 48 years

f/u 41 years

f/u 46 years

f/u 47 years

Trinka et al. 2004 J Neurol

Long-term seizure outcome – Janz cohort

Long-term seizure outcome – Janz cohort

Median age at first seizure
14 years

14 years

18 years

7 years

Vorderwülbecke et al. 2017 Epilepsia; Holtkamp et al. 2018 JNNP

Vorderwülbecke et al. 2017 Epilepsia; Holtkamp et al. 2018 JNNP
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Long-term seizure outcome – Janz cohort

Long-term seizure outcome – Janz cohort

Median age at end of follow-up

54 years

57 years

60 years

Median duration of follow-up

61 years
48 years

Vorderwülbecke et al. 2017 Epilepsia; Holtkamp et al. 2018 JNNP

41 years

46 years

47 years

Vorderwülbecke et al. 2017 Epilepsia; Holtkamp et al. 2018 JNNP

Long-term seizure outcome – CAE / JAE

Long-term seizure outcome – CAE / JAE

>> Retrospective study, prevalence cohort

n

n

t

Holtkamp et al. 2018 JNNP

Holtkamp et al. 2018 JNNP

Long-term seizure outcome – CAE / JAE

Long-term seizure outcome – CAE / JAE

terminal
2 years

Holtkamp et al. 2018 JNNP
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Trinka et al. 2004 J Neurol

Long-term seizure outcome – CAE / JAE

Long-term seizure outcome – CAE / JAE

Variable independently associated with 5-year terminal remission

Variable independently associated with 5-year terminal remission

>> age at follow-up (OR 1.07, 99%CI 1.02-1.12, p < 0.001)

>> age at follow-up (OR 1.07, 99%CI 1.02-1.12, p < 0.001)

Holtkamp et al. 2018 JNNP

Holtkamp et al. 2018 JNNP

Long-term seizure outcome – CAE / JAE

Long-term seizure outcome – CAE / JAE

AED withdrawn: 45 / 147 patients = 31%

AED withdrawn: 45 / 147 patients = 31%

>> 22 patients (49%) with seizure relapse

>> 22 patients (49%) with seizure relapse
50% recurrence
within 1 year

recurrence

years

recurrence
censored

seizure-free

seizure-free

censored

years

Vorderwülbecke et al. in preparation

Long-term seizure outcome – JME

Vorderwülbecke et al. in preparation

Long-term seizure outcome – JME

2014 Seizure

2014 Seizure

Variables associated with lack of remission
>> psychiatric disorder, thyroid disease

Baykan et al. 2008 Neurology

>> additional grand mal

Geithner et al. 2012 Epilepsia
Syvertsen et al. 2014 Seizure

>> additional absence seizures
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Senf et al. 2013 Neurology

Long-term seizure outcome – JME

Long-term seizure outcome – EGTCS

AED
withdrawn
n (%)

prior
seizure-free
years

seizure
recurrence
n (%)

Camfield
2008

18/23 (78)

?

12/18 (66)

Baykal
2009

8/48 (29)

?

?

Geithner
2012

9/31 (29)

15 ± 9

3/9 (33)

Senf
2013

14/66 (21)

12 ± 10

3/14 (21)

Syvertsen
2014

7/40 (18)

?

3/7 (43)

Epilepsy with grand mal on awakening
>> follow-up 40 ± 13 years (20 – 62)
>> 5-year terminal seizure remission: 26 / 42 patients = 62%
>> predictor for lacking 5-year terminal seizure remission
age at investigation: OR 0.939, 95% CI 0.887-0.954, p=0.029
Holtkamp et al. 2014 Ann Neurol

Long-term seizure outcome – EGTCS

Long-term seizure outcome – EGTCS

Epilepsy with grand mal on awakening

AED withdrawn: 19 / 42 patients = 45%

>> follow-up 40 ± 13 years (20 – 62)

>> 12 patients (63%) with seizure relapse

>> 5-year terminal seizure remission: 26 / 42 patients = 62%
>> predictor for lacking 5-year terminal seizure remission
age at investigation: OR 0.939, 95% CI 0.887-0.954, p=0.029
Holtkamp et al. 2014 Ann Neurol

Epilepsy with grand mal only
>> follow-up 22 ± 8 years (20 – 62)
>> terminal (20 ± 8 years) seizure remission: 27 / 36 patients = 75%
>> 33 / 36 patients (92%) AED withdrawal
6 / 33 (18%) relapse
Camfield & Camfield 2010 Epilepsy Behav

Holtkamp et al. 2014 Ann Neurol

Long-term seizure outcome – EGTCS

Long-term seizure outcome – Janz cohort

AED withdrawn: 19 / 42 patients = 45%
>> 12 patients (63%) with seizure relapse
50% relapse
after appr. 1 year

Vorderwülbecke et al. 2017 Epilepsia; Holtkamp et al. 2018 JNNP

Holtkamp et al. 2014 Ann Neurol
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Long-term seizure outcome – Janz cohort

Long-term seizure outcome – Janz cohort

Median terminal seizure remission
Median age at last seizure
5 years
44 years

38 years

6 years

12 years

8 years

47 years
43 years

Vorderwülbecke et al. 2017 Epilepsia; Holtkamp et al. 2018 JNNP

Vorderwülbecke et al. 2017 Epilepsia; Holtkamp et al. 2018 JNNP

Long-term seizure outcome – Janz cohort

Long-term seizure outcome – Janz cohort

CAE

CAE
22%

49%

49%

51%

29%

Vorderwülbecke et al. 2017 Epilepsia; Holtkamp et al. 2018 JNNP

Vorderwülbecke et al. 2017 Epilepsia; Holtkamp et al. 2018 JNNP

Long-term seizure outcome – Janz cohort
JAE

CAE
22%

Long-term seizure outcome – Janz cohort
JAE

CAE

9%

22%

43%

9%

43%

49%

49%
48%

48%

29%

29%

JME

EGTCS
14%

41%

45%

Vorderwülbecke et al. 2017 Epilepsia; Holtkamp et al. 2018 JNNP

16%
37%

47%

Vorderwülbecke et al. 2017 Epilepsia; Holtkamp et al. 2018 JNNP
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Long-term seizure outcome – Janz cohort

Special thanks to

>> Dieter Janz († 2016)
>> Andrea Kirschbaum
>> Alexander Kowski
>> Hannah Merkle
>> Philine Senf-Beckenbach
>> Bernd Vorderwülbecke

Vorderwülbecke et al. 2017 Epilepsia; Holtkamp et al. 2018 JNNP
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STRATIFIED MEDICINE IN EPILEPSY:
INTEGRATING GENETICS AND
POPULATION DATA INTO TREATMENT DECISIONS
Sara Eyal
Hebrew University, Israel
sarae@ekmd.huji.ac.il

Physicians have always practiced individualized and personalized medicine. However, more
recently, emphasis has shifted to targeted treatments on the basis of genetic and biomarker
characteristics that distinguish a given patient or patient population from other patients with
similar clinical presentations. Whereas the term 'personalized medicine' is used to describe
the focus on individual patients, 'stratified medicine' refers to the definition of population
subgroups based on estimates of their differences in disease susceptibility and prognosis, or
response to treatment. Specifically, the use of pharmacogenetics for guiding treatment
choices in individuals and populations may have advanced further for epilepsy than any
other area in neurology. However, despite the potential of precision and stratified
approaches to improve the cost-effectiveness of epilepsy treatment, there are major
challenges to their implementation.
This talk will describe the use of precision and stratified medicine in the field of epilepsy for
treatment selection, dose adjustment and prediction of adverse drug reactions, with a focus
on the Israeli population. Beyond established antiepileptic drugs, pharmacogenetics could be
relevant for treating patients with cannabinoids and other therapies.

76

ANTI-EPILEPTIC TREATMENT: WHEN TO START? WHEN TO STOP? – ILAN BLATT

Disclosures

Epilepsy treatment –
When to start, when to stop?





Ilan Blatt, M.D.
Sheba Medical Center, TelHashomer, Israel
Tel-Aviv University Sackler
Faculty of Medicine

Served as consultant for GSK,
Upsher-Smith, SAGE
Institution sponsorship of clinical trials
through Bial, Cyberonics, GSK,
Upsher-Smith, SK-Life Sciences,
SAGE and Eisai Pharmaceuticals.

Principle in clinical practice:
ANTIEPILEPTIC THERAPY:



WHEN TO START?

Treatment is initiated when the
potential for benefit
exceeds the potential for harm

First steps to consider
after a 1st seizure:

First steps to consider
after a 1st seizure:



Are we sure this is an epileptic seizure?



Is it an unprovoked sz?



Differential diagnosis includes:
– Syncope
– Movement disorders (tics, non-epileptic
myoclonus, paroxysmal dyskinesias)
– Sleep disorders - parasomnias:
somnambulism, RBD narcolepsy, cataplexy
– TIA (transient ischemic attack)
– Migraine aura
– Psychogenic disorders (conversion reaction,
dissociative states)



Provoked seizures:
–
–
–
–
–
–



Cardiovascular induced (reflex anoxic seizures)
Febrile convulsions
Alcohol / drug withdrawal
Substance abuse (cocaine, stimulants…)
Toxicity (drugs, poisons)
Metabolic abnormalities (hypoglycemia, hyponatremia…)

Acute symptomatic seizures:
– Early post-traumatic szs, stroke, encephalitis etc.
Annegers JF, Hauser WA, Lee JR, Rocca WA. Epilepsia 1995;36(4):331.

77

Next consideration
after a 1st unprovoked seizure:

Number of szs
and the risk of recurrence :
(Hauser et al., population-based study, NEJM 1998)



What is the likelihood of recurrence?



Single sz: 33%



What are the predictors?



Second sz: 73%



Third sz: 76%



74% were treated after the 1st seizure!

Metanalysis:
Sz recurrence after a first unprovoked sz

Seizure recurrence after a first
unprovoked seizure


Predictive factors with clear effect on risk:
– Abnormal EEG
• Epileptiform abnormalities: risk x 1.5 - 3
– Remote symptomatic sz: risk x 2
– Nocturnal sz: risk x 2

– 2 year recurrence rate without risk factors
24%.
– 2 year recurrence with 1 risk factor: 48%;
with 2 risk factors: 65%.
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Recurrence after a first unprovoked sz:
Prognostic factors for which data is inconclusive:

EEG and the risk of sz recurrence:









Epileptiform abnormalities associated with
X 2 risk of recurrence (1.6-2.6; Berg et al., 1991)
EEG sensitivity in predicting recurrence:
48%-61%
EEG specificity in predicting recurrence:
71%-91%
Sleep increases EEG sensitivity by ~25%
Performing EEG within 24 hours
increases sensitivity (51% compared with
34%; King et al., Lancet 1998)

– Age (children > adults?
Elderly > or < younger adults?
– Sz type (partial szs: independent risk
factor?)
– History of prior provoked szs (febrile szs:
risk factor in adults with 1st unprovoked sz,
not in children?)
– Family history of epilepsy (probably yes,
but small effect)

Other factors affecting the decision:
The impact of treatment on long-term prognosis:

Other factors affecting the decision:
The impact of treatment on long-term prognosis:




First Seizure Trial Group (Italy 1993)

Italian RCT, 1997: Long term follow-up
(Musicco, Beghi et al, Neurology 1997 Oct;49(4):991-8)

– n=397 (age range 2 - 70 years)
– patients seen within 7 days of first
witnessed GTCS, with or without partial
onset
– randomized to CBZ, PHT, PB, VPA or
nothing
– 36/204 treated, 75/193 untreated had
relapse

– Of the immediately-treated patients, 87% had
no szs for 1 year, 68% had no szs for 2 years
– Only slightly fewer initially-untreated patients (83%
and 60%) achieved these endpoints.
– Pts treated after the first seizure and those treated
after seizure relapse had the same probability of
achieving 1 and 2 seizure-free years.
– None of the variables that were prognostic
predictors of relapse, was significantly associated
with probability of having 1 or 2 yrs sz control.

–.

Metanalysis: Long-term sz recurrence,
Immediate vs. delayed treatment

Metanalysis: Short-term sz recurrence,
Immediate vs. delayed treatment

79

Other factors affecting the decision:
Adverse Effects of Antiepileptic Drugs






Antiepileptic drugs did not affect
overall mortality after a first
seizure: (RR 1.16; 95% CI 0.69 to
1.95, high quality evidence).





Adverse reactions are reported in 1/3 of
patients on chronic therapy (22% with
monotherapy)
Adverse events lead to treatment failure in
up to 36% of untreated or under-treated
Increasing dose (even in “therapeutic
range”) increases side effects
Greater susceptibility to side effects in
infants, elderly, hepatic or renal
abnormalities

Cochrane Database Syst Rev. 2016 May 6;(5):

Other factors affecting the decision:
Risk of AED adverse effects

Other factors affecting the decision:
Individual patient considerations

AAN Practice Parameter (Neurology 2003):
“The decision as to whether or not to treat
children and adolescents who have
experienced a first unprovoked seizure
must be based on a risk-benefit assessment,
that weighs the risk of having another seizure
against the risk of chronic AED therapy.
The decision should be individualized and
take into account both medical issues and
patient and family preference.”








Driving
Risky occupation
Pregnancy
Insurance and financial considerations
Social and cultural issues

The Single Seizure - To Treat or Not to Treat?
Conclusions







ANTIEPILEPTIC THERAPY:

Treatment of first seizure should not be
automatic
Many factors should be considered
Even in the presence of some risk factors
for recurrence, treatment may be deferred
Treatment encouraged for abnormal EEG
and underlying condition that increases risk

WHEN TO STOP?
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About 2/3 of patients with newly-diagnosed
epilepsy achieve seizure remission after
starting AED treatment:



Seizure free for 2 or more years:

Data from UK National General Practice
Study of Epilepsy



(Kwan and Brodie 2000)

•
•
•
•

86% of patients achieved a 3-year remission
68% of patients achieved a 5-year remission
over a 9-year period after initiation of
therapy



AED discontinuation is a valuable option in some pts
with epilepsy who have been sz-free for ≥2 years.



The Dilemma: to stop or continue
AED treatment

47% with 1st AED used in monotherapy
14% with 2nd AED used in monotherapy
3% with 2 AEDs used
64% total medical remission

Should antiepileptic drugs be
withdrawn in seizure-free patients?


The decision to withdraw medication
must be based on a balanced view of the
overall risk of seizure relapse, the factors
most likely to affect that risk, and the
medical, emotional and social
implications of treatment continuation
versus treatment withdrawal



A critical review of 28 studies
encompassing 4,571 pts (adults &
children):
Risk of sz relapse after AED
withdrawal:
– from 4 to 34% at 1 yr, 9 to 39% at 2
yrs in children.
– from 26 to 61% at 1 yr, 43 to 65% at
2 yrs in adults
Specchio & Beghi, CNS Drugs 2004;18:201-212

Actuarial percentage of seizure free patients
stopping treatment or continuing treatment.

MRC Prospective RCT




Medical Research Council Prospective Study
(1993):
½ randomized to continuing AED
½ randomized to slow taper
Patients:
–
–
–
–

N = 1013
85% were age >18
Sz free for 2-6 years
Most had mild epilepsy, 83% on monotherapy, typically
on low dose

Specchio, L M et al. J Neurol Neurosurg Psychiatry 2002;72:22-25
MRC Antiepileptic Drug Withdrawal Group, Lancet 1991,337:1175-1180
Copyright ©2002 BMJ Publishing Group Ltd.
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MRC Prospective RCT




MRC Prospective Study

Results: After 2 years from randomization:
– 22 % of those continuing AEDs had sz
recurrence
– 41 % of those withdrawing from AEDs
recurred



Results: After 5 years from randomization:
– 33 % of those continuing AEDs had sz
recurrence
– 48 % of those withdrawing from AEDs
recurred

The choice of continuing AEDs
does not guarantee a seizure-free future!

MRC Antiepileptic Drug Withdrawal Group, Lancet 1991,337:1175-1180

MRC Antiepileptic Drug Withdrawal Group, Lancet 1991,337:1175-1180

Risk Factors for Seizure Recurrence
after AED Withdrawal (MRC Study)
Risk factor

RR

95% CI

Partial seizures
Myoclonic seizures
Generalized tonic-clonic seizures
Seizure after start of treatment
Sz-free at withdrawal 3 - 5 years
Sz-free at withdrawal 5 - 10 yrs
Sz-free at withdrawal >10 yrs
>1 AED at withdrawal

2.51
1.85
3.40
1.57
0.67
0.47
0.27
1.79

1.00-6.30
1.09-3.12
1.48-7.84
1.10-2.24
0.48-0.93
0.32-0.69
0.48-0.95
1.34-2.39

MRC Score for Sz Recurrence Rate

MRC AED withdrawal Study Group,
BMJ 1993,306:1374-1378

MRC Antiepileptic Drug Withdrawal Group, Lancet 1991,337:1175-1180

Impact of sz-free duration before
discontinuation


Early vs. Late AED Withdrawal


In the Medical Research Council
Antiepileptic Drug (MRC AED)
Withdrawal Trial, the longer the sz-free
period before AED discontinuance, the
greater the chance of remaining sz free
after stopping therapy.





MRC Antiepileptic Drug Withdrawal Group, Lancet 1991,337:1175-1180
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Cochrane Database Systematic Review, 2001:
Early <2 yr, late > 2 yr, children & adults
7 eligible RCTs included, none in adults
Number needed to harm (expose an individual to a
higher risk of seizure relapse) = 10

Risk factor
Early AED withdrawal

RR
1.32

95% CI
1.02-1.70

Early AED withdrawal, partial szs
Early AED withdrawal, abnormal
EEG

1.52
1.67

0.95-2.41
0.93-3.00

Risk factors for sz recurrence












Chadwick about the Risk of AED
Discontinuation

Age <2 years or > 10 years at onset
Symptomatic focal epilepsy
Remote symptomatic etiology
Mental retardation, IQ < 70
History of status epilepticus
High sz frequency, prolonged period and
multiple drug trials before sz freedom
JME / history of myoclonus
Multiple sz types
EEG abnormalities
Previous failed discontinuation attempts



The analysis does not suggest that those who
accept this short-term risk, and unfortunately
suffer further szs, are in any way modifying their
probability of being in a long-term remission
several years after making the decision to
withdraw”.
Chadwick et al., Epilepsia 1997,38:1135-1136

EEG Abnormalities and the Risk of AED
Discontinuation


EEG
abnormalities
and the risk of
sz recurrence
after AED
discontinuation

Less important than several clinical
parameters (age of onset, symptomatic vs
idiopathic, duration of sz control etc.)



“Discontinuation of AEDs doubles the risk of szs
for a person in the shorter term, 1-2 years. It is
this short-term increased risk that pts have to
consider before making a decision about
discontinuing treatment.

Meta-analysis on the role of EEG:
– Only 5/15 studies individually showed
significant association
– Combined, risk ratio = 1.45 (CI 1.18-1.79)
for abnormal EEG

Continuum Life Learning Neurol 2010;16(3)

Berg et al., Neurology 1994

Risk of Death due to Recurrent Sz
Following Discontinuation of AEDs?
EEG
abnormalities
and the risk of
sz recurrence
after AED
discontinuation



3 largest population based studies in
children: 1777 pts followed 5-20 yrs after
diagnosis.
– 70% attempted to stop AEDs
– 4 pts died during follow-up (2 SE, 2 SUDEP),
none of them had stopped AEDs.



In the MRC study (1013 pts):
– 2 sz-related deaths
– Both: in pts randomized to continue AEDs

Continuum Life Learning Neurol 2010;16(3)

Camfield & Camfield, Epilepsia 2008,49(Suppl 9):25-28
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Uncontrolled Epilepsy Following
Discontinuation of AEDs in Sz-Free Pts?

Uncontrolled Epilepsy Following
Discontinuation of AEDs in Sz-Free Pts?


Results

Literature review of 14 observational
studies of AED discontinuation.





Objectives:



– Sz recurrence after discontinuation?
– Treatment outcome after re-institution of
AED treatment.



Mean sz recurrence rate:
34% (95% CI 27-43%)
Szs well-controlled after re-institution of AEDs
in 80% (95% CI 75-85%), after 1-9 yr follow-up.
In 19% sz control was suboptimal.
Associated factors:
– Symptomatic etiology, focal szs, cognitive deficit.

Schmidt & Loscher, Acta Neurol Scand 2005,111:291-300
Schmidt & Loscher, Acta Neurol Scand 2005,111:291-300

Risk of Uncontrolled Epilepsy Following
Discontinuation of AEDs


Risk of Status Epilepticus Following
Discontinuation of AEDs

Prospective population-based pediatric study
in Nova Scotia:




– 392 children with epilepsy (partial / GTCS) followed > 5 yrs.
– 72% became sz free on AEDs, attempted discontinuation
– 71% of them remained sz free, 29% had sz recurrence,
restarted AEDs
– 97% of them regained sz control
– Only 3% had persistent intractable szs






Status epilepticus?
Almost no information
Seizure-related injury?
Motor vehicle accidents?
Status epilepticus in 6/161 (4%) of
pediatric pts attempting discontinuation
(Peters et al., Neurology 1998,50(3):724-730)

This “nightmare” may also happen to sz-free pts who
remain on AEDs !
Camfield & Camfield, Neurology 2005,64:973-975

Consequences of AED Withdrawal:
A Randomized, Double-Blind Study






Consequences of AED Withdrawal:
Randomized, DB Study: Methods

Objective: assess the effects of AED
withdrawal on cognitive functions, seizure
relapse, HRQOL and EEG
Patients, sz-free for >2 yrs on AED
monotherapy, were recruited.
Controlled, prospective, randomized,
double-blinded withdrawal study lasting for
12 months, or until seizure relapse.







Lossius et al., Epilepsia 2008;49:455–463.

Pts were randomized to AED withdrawal
(n=79) and non-withdrawal (n=81) groups.
Clinical exam, neuropsychological testing,
EEG-recordings, MRI, assessments of
HRQOL.
Follow-up data on sz relapse collected
beyond the 12-month study period
(median 47 months).
Lossius et al., Epilepsia 2008;49:455–463.

84

Consequences of AED Withdrawal:
Randomized, DB Study: Results


Timing of relapse

Seizure relapse at 12 months occurred in
15% of the withdrawal group and 7% of the
non-withdrawal group
(RR 2.46; 95% CI: 0.85–7.08; p = 0.095).





The large majority of seizure relapses
occurred in the first 12 months.



The risk of seizure relapse thereafter
was very similar, especially after 2 years,
for the withdrawal and continued AED
treatment groups.

After withdrawal, overall sz relapse rates
were 27% after a median of 41 months off
AEDs.

Lossius et al., Epilepsia 2008;49:455–463.

Lossius et al., Epilepsia 2008;49:455–463.

Consequences of AED Withdrawal
for neurocognitive function

Rapid vs. Slow withdrawal of AEDs:
Cochrane Database Systemic Review, 2006


Objective: to quantify sz relapse risk after
rapid (≤3 mo) vs. slow (>3 mo) AED
tapering period, in adults and in children.



Results: only 1 RCT was found, in children,
weak methodology, 6 weeks vs. 9 months;
found no significant difference.



Unable to derive reliable conclusions
regarding the optimal rate of tapering.



Normal results for
all 15
neuropsychological
tests increased
significantly from
11% to 28% postwithdrawal !

Lossius et al., Epilepsia 2008;49:455–463.

Burden of chronic AED adverse effects
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Benefits Expected
from Stopping
AEDs:

Continuing AEDs exposes women
to teratogenic risks


Approximately 50% of all
pregnancies in the U.S. are
unplanned, and of these,
43% will end in abortion.



Relieving the burden of medication:



– Adverse effects which affect QOL
– Inconvenience, stress
– Costs
– Adolescents: impaired independence

Over 3 million women in
the U.S. each year
experience an
unplanned pregnancy.

Relieving the stigma of epilepsy
Feeling “cured”




Risks of AED Discontinuation

Physician – Patient Disagreement



Seizure recurrence may cause:





Loss of job / driver’s license
Risk of injury
Low risk of status epilepticus

In a study evaluating the risk levels
that pts and families are willing to
accept, to discontinue AED therapy:



20% of responders ready to accept a
75% recurrence risk, 25% chance for
success!




Gordon et al., Epilepsia 1996

Conclusions

MRC AED Withdrawal Study Group:
Patient Perspective




Only 8% of patients who failed
a trial of AED discontinuation
regretted having tried!







Jacoby et al., Epilepsia 1992
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Many seizure-free pts can discontinue AEDs
and remain sz-free
Rational selection of pts for AED
discontinuation should be done, based on
established risk factors
Sz relapse risks (such as 27% after a
median of 41 months off AEDs) are
acceptable to many pts, but not all
If we were to decide on AED initiation with
these sz risks we would certainly opt not to
start treatment!

Discontinuing AED Treatment:
Practical Points

Conclusions (cont.)




If sz relapse occurs, on re-introduction of
AED there is a very high likelihood of
regaining sz freedom.
Benefits of AED discontinuation include
prevention of chronic adverse effects of
AEDs, with positive effect on QOL.

 Discuss

pros and cons with patient / family.
one medication at a time.
 Avoid abrupt withdrawal of AED, but little
difference if tapering is over 6 weeks or
several months.
 Limit activities that could be dangerous if
seizure recurrence occurs during period of
AED withdrawal.
 Withdraw
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BASIC: TRANSCRANIAL COLOR-CODED DUPLEX SONOGRAPHY – STEPHAN J. SCHREIBER

Insonation planes
sagittal

Basic: Transcranial colorcoded sonography
P

A

axial
Prof. Dr. Stephan J. Schreiber
ste.schreiber@asklepios.com

coronal
1

TCCS allows to examine more vessel
segments confidently compared with TCD…

Insonation routes

transtemporal
transorbital

transforaminal

… considering bone structures, parenchyma,
ventricles, cisterns and other vessels

A2

ormal anatomy
variants
origin
course
segments
caliber
length

Transtemporal insonation
A1
C2

M1
M2

P1
SCA

axial planes

P2

C6
BA
V4
ICA
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cella media plane

Five transtemporal axial planes
3
2
1
4
5

1 midbrain, 2 thalamus, 3 cella media,
5 upper pons, 5 lower pons
Valdueza et al. 2008

M2-3, A3-4

midbrain plane

upper pontine plane

M1-2, A1-2, P1-2 & branches, C1-2, SCA, BA top

ICA-Siphon, OA, PCoA, M2, BA

thalamus plane

lower pontine plane

C5-6, BA

M2-3, P2-3 & branches, A2
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Structures for
orientation arteries

anterior coronal
plane

Transtemporal insonation

ICA (C1 – C5)

coronal planes
MCA (M1, M2)
ACA (A1)

bilateral carotis-T

two transtemporal coronal planes

temp. branch

M1
ICA
A1

A1
ICA
M1

anterior coronal plane

posterior coronal plane

Structure for
orientation arteries

posterior coronal
plane
ICA (C5 – C6)
distal/mid-BA
PCA (P1-P2)
SCA
C1-5, M 1-2 & temp. branch, A1

C6, BA, P1-2, SCA, AICA
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„Basilar-T“

pars cisternalis

C3

pars cavernosa

pars cisternalis
(C1-C2)
pars cavernosa
(C3-C5)
pars petrosa
(C6)

C5
C6

pars petrosa

PCA

pars cervicalis
BA
PCA

3 parts
6 segments

AChA
PCoA
OA

C1
C2
C4

B

ICA

M1

A1

Mod. Prometheus, 2006

ICA pars petrosa C6
M1

A1

AChA
PCoA
OA

pars cisternalis
C1
C2

C3

C4

Internal carotid artery (ICA)

Vertical segment
about 10 mm
Horizontal segment
about 20 mm

pars cavernosa
C5
C6
pars petrosa

Total length
25 – 35 mm

pars cervicalis
Mod. Prometheus, 2006

C6-ICA
axial plane

Different definition
of ICA segments
C7 in angiography
corresponds to
C1 in ultrasound

lower pons plane

Eggers el al. AJNR 2009
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ICA Siphon

ICA pars cavernosa C3 – C5

Variations

0 - 20
years

21 - 50
years

51 - 74
years

After leaving the
foramen lacerum vertical
course an lateral surface
of the sphenoid bone
(ganglionic segment C5)

Normal

100%

74%

41%

C6
pars petrosa

Part of the carotid
siphon (C3 – C4)

Omega

0%

24%

51%

pars cervicalis

Total length
30 – 50 mm

Loops &
coils

0%

2%

8%

M1

A1

AChA
PCoA
OA

pars cisternalis
C1
C2

C3

C4
pars cavernosa
C5

Mod. Prometheus, 2006

Huber 1982

ICA pars cisternalis C1 – C2
C5-ICA

A1

coronal plane

pars cisternalis
C1
C2

ant./post. coronal plane

M1
AChA
PCoA
OA

C3

C4
pars cavernosa
C5
C6
pars petrosa

pars cervicalis

Distal part of the ICA
siphons entering the
subarachnoid
compartment (C2-ICA)
OA originating at the
C2/C3-ICA junction
PCoA and AChA
merging from the
terminal ICA
(C1/2-ICA)

Mod. Prometheus, 2006

C1/2-ICA

C3/4-ICA

coronal plane

axial plane

anterior coronal plane

upper pons plane
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MCA

M1 diversion pattern

Adapted Huber 1982

Middle cerebral artery (MCA)
bifurcation

trifurcation

medial
bifurcation

early temp.
branch

48%
65%

43%
33%

3%
2%

6%
26%
Rogge el al, submitted

M4
pars corticalis

MCA

M3
pars opercularis

4
segments

M2
pars insularis
M1
pars horizontalis
MCA-Trifurcation

MCA

axial plane
• Often a regular course of the M1
segment
• Divergent definition of M1:
Anatomically (horizontal segment,
including main branches
Using TCCS (until ending of the
main stem)
• Elongations are common in the
elderly
• Hypoplasia is very rare (1-3%)
• Duplication is very rare (0.5-3%)
• M1 diameter: 2.7 mm (1.5-3.5)
• M1 length: 16 mm (5-24)

coronal plane
M2

M2

M1
A1
A1

Lang 2001, Huber 1982, Osborn 1999

ICA

An early MCA bifurcation may be missed in the axial plane
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coronal plane

A4
pars supracallosa

M1

A3
pars precallosa

temp. branch

A2
pars infracallosa

A1

ACA

A1
pars precommunicalis

4
segments

An early temporal branch is detected in the coronal plane

MCA

0 - 20

variants M1 course years

21 - 50
years

ACA

51 - 74
years

• High number of variations
• A1 asymmetry is often present

rising

71%

15%

• A1 diameter: 2.1 mm (0.8-3.8)

2%

• A1 length: 14 mm (8-19)
• A2 begins after the ACoA is
emitted

horizontal

28%

47%

• Seldom a common A2 trunk is
present

2%

• Both proximal A2 usually run
close together

descending

1%

38%

96%
Lang 2001, Huber 1982, Osborn 1999

Huber 1982

Anterior cerebral artery (ACA)
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ACA

0 - 20
years

21 - 50
years

51 - 74
years

horizontal &
mild rise

72%

69%

60%

P4
P3

POA

sharp rise

23%

3%

0%

P2

CA

5%

20%

25%

variants A1 course

descending

P1
P1

loops & coils

0%

8%

OTA

ATA

P2 P3

P4

15%
Huber 1982

PCA

P1-PCA
• Precommunicating
segment within the
interpeduncular cistern
• Fetal type: PCA directly
originates from the ICA
(15 %). A hypoplastic
P1-PCA is than often seen

Posterior cerebral artery (PCA)

• Diameter: 2.1 mm (0.7-3)
• Length 6 mm (3-9)
Lang 2001

PCA

• Perforating arteries

P2-PCA
• Within the ambiens
cistern (Note: anatomic
vs. sonographic [flow
direction] definition of P1)
• Low variations of P2
• Diameter: 2.3 mm (1.2-3)
• Length 28 mm (15- 46)
• Ventricular and cortical
branches (ATA / OTA)

Lang 2001

Schreiber et al. Cerebrovasc Dis 2007 (P)
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P2-PCA-prox

midbrain - upper pontine plane

midbrain plane
P2-p

ATA
ATA

P2-d
P3

P2-d

P2-p

P2-PCA-dist

OTA

CA

P1

POA

OTA

midbrain - upper pontine plane

thalamic plane

ATA
P2-p

OTA

P1

CA

P2-d

Calcarine artery during visual stimulation

P3-PCA
• Short course
• Starts within the
quadrigeminal cistern
• Rarely cortical branches
• A prominent pericallosal
artery may be present

P4-PCA
• Starts within the calcarine
fissure
• Diversion into the POA
and CA may start early or
late

41.6 ± 18.6 % diastolic flow velocity increase
Schreiber et al. Cerebrovasc Dis 2007 (P)
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Normal-type PCA
(normal P1-PCA starting from BA head)
fictive
PCoA

M1

Communicating arteries
Anterior communicating artery (ACoA)
Posterior communicating artery (PCoA)

P2

A1

P1

Anterior communicating artery (ACoA)

Normal type PCA
(with visible PCoA)

Development:
• In 58% single
• In >20% doubled
• Seldom net-like

PCoA

M1
P2

Length and diameter:
• Length: 0.1 - 3.0 mm
• Diameter: 1.0 - 3.0 mm
Yasargil 1984

P1

ACoA usually not detectable
Tao et al. 2006

Fetal-type PCA
(with a- or hypoplasia of P1-PCA)

Posterior communicating artery (PCoA)
Length and Diameter:
• Length: 14 mm (12-17)
Diameter: 1.2 mm (0.5-3.3)
Fetal-type PCA
• PCA directly originates from
the ICA (15%). In this cases
a hypoplastic P1 is often
present (PCoA > P1)
Note:
• PCoA is often elongated in
the elderly
• PCoA can be detected in
about 70% unilaterally and
30% bilaterally
Lang 2001

PCoA
M1
A1

Klötzsch 1996
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P2

Hoksbergen et al. Stroke 2000

Problem area: differentiation PCA / SCA

ACoA
A1

1%

OA
M1

P2

ICA

SCA
AICA
PICA
VA

P1

PCoA

4%

1%

16%

14%

45%

BA

29%
Normal

0%

Valerius 2004

Oscillation effect during insonation of PCA in fetal-type PCA

Note: differentiation PCA / SCA

Oscillation ICA-R ++ Oscillation VA-R

Oscillation ICA-L

Oscillation VA-L

Netter 1991

Prometheus 2006

Siemieniec et al. Cerebrovasc Dis 2006 (P)

anterior coronal plane

posterior coronal plane

Basilar artery (BA)
Superior cerebellar artery (SCA)

C1-5, M 1-2 & temp. branch, A1
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C6, BA, P1-2, SCA, AICA

„Basilar-T“ with SCA and PCA origin
in the posterior coronal plane
PCA

SCA

VA
PICA

BA
PCA

SCA

AICA
BA
SCA
PCA
Pade et al. Ultraschall Med 2010

BA / VA

Variants

Transforaminal
insonation
Elongations in the elderly

Two transforaminal axial planes
via forehead

Vertebral artery (VA)
Basilar artery (BA)

via nasion

Cerebellar arteries
Posterior inferior cerebellar artery (PICA)
Anterior inferior cerebellar artery (AICA)
Superior cerebellar artery (SCA)
VA (V3-4), PICA, BA (prox. & mid.), AICA
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Structures of orientation

BA

Foramen magnum & clivus

• Very constant vessel
• Length: 30 mm (20-40)
• Diameter: 3 mm (2.5-3.5)
• Elongations in the elderly

• Terminal ending
interpeduncular cistern: 90%
suprasellar cistern:
10%

Lang 1992

probe directed to nasion

V3-VA

V3-VA

V4-VA

probe directed to forehead

Basilar artery

confluens

PCA or
SCA
PCA

The length of the detectable
BA should be measured starting
at the confluens of both VAs

PCA

Common variants of the basilar artery

V4 signals should more or less correspond to the V2 signals

>>

left V4

right V4
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A combined transtemporal and transforaminal
approach allows complete basilar artery examination

Attention !

Transorbital
Insonation

BA confluens: mean 71 mm
(range: 58 – 82 mm)

Reduce insonation power

(FDA)
temporal-average intensity:

transtemporal: 18 ± 5 mm

< 50 mW/cm2
mechanical index:

MI < 0.23
thermal index:

TI < 1.0

transforaminal: 26 ± 8 mm

Short examination !

Pade et al. Ultraschall Med 2011

OA
Prometheus (mod.) 2006

• OA arises from C2/C3ICA mostly indurally

Transorbital
insonation

• Runs from the optic canal
to the orbital socket
• Diameter: 0.8 – 1.2 mm
• Seldom anastomosis with
the middle meningeal
artery

Transorbital insonation of OA

Ophthalmic artery (OA)
(Carotid siphon)
Central artery (and vein)
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ARTERIES TO GET
C5-C6-ICA
Siph-ICA (C3-4)
TICA (C1-2)
OA
PCoA
M1-M2-M3-MCA
A1-A2-A3-ACA

Schreiber et al. Ultrasound Med Biol 2006

V4-VA
BA
PICA
segments
AICA
SCA
P1-P2-P3-PCA
PCA cortical branches

>20

Transtemporal insonation of OA with ocular bulb oscillation

Central retinal artery and vein

ciliar
post. a.

central ret. a

Linear probe ≥ 7 MHz
OA

Reference Values
Vessel

Syst. FV

Diast. FV

± SD (cm/s)

± SD (cm/s)

Reference

C6-ICA

53 ± 14

25 ± 7

Own data

C3/C4-ICA

57 ± 17

25 ± 8

Own data

C1/C2-ICA

77 ± 21

OA (transorbital)
35 ± 10
OA (transtemporal) 33 ± 9

34 ± 10

Own data

14 ± 5
11 ± 4

Schreiber 2006
Schreiber 2006

M1-MCA *

108 ± 18

48 ± 8

Schöning 1993

A1-ACA *

91 ± 17

40 ± 8

Schöning 1993

V4-VA *

60 ± 16

27 ± 9

Schöning 1992

BA transforaminal
BA transtemporal

68 ± 13
39 ± 13

33 ± 8
19 ± 6

Own data
Own data

Own data

SCA

47 ± 12

P1-PCA

60 ± 14

28 ± 9

Own data

P2-PCA

63 ± 14

30 ± 10

Own data

PCoA

36 ± 15

n.r.

Klötzsch 1996

* after angle correction
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INTRACRANIAL STENOSIS – MAJOR FINDINGS, COLLATERALS – JOSÉ M. VALDUEZA

Intracranial
stenosis

Relevance of intracranial stenoses
major findings,
collaterals

José M. Valdueza
Neurological Centre
Segeberger Kliniken
Germany
Gorelick et al. Stroke, 2008

In Asian stroke patients, the prevalence of intracranial
stenosis is twice as high as the prevalence of
extracranial stenoses
Tan et al. J Clin Ultrasound, 2015

Relevance of intracranial stenoses

Measurement of intracranial stenoses
Stroke, 2011

DSA

Lumen diameter
reduction

CTA

30-49% - 50-69% - 70-99%

>>
MRA

“… in a Caucasian population 43.2 % of cases with fatal
stroke had a lumen reduction of at least 30 %”

hemodynamics

PSV
EDV
200

Caveat: inadequate
envelope curve

150
100

Vmean (correctly TAVmax: PSV + 2EDV / 3)

50
Normal laminar flow
Normal flow velocities

PSV: presents more precisely the degree of vessel
narrowing and is worldwide the preferential flow
parameter to assess vessel stenosis

Turbulent flow (loss of syst. window)
Raised flow velocities
(lumen reduction ≥ 20-30%)
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Five transtemporal axial planes

Graduation of intracranial stenoses
Main criterion:

3

focally raised velocity
(Vsyst. = PSV) (better than Vmean)

2
1
4

Minor criteria:

5

focal turbulence
focal jump of velocity within normal velocity range
side-to-side difference > 30 cm/s in M1 and P2/3

1 midbrain, 2 thalamus, 3 cella media,
4 upper pons, 5 lower pons
Valdueza et al. 2008

Stroke 1999

1 cm

< 50%
What about angle correction ?

(13-48%)

Angle correction may reduce the inaccuracy in flow velocity measurement
and may therefore allow better definition of intracranial stenosis

Only intrastenotic velocity parameter – No ICA

In a curved arterial segment however angle correction is difficult to apply.
Caveat: elongated vessels are the rule and not the exception in elderly patients
Angle correction should best be applied in the midpart of a straight
vessel segment of at least 1 cm. If not, the insonation angle should be
as small as possible and the highest measurable velocity should be
registered without correction

≥ 50%
(50-85%)

The depth of insonation should be noted

Spencer´s Curve

M1-MCA

M1-MCA

81/46 cm/s

54/19 cm/s

TOF:MRA

P1-PCA

Intrastenotic low flow velocities in a subtotal
proximal M1-MCA stenosis with a poststenotic
flow pattern distally in M2-MCA

M2-MCA

190/99 cm/s

A subtotal stenosis/near occlusion may show low/normal flow
velocities but than raised flow velocities in collaterals a/o a poststenotic
flow pattern in depending distal vessel segments are mandatory

16/9 cm/s

CE-MRA
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Hemodynamically relevant stenosis
(≥ 70%)

Poststenotic flow pattern
= Pulsus tardus et parvus, low resistance or blunted signal

reduced flow velocity
delayed systolic flow rise

Main criterion:

focally raised velocity (Vsyst) or
variable flow velocities and

(prolonged acceleration time)

raised diastolic flow
(reduced pulsatility)

poststenotic flow pattern downstream
and/or
raised velocities in collateral vessels

Prestenotic flow pattern
reduced flow velocity
normal systolic uprise
deceased diastolic flow

prestenotic flow pattern upstream

(increased pulsatility)

Collateral flow via LM PCA ( FV P1, P2, P3 ↑↑)

Corresponding signs in TOF-MRA

P1/2-PCA
M1-MCA stenosis

120 cm/s syst.

midbrain plane

P2/3-PCA

A reduced poststenotic vessel signal
intensity (arrowheads) indicates a
hemodynamic relevant stenosis and
also the risk of recurrent stroke
LM PCA activation
Leng et al. Plos One, 2013, Libeskind et al. Stroke 2014

Definition collateral flow via PCA

Stenosis

(leptomeningeal)

• Increased flow in ipsilateral P1 =
P2 PCA
- Ipsilat. ≥ contralat. P2 (> 30 %)1
- Vsyst. P2 ≥ 100 cm/s2

• Increased flow in ipsilateral cortical PCA
branches3
1Kim
3Frid

thalamic plane

Umera et al. AJNR, 2004

et al. Cerebrovasc Dis 2006, 2Kimura et al. Ultrasound Med Biol 2000
et al. Ultrasound Int Open 2015
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110 cm/s syst.

Baumgartner Stroke 1999

Valdueza et al. Neurosonology & N. of Stroke 2017

< 50 % 50-69 %

> 70 %

low

moderate

high

M1-2 MCA ≥ 155

≥ 220

≥ 220 cm/s or variable PSV with distal M1 / M2
poststenotic FP a/o raised PSV ipsilat. A1 or PCA

A1-2 ACA

≥ 120

≥ 155

≥ 155 cm/s or variable PSV with A2 poststenot. FP
a/o raised PSV ipsilat. M1 or contralat. A1

P1-3 PCA ≥ 100

≥ 145

≥ 145 cm/s or variable PSV with distal PCA
poststenot. FP a/o raised FV ipsilat. M1 or A1

BA

≥ 100

≥ 140

≥ 140 cm/s or variable PSV with distal BA / PCA
poststenot. FP a/o proximal BA prestenot. FP

V4-VA

≥ 90

≥ 120

≥ 120 cm/s or variable PSV with distal VA / BA
poststenot. FP a/o ipsilat. prox. VA prestenot. FP

C1-2 ICA

≥ 130

≥ 175

≥ 175 cm/s or variable PSV with M1 / A1 poststenot.
FP a/o cross-flow (ACoA) or raised PSV PCA

C3-6 ICA

≥ 90

≥ 120

≥ 120 cm/s or variable PSV with M1 / A1 poststenot.
FP a/o collaterals (ACoA, PCoA, OA or PCA)

In dilated vessels intracranial
stenoses may be overseen...

Potential pitfalls using TCCS

M1-MCA

32/11 cm/s
P2-PCA

Dilated vessels
30/12 cm/s

Severely calcified vessels
V4-VA

Stenosis in P1 and A1
…because of the generalized
low flow velocity level

24/10 cm/s

M1/A1/P2-3 (midbrain plane)
N= 102
Stroke 2011

sensitivity / specificity

>= 70% stenosis
MCA

- mean FV > 120 cm/s
- mean FV > 140 cm/s

71 % / 91 %
53 % / 96 %

C6 (lower pons plane)

ICA-Siph (upper pons plane)

- mean

FV > 120 cm/s 68 % / 95 %
and SPR ≥ 3 SPR = stenotic / prestenotic ratio

In patients with dilated vessels and low flow velocities
ratios (stenotic / prestenotic or stenotic / poststenotic)
may facilitate recognition of stenoses

Despite excellent MCA, ACA, PCA and even C6-ICA
visualization only spots of the ICA-Siph (arrowhead) are seen

Distribution of intracranial stenoses in symptomatic cases

P1-PCA and A1-ACA
stenoses may be not
detected or underestimated due to
collateral flow via the
communicating arteries
PCoA or ACoA
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Autopsy

CTA

CTA

CTA

TCCS

TCCS+

≥ 30%

≥ 30%

≥ 30%

≥ 50%

≥ 50%

≥ 50%

ICA

25%

10%

23%

7%

25,9%

n.c.

MCA

28%

16%

37%

22%

33,3%

48,4%

ACA

n.r.

6%

3%

0%

3,7%

4,2%

PCA

11%

26%

25%

8%

11,1%

29,5%

BA

24%

11%

4%

3%

11,1%

11,6%

VA

12%

30%

9%

1%

14,8%

6,5%

N=

339

786

652

652

195

292

Author

Mazighi

Homburg

Ovesen

Ovesen

v. Weitzel-M.

Viaro

Year

2008

2011

2013

2013

2012

2012

Recommended proceeding with TCCS
• Start at the presumably non-affected side
• The highest velocity are searched for and
documented as well as the insonation depth.
Sometimes, the maximum flow velocity within a
turbulence may be obtained by only slightly
adjusting the probe searching for the loudest
Doppler signal (the examiner will be acoustically
guided like in the “blind” TCD method)
• The proximal and (more important) the distal vessel
segments of a stenosis should be evaluated
• Also, potential collateral pathways should be
considered and documented if present

MCA stenosis

Try to distinguish following locations
•M1: proximal, middle, distal
•M2: proximal, distal
•M3

intrastenotic

Proximal M1-MCA
stenosis ≥ 70%

Proximal M2-MCA
stenosis ≥ 50%

M1-MCA

FV: 380/225 cm/s

M1 73/39 cm/s

poststenotic

M2-MCA
AT: 144 ms
poststenotic

M2 225/122 cm/s
PI: 0.64

C1/2-ICA stenosis ≥ 70%
Despite only mildly increased PSV because of cross-flow

ICA stenosis

Try to distinguish following locations
•C1/2 (carotid T)
•C3/4 (carotid siphon)
•C5/6 (ganglionic/petrosal segment)

C1/2: 161/98 cm/s (coronal plane)

M1: 69/39 cm/s (axial plane)
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C2/3-ICA stenosis
≥ 50%

axial planes

C6-ICA stenosis ≥ 70%
Ipsilat. M1 poststenotic FP
50 mm (mid M1): 111 cm/s syst.

M1-R: 63/25 cm/s

M1-L: 39/14 cm/s

C6-R: 43/18 cm/s

C6-L: 141/55 cm/s

58 mm (prox. M1): 141 cm/s syst.

62 mm (C2/3-ICA): 300 cm/s syst.

A1-ACA stenosis
According to PSV ~ 50%
According to DSA ≥ 70%

ACA stenosis
A1: 116/36 cm/s (axial plane)
Try to distinguish following locations
•A1
•A2

A1-ACA stenosis ≥ 70%
Underrated because of assumed collateral flow via ACoA

midbrain plane

Proximal P2-PCA
stenosis ≥ 70%

PCA stenosis
298/151 cm/s
thalamic plane

Try to distinguish following locations
•P1
•P2: proximal (red), distal (blue coded)
•P3

Ipsilat. distal P2
thalamic plane

Contralat. distal P2
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Two transforaminal axial planes
via forehead
via nasion

BA stenosis

Try to distinguish following locations
•proximal, middle, distal
Usual BA length 3 cm, usual site of
stenosis within the first 2 cm

Proximal BA stenosis ≥ 70%
V4

V4

V4

V4

BA

V4

V4

VA stenosis

BA

BA

PCA: poststenotic flow pattern

Try to distinguish following locations
•V4 proximal (pre PICA segment)
•V4 distal (post PICA segment ~ “V5”)

BA 286/74 cm/s

Distal V4 stenosis ≥ 50%

7th Transcranial Duplexsonography Course Berlin

PICA
25./26. May 2018

2017

thank you for your
attention
jose.valdueza@segebergerkliniken.de

173/70 cm/s
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ULTRASOUND OF PERIPHERAL NERVES – STEPHAN J. SCHREIBER

Ultrasound of
peripheral nerves

Why?
Prof. Dr. Stephan J. Schreiber
ste.schreiber@asklepios.com

Paresthesia right
forearm after cubital
blood sampling in
hospital
N. cutaneus antebrachii
lateralis

https://commons.wikimedia.org/w/index.php?curid=541668

1

Old or new ?

How?
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Large or small ?

Image quality - hardware
resolution
fine

frequency

Eindringtiefe

22 MHz

frequency > 12 MHz
axial resolution
= 250µm

rough

5 MHz

Image quality - hardware
resolution
fine

frequency

depth

22 MHz

low

distal N. medianus, ulnaris, radialis

rough
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5 MHz

high

Image quality - hardware
resolution
fine

frequency

Image quality - software

depth

22 MHz

•
•
•
•

low

Fokus zones
Compound imaging
Tissue harmonic imaging
High resolution imaging

N. ischiadicus, Plexus brachialis
rough

5 MHz

high
Atlas of peripheral Nerve Ultrasound

Ultrasound of peripheral nerves
What has to be considered?
•

Suitable system with US frequencies >15 MHz
and modi for B-mode contrast optimisation

•

Adjust the B-mode image of the system

•

Knowledge of the special anatomy and
sonographic features of peripheral nerves

•
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Patient and sonographer in relaxed position

CTS

Clinical application:
- Trauma (median, ulnar, radial nerve)
- Compression (CTS, SUS)
CSA > 10mm²
(87%, 82%)
CSA > 12mm²
(50%, 100%)

Propek et al.

SUS

CSA >8 mm2
(74%, 72%)
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left

Meralgia Parästhetica

Supinator Syndrome

left

Lateral cutaneus femoral nerve

Clinical application:
- Compression
- Trauma
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Trauma:
chain saw accident
1 years ago
microchirurgical
median nerve repair
Question:
preserved nerve
continuity?

New
applications?

Morphological evaluation of
peripheral nerves
- cross-sectional area absolut

Gallardo et al 2015
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Morphological evaluation of
peripheral nerves

Vergrößerter
Bindegewebsanteil

hypoechogen
vergrößerte
Wurzel

- cross-sectional area absolut
- analysis of fascicular morphology

Normaler
Querschnitt,
Faszikelschwellung

Gallardo et al 2015

Morphological evaluation of
peripheral nerves

Intra- and internerv CSA
variability

- cross-sectional area absolut
- analysis of fascicular morphology
- cross-sectional area ratio

CSAmax / CSAmin

intranerve-Ratio

internerve-Ratio

adaptiert nach Padua et al 2012

Morphological evaluation of
peripheral nerves
-

cross-sectional area absolut
analysis of fascicular morphology
cross-sectional area ratio
pattern recognition

Pattern 1

116

?
Pattern 2

Hereditary Polyneuropathy
CMT 1A
Enlarged cross-sectional areas of:
- Peripheral nerves
- Brachial Plexus
- Nerve roots
Pattern:
- uniform homogenous over the whole
nerve lenght
- Nerve thickness correlates invers with
nerve conduction velocities and amplitudes

Pattern 3

Gallardo et al 2015

Baert AL et al. Springer 2008

Hereditary Polyneuropathy
HNPP
Enlarged cross-sectional areas of:
- Typical compression sites
Pattern:
- Discontinuing, focal
Nerve thickness does not always
correlate well with the
electrophysiology
Gallardo et al 2015
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Taniguchi,et al 2000

Taniguchi,et al 2000

Inflammatory Polyneuropathy
CIDP

CIDP

Enlarged cross-sectional areas of:
- Typical compression sites and
- „non compression“ sites
- Nerve roots
- N. vagus
Pattern:
- - Discontinuing, focal
Nerve thickness does not always
correlate well with the
electrophysiology

Gallardo et al 2015

Guillain-BarréSyndrom
Syndrome
Guillain-Barré

Gallardo et al 2015

Guillain-Barré Syndrome

27 patients – 31 controls

Enlarged cross-sectional areas of:
- Nerve roots
- Peripheral Nerves only 9%
Pattern:
- focal

Grimm et al 2015

Gallardo et al 2015
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S1

MMN vs. ALS

Polyneuropathies
- Hereditary:
CMT 1A, HNPP

- Immune mediated:
CIDP, MADSAM, MMN, GBS, vasculitis

- Infectious:
Lepra

- Metabolic:
Diabetes

- Toxic:
after chemotherapy
Loewenbrück KF, 2015

Take home message:
Peripheral nerve ultrasound is useful in:
Compression
Trauma, iatrogenic nerve lesions
postoperative conditions
Tumors
Anatomical variants
Polyneuropathies

= additional tool to anamnesis,
Neurostatus and electrophysiology
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MECHANICAL THROMBECTOMY IN PATIENTS
WITH NIHSS SCORE ≤9: A SINGLE-CENTRE EXPERIENCE
Nizar Horrany, Roni Eichel, Natan Bornstein,
Yaccouv Amsalem, Malek Abu Lafi
Shaare Zedek Medical Center, Israel
n.horrany@gmail.com

Background: The recent success of mechanical thrombectomy trials has resulted in a
significant change in management for patients presenting with stroke. However, it is still
unclear how to manage patients that present with acute stroke and low National Institutes of
Health Stroke Scale (NIHSS) ≤9. We reviewed our experience of mechanical thrombectomy
in patients with low NIHSS and confirmed acute intracranial vessel occlusion.
Methods: We retrospectively analyzed our p database of all patients undergoing mechanical
thrombectomy between Sep 2016 and October 2017. We identified 55 patients with
confirmed acute intracranial occlusion. 20 of them have a low NIHSS score (≤9). We collected
demographic, radiological, procedural and outcome data.
Results: The mean age of patients was 66.9 years, with 28 male patients. Associated medical
conditions were common with hypertension seen in 67.2%. Just over 36.3% presented with
NIHSS ≤9. In the group presenting with low NIHSS (≤9) 75% were discharged with modified
Rankin Scale (mRS) score 0–2 in the group with admission NIHSS >9 28.5% were discharged
with a mRS 0-2 (p=0.018). There was one death in the low NIHSS group versus four in the
higher NIHSS group.
Conclusions: Mechanical thrombectomy in patients with low NIHSS and proximal large
vessel occlusion is technically possible and carries a high probability of favorable outcome.
Patients with low NIHSS and confirmed occlusion should be considered for mechanical
thrombectomy.
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A NEW MODEL OF SOCIAL BEHAVIOR ASSESSMENT
AFTER STROKE IN RATS
Dmitry Natanel1, Alexander Zlotnik1, Julia Grinshpun1,
Honore Shiyntum2, Olena Severynovska2, Matthew Boyko1
1 Ben Gurion University of the Negev, Israel
2 Oles' Honchar Dnipro National University, Ukraine
dmitry.natanel@gmail.com

Introduction: Studies have shown up to 68% of patients experiencing significant work and
social dysfunction secondary to stroke, despite good motor and cognitive recovery.
Appropriate management of these sequelae is vital to optimize recovery, improve quality of
life, and return to work faster. The purpose of this study was to examine the social
behavioral patterns following stroke in a rat model via middle cerebral artery occlusion
(MCAO).
Methods: 30 Sprague-Dawley rats were randomly divided into two groups. One was used as
a sham-control while the second group was subjected to MCAO. The social exploration test,
clinch attack test, and attack latency test were performed at baseline and 4 weeks after
surgery. The following behaviors were evaluated: time spent in active and passive social
interactions; frequencies of aggressive, avoidance, and exploratory behaviors. Overall social
activities were scored as the sum of social investigation, contact, and play behavior
frequencies. Rats further underwent neurological assessment using a neurological severity
score (NSS) at baseline, 1 week and 4 weeks following stroke. Brain edema, infarcted zone,
and blood brain barrier breakdown was measured by MRI techniques.
Results: At the onset of the experiment there were no statistically significant differences
between groups for all social interaction parameters tested. At 1 month after MCAO, rats
showed a significant reduction in all three parameters tested. Post-stroke rats showed a
decrease in the time of social exploration (39.4 ± 8.5% vs. 100 ± 19.8%, p < 0.05), time of clinch
attack (47.14 ± 8.2%, p < 0.01), and in the time of attack latency ( 40.5 ± 9.4%, p < 0.05),
compared with their baseline values. Rats from control group did not show any significant
differences in these behaviors.
Conclusion: The simulation of stroke-related behavioral disturbances in pre-clinical rodent
models is a necessary for better understanding basic molecular and structural relationships,
and for the development of therapeutic approaches. Social behavior impairments have
received less attention in animal models of stroke and are recognized as a challenge. In this
study, we examined social behavior disturbances in a rat model of stroke with deficits seen
even 4 weeks after injury.
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A NOVEL MODEL OF MEMORY AND COGNITIVE IMPAIRMENT
ASSESSMENT AFTER STROKE IN RATS
Dmitry Natanel1, Alexander Zlotnik1, Olena Severynovska2,
Dmitry Frank1, Honore Shiyntum2, Matthew Boyko1
1 Ben Gurion University of Negev, Israel
2 Oles' Honchar Dnipro National University, Ukraine
dmitry.natanel@gmail.com

Introduction: Stroke is a leading cause of mortality and morbidity worldwide. Survivors of
stroke frequently suffer from motor deficits, cognitive impairments, and neuropsychiatric
complications that can result in disturbances in learning and special memory, impairing
quality of life. Cerebrovascular disease and dementia are closely linked. Dementia has been
described in about 30% of those with a history of stroke with a relative risk ranging from 3.6
to 5.8. The risk of dementia after stroke is high immediately after the insult and remains high
even 25 years later. The pathophysiology of post-stroke dementia remains elusive and
appears to be multifactorial rather than purely biological or psychosocial. Thus, valid animal
models would contribute to the study its etiology and treatment. This study describes a
novel rat model for post-stroke dementia using middle cerebral artery occlusion (MCAO).
Methods: 40 Sprague Dawley rats (weight 350–450 g) were randomly assigned to receive, or
as a sham-control. An MRI was performed 24hrs post-surgery to evaluate the severity of
brain injury by measuring brain edema, infarct zone and blood brain barrier breakdown. On
day 30 post-surgery the rats were introduced to the Barnes maze, an experimental tool to
measure spatial learning and memory. After three days of training, time spent finding the
escape box and the number of errors before finding the escape box was measured during two
trails.
Results: On day 4 of the Barnes maze, there was a significant increase in the time spent
finding the escape box and the number of errors before finding the escape box, during both
trials in the post-stroke rats (p<0.001). There was a significant increase in brain edema
(p<0.001), infarct zone (p<0.001), and blood brain barrier breakdown (p<0.001) in the poststroke rats compared to controls. Rats from control group did not show any significant
differences.
Conclusion: The findings of this study provide evidence that special learning and memory
impairments following cerebral ischemia in rats are demonstrable. Animal models of poststroke dementia may be useful in identifying the biological mechanisms underlying these
symptoms and the development of therapeutic interventions.
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THE ROLE OF HEMOFILTRATION IN LOWERING BLOOD
GLUTAMATE LEVELS IN CRITICALLY ILL PATIENTS
Dmitry Natanel1, Matthew Boyko1, Ruslan Kuts1,
Honore Shiyntum2, Alexander Zlotnik1, Evgeny Brotfain1
1 Ben Gurion University of the Negev, Israel
2 Oles' Honchar Dnipro National University, Ukraine
dmitry.natanel@gmail.com

Introduction: Excess concentrations of glutamate following acute and chronic brain insults
have been shown to play a well-established role in secondary brain damage, and are
associated with a poor neurological outcome. Previous studies have suggested that
hemodialysis and peritoneal dialysis may be effective in reducing blood glutamate levels;
however, these methods may not be viable for hemodynamically unstable patients.
Hemofiltration is associated with more a favorable hemodynamic profile, longer duration,
and less need for anticoagulation. This study examined whether blood glutamate
concentrations could be decreased in the peripheral blood via hemofiltration. A decrease in
blood glutamate levels could consequently increase the glutamate concentration gradient
between the brain fluid and blood, accelerating the rate of the well-established brain-toblood glutamate efflux.
Methods: Blood samples were taken from 10 critically ill patients immediately before
initiation of hemofiltration, and after 1, 2, 4, 6 and 12 hours, for a total of 6 blood samples.
Samples were sent for determination of glutamate, glutamate oxaloacetate transaminase
(GOT), glutamate pyruvate transaminase (GPT), hemoglobin, hematocrit, urea, creatinine,
glucose, sodium, potassium, platelet and white blood cell (WBC) levels.
Results: There was a statistically significant reduction in blood glutamate levels by 1 hour
after starting HF compared to baseline levels (p<0.05). Values continued to decline, reaching
significance at 4 and 6 hours after HF initiation (p<0.05). There was no difference in levels of
GOT or GPT.
Conclusions: This study demonstrates that glutamate can be cleared from the blood by
hemofiltration. This suggests a potential therapeutic role for hemofiltration in reducing
blood glutamate levels, especially in critically ill patients where hemodialysis and peritoneal
dialysis may be contraindicated.
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CHARACTERISTICS OF FUNCTIONAL NEUROLOGICAL
SYMPTOM DISORDER IN AN URBAN
ACADEMIC CHILDREN'S MEDICAL CENTER
Ayol Samuels, Daniel Patterson, Tali Tuvia,
Holly Briklin, Scott Shaffer, Audrey Walker
Albert Einstein College of Medicine/ Montefiore Medical Center, USA
asamuels@montefiore.org

Compared to the wealth of literature for adults, there is limited data on Functional
Neurological Symptom Disorder (FNSD) in the pediatric population. Most literature that is
available is limited to case reviews. Additionally, data collected is limited to outpatient and
ER settings.
We will present data from a review of thirty children and adolescents diagnosed with FNSD
in a pediatric hospital over the course of a year. Our study looks at various epidemiological,
medical, psychological, and phenomenological factors, including demographics, psychiatric
comorbidities, presence of other somatic symptoms, nature of neurologic symptoms,
presence and nature of stressors, level of impairment, and outcomes.
FNSD in the pediatric hospital setting, to our knowledge, has not yet been studied and is
important because it likely includes children with more severe symptomatology.
Additionally, no previous studies we are aware of have looked specifically at a low
socioeconomic status population in an urban setting, where resources are generally limited.
Creating a better profile of these patients can help with prevention and targeted treatment.
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DEVASTATING PSYCHIATRIC SEQUELAE OF KEPPRA:
A CASE REPORT
Ayol Samuels1, Nevine Ali2
1 Albert Einstein College of Medicine/ Montefiore Medical Center, USA
2 New York City Children's Center, USA
asamuels@montefiore.org

Keppra is a relatively new but widely used and effective antiepileptic medication. Its
deleterious effects on mood and behavior are becoming more widely accepted. In this poster,
I will review this literature as it pertains to both adults and children. I will then present a
dramatic case that highlights the effects of keppra on mood and the importance of taking this
potential complication seriously, especially in children and adolescents. The patient is a 17yo
girl who was admitted to the state psychiatric facility for severe mood dysregulation and
suicidality. She was hospitalized for many months and required almost daily manual
restraints and PRN medication. She was on Keppra 1000mgBID for presumed epilepsy.
Upon further history and record gathering as well as the witnessing of several seizure
episodes, it was determined that all of the patient's episodes were likely psychogenic nonepileptic seizures and, in coordination with her neurologist, the keppra was tapered. For two
months following the day keppra was discontinued, the patient required no restraints, no
PRN medications, and was noted by all staff to seem like a totally different person. On
further history, it became clear that her psychiatric symptoms started in tandem with
initiation of keppra. I will close with some of the questions that remain unanswered and
require further study in this area, such as how long after initiation are the effects usually
seen and which patients are most vulnerable to this effect.
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EEG PECULIARITIES IN PATIENTS
WITH POST-STROKE EPILEPSY
Anna Voitiuk1, T. Litovchenko1, T. Markova2, I. Malysheva2
1 Kharkiv Medical Academy of Postgraduate Education, Ukraine
2 Kharkiv Railway Clinical Hospital №1 of Branch of «HC» JSC «Ukrzaliznytsia», Ukraine
a-vojtyuk@mail.ru

Introduction: Cerebrovascular diseases are a common cause of symptomatic epilepsy.
Epileptic seizures (ES) can develop at different periods of a stroke. According to
classification, G. Barolin and E. Sherzer (1962) single out new-onset, early and late.
The purpose of this study is to analyze the clinical-neurological peculiarities in patients with
ES in the acute period of stroke.
Methods: The studies were based on the analysis of clinical symptoms and instrumental
studies. EEG, polysomnography, and MRI were used as screening methods.
Results: In a study of 150 patients aged 55-75 who had a stroke, 91 patients had early ES
followed by the development of post-stroke epilepsy (PSE). 40 (43.9%) patients had ischemic
stroke (IS), 51 (56.1%) had hemorrhagic stroke (HS). An MRI was performed and a
relationship was established between the location of the focus and the type of ES. Secondary
generalized seizures were observed in patients (n = 37, 92.5% - IS, n = 39, 76.5% - HS) with
localization of the focus in the temporal regions, simple (n = 2; 5% - IS) and complex (n = 12;
23.5% - HS) partial seizures - when the focus is in the frontal lobe. In the EEG study,
epiactivity was detected in 48%. In the background record, pronounced interhemispheric
asymmetry was observed, θ- and δ-rhythm dominated, subclinical rhythmic discharges of
adults (SREDAS) with a sudden onset, "acute waves" in temporal leads. Patients with
secondary generalized seizures were observed periodic lateralized epileptiform discharges
(PLED). A full record of EEG in a dream was obtained only in 7 patients (7.7%) because of
frequent insomnia. The EEG picture of NREM-sleep was characterized by disorganization:
the first phase was prolonged, the dream was superficial with frequent awakenings. In 3
(42.8%) patients, the delta-sleep stage was absent. The REM-sleep is not registered. Focal
epileptiform activity of the "acute-slow wave" type was observed in the front-temporal leads,
on the side of the post-stroke foci.
Conclusion: Post-stroke epilepsy has been found to have a number of clinical features,
characteristic EEG changes and specific conditions for their occurrence. Both hemorrhagic
and ischemic stroke are a factor in the development of early seizures and symptomatic
epilepsy in the future.
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NEUROPHYSIOLOGICAL FEATURES IN
PATIENTS WITH POST-TRAUMATIC EPILEPSY
A. Voitiuk1, T. Litovchenko1, T. Markova2
1 Kharkiv Medical Academy of Postgraduate Education
2 Kharkiv Railway Clinical Hospital #1 of Branch of «HC» JSC «Ukrzaliznytsia», Ukraine
a-vojtyuk@mail.ru

One of the most common causes of epilepsy is traumatic brain injury (TBI). From 11-20% the
posttraumatic epilepsy (PTE) develops after TBI. Moreover, seizures can occur immediately
after TBI and in the later and distant period.
The purpose of the study was a clinical-neurophysiological study of the PTE's characteristics
by evaluating the spatial organization of brain bioelectric activity.
In a study of 120 patients aged 18-55 years who had a TBI, 50 patients were diagnosed PTE.
Neurophysiological studies were performed in patients who have had at least of 2-3 attacks.
In 20 patients with PTE in the anamnesis there was repeated TBI in an amount of from 2 to 3
injuries of varying severity, consistent with published data that repeated trauma increases
the likelihood of developing PTE.
The debut of epilepsy after TBI varied in terms from 6 months to 5 years.
Focal (n=39, 78%) and generalized (n=11, 22%) seizures were characteristic for patients with
PTE.
All the patients had a clear correlation of seizures with TBI, confirmed by anamnesis and
neuroimaging (CT, MRI of the brain) data. In 15 patients with CT and MRI of the brain,
posttraumatic changes of a different nature were detected: posttraumatic cysts,
posttraumatic cicatricial atrophic changes, signs of posttraumatic encephalopathy and
hypertension syndrome.
After the EEG-study, patients mainly recorded alpha-rhythm of a sufficiently high amplitude
and the prevalence of alpha in all regions of the brain; theta and delta waves were recorded
without any clear sequence and had a sufficiently high amplitude. Regional differences are
smoothed or absent.
More than 20% of patients with PTE have negative EEG within the first three months after
TBI. There can be anomalies, beginning from simple delay of background activity before
existence of slow waves in the localized focus. At patients with direct attacks it is possible to
observe the sequence of the spayk entered in slow focal activity. At later stages EEG it can be
useful in forecasting of a possible recurrence of seizures.
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