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Klinische Wirksamkeit und Vertraglichkeit

von Rufinamid in der LGS-Langzeittherapie

Rufinamid (Inovelon®) ist seit Mai 2007 fiir die Zusatztherapie von Anfillen beim Lennox-Gastaut-Syndrom
(LGS) bei Erwachsenen und Kindern ab vier Jahren zugelassen. Wie die aktuellen Langzeitdaten der offenen
Verlangerungsstudie 022E zeigen, ermdglichte der Einsatz von Rufinamid eine dauerhafte Anfallsreduktion LGS-
assoziierter Anfallsformen Uber einen Zeitraum von bis zu 3 Jahren.

Unter LGS werden multiple Anfallstypen un-
terschiedlicher Atiologie zusammengefasst, die
durch haufige tonische und atonische Anfalle
(,Sturzanfalle") sowie atypische Absencen cha-
rakterisiert sind (1). Im EEG kénnen generalisierte
Entladungen mit langsamen Spike-Wave-Kom-
plexen auftreten. Die Langzeitprognose des LGS
als einer der schwersten epileptischen Enzephalo-
pathien ist ungiinstig: In der Regel erkranken die
Patienten bereits im friihen Kindesalter, ein GroB-
teil der Patienten zeigt mentale Entwicklungsdefi-
zite. Die hdufigen Sturzanfalle fiihren nicht selten
zu Verletzungen und ziehen eine weitere Beein-
trachtigung der Lebensqualitit nach sich (2). Pri-
madres Ziel der medikamentdsen Langzeitbehand-
lung ist daher die kontinuierliche Reduktion der
Anfallsfrequenz und -intensitat (3).

Erstes Antiepileptikum
mit Orphan Drug-Status

Mit Rufinamid (Inovelon®) wurde von der Euro-
paischen Zulassungsbehdrde (EMA) erstmals ein
Antiepileptikum mit dem Status eines ,orphan
drug” zugelassen: GemaB der europdischen Arz-
neimittelverordnung gegen seltene Erkrankungen
(,orphan diseases") gehort Rufinamid zu den der-
zeit 60 zugelassenen Arzneimitteln, welche bei
schwerwiegenden Erkrankungen indiziert sind,
die in der EU nicht haufiger als bei 5 von 10.000
Personen auftreten (Stand Juli 2010).

Rufinamid ist ein Triazolderivat, das sich struk-
turell von den bislang zugelassenen Antiepi-
leptika unterscheidet. Der Wirkstoff wird nach
oraler Gabe gut resorbiert und umfassend ver-
stoffwechselt, wobei der Anteil der resorbierten
Dosis auf mindestens 85% geschatzt wird (4).
Das Antiepileptikum wird nahezu ausschlieBlich
ber Metabolisierung eliminiert, wobei diese in
erster Linie Uber enzymatische Hydrolyse und nur
in geringem MaBe Uber das Cytochrom-P450-
System erfolgt. Im Tiermodell wurde dargestellt,
dass sich der inaktive Zustand der Natriumkanale
unter Rufinamid verlidngert (5). In der Folge ver-
ringerte sich die Entladungsfrequenz von natri-
umabhangigen Aktionspotenzialen.

Die klinische Wirksamkeit von Rufinamid in der
Zusatztherapie wurde in einer 84-tdgigen pla-
cebokontrollierten, randomisierten Doppelblind-
studie (Studie 022) bei 138 LGS-Patienten mit
unzureichend kontrollierten Anfallen untersucht
(6). Die Behandlung mit Rufinamid fiihrte dabei
zu einer signifikanten Abnahme der Frequenz

Abb. 1 Rufinamid im Langzeitverlauf: Responderraten und Anfallsfreiheit fiir alle Anfille
bzw. tonische/atonische Anfille wahrend der letzten 12 Therapiemonate (nach 7)
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von Sturzanfallen um 42,5% gegeniiber Placebo
(+1,4%, p<0,0001). Die Frequenz aller Anfalle
zeigte sich unter Rufinamid um durchschnittlich
32,7% gegeniber 11,7% unter Placebo signifi-
kant reduziert (p = 0,0015).

Hohe Wirksamkeit auch
im Langzeitverlauf bestatigt

Nach Abschluss der Doppelblindphase konnten
die Patienten in eine offene Verldngerungsphase
der Studie Gbergehen (n = 124) (7). Dabei wur-
den die Patienten im Alter von 4 bis 37 Jahren
fur eine mediane Dauer von 432 Tagen mit Rufi-
namid weiterbehandelt (Spanne: 10-1149 Tage).
Die mediane Rufinamid-Dosis lag bei 1800 mg/Tag
(52,9 mg/kg/Tag), wobei die Patienten bei Studie-
neintritt eine Begleittherapie mit 1-3 Antiepilep-
tika erhielten (7).

Das Ergebnis: Gegenlber den Ausgangswerten
zeigte sich die Anfallshdufigkeit aller LGS-asso-
ziierten Anfallsformen im Zeitverlauf von bis zu
drei Jahren zu allen Beobachtungszeitpunkten
reduziert.

Wie die weitere Auswertung der Langzeitdaten
ergab, zeigten dabei 47,9% der Patienten einen
Riickgang der Anfallsfrequenz um mindestens
50%, wahrend 30,8% der Patienten von einem
mindestens 75%igen Riickgang der Anfallsfre-
quenz profitierten - bezogen auf Sturzanfélle in-
nerhalb der letzten 12 Monate der Therapie; acht
Patienten (6,8%) erreichten in diesem Zeitraum
sogar Anfallsfreiheit (Abb. 1). Dabei wurde in den
ersten 6 Monaten der Rufinamid-Therapie bei na-
hezu der Hilfte der Patienten (47,5%) die antiepi-
leptische Begleittherapie reduziert (7).

B |GS-assoziierte Anfallsformen insgesamt
Tonische und atonische Anfille (,Sturzanfalle”)

23,8%

30,8%
6,8%
0%
=75% 100% (anfallsfrei)
Responderrate

Patienten ohne weitere kognitive
Beeintrachtigung

Die Zusatztherapie mit Rufinamid hatte sich in der
Doppelblindphase der Studie als gut vertrdglich
erwiesen. Insbesondere war dabei der fehlende ne-
gative Effekt auf die geistige Leistungsfahigkeit der
Patienten aufgefallen, was insbesondere in dieser
Gruppe von Patienten mit vielfach vorbestehender
mentaler Retardierung von groBer Bedeutung sein
kann. Die Inzidenz kognitiver oder psychiatrischer
Nebenwirkungen lag unterhalb des Placeboniveaus
(17,6% vs. 23,4%)(6). Die Auswertung der Verlange-
rungsphase der Studie zeigte bei weniger als 10%
der Patienten Therapieabbriiche aufgrund von uner-
wiinschten Arzneimittelwirkungen. Zu den haufigs-
ten Nebenwirkungen zahlten Erbrechen und Fieber.
GemaB dem Restimee der Studienautoren Kluger
et al. machen die aktuellen Langzeitdaten deutlich,
dass Wirksamkeit und Vertraglichkeit des Antiepi-
leptikums Uber die 12-wéchige Doppelblindphase
hinaus bis zu drei Jahre erhalten blieben und besté-
tigen somit den Nutzen von Rufinamid als langfris-
tig wirksame Zusatztherapie bei LGS-Patienten im
Kindes- und Erwachsenenalter.

Dr. Yuri Sankawa, Stuttgart
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Neuropadiatrie in Klinik und Praxis
im 10. Jahrgang

4 Neuropadiatrie

Die Zeitschrift ,Neuropadiatrie in Kli-
nik und Praxis" hat seit der Erscheinung
des ersten Heftes im April 2002 eine breite
Leserschaft gewonnen. Mit einer Auflage
von mehr als 1.500 Exemplaren pro Aus-
gabe, einer engagierten Schriftleitung, ei-
nem breitgefacherten Wissenschaftlichen
Beirat und einem traditionsreichen Verlag
hatte die Zeitschrift in den vergangenen
Jahren ein klares Ziel:

Einerseits sollte die aktuellen wissen-
schaftlichen Arbeiten aus dem Bereich
der Neuropadiatrie publiziert werden.
Andererseits sollte sie vor allem entspre-
chend den Ideen des Schmidt-Romhild-
Verlages Liibeck und der Schriftleitung
(PD Dr. Angela Kaindl, Berlin; Dr. Markus
Blankenburg, Datteln, Dr. Stefan J. Fried-
richsdorf, Minneapolis/St. Paul und Prof.
Dr. Fuat Aksu, Datteln) als eine echte in-
terdisziplindre Fort- und Weiterbildungs-
zeitschrift in der Neuropédiatrie und ih-
rer Grenzgebiete etabliert werden. Somit
wurden in den letzten Jahren neben den
Originalarbeiten zahlreiche Ubersichts-
arbeiten zu wichtigen Themen aus allen
Bereichen der Neuropéadiatrie und insbe-
sondere Kasuistiken mit Fort- und Wei-
terbildungscharakter verdffentlicht. Es ist
inzwischen Tradition geworden, die wich-
tigsten Posterbeitrage der Jahrestagungen
der Gesellschaft fiir Neuropadiatrie in der
Zeitschrift ,Neuropadiatrie in Klinik und
Praxis" zu publizieren. Nach Einstellung
der Publikation der Kongressbeitrdge in
den sog. blauen, sich in der Zwischenzeit
sehr bewdhrten Kongressbanden war dies
besonders notwendig geworden.

In den letzten Jahren wurde ich wie-
derholt von Kolleginnen und Kollegen an-
gesprochen, ob man in unserer Zeitschrift
auch auf Englisch publizieren kénnte.
Deshalb haben wir uns entschlossen, den
Autorinnen und Autoren aus dem In- und
Ausland - dhnlich wie bei der renommier-
ten deutschen padiatrischen Zeitschrift
.Klinische Padiatrie" - die Moglichkeit zu
geben, in unserer Zeitschrift auf Englisch
zu publizieren. Einen diesbeziiglichen An-
fang macht Dr. Stefan Friedrichsdorf,
Minneapolis, in diesem Heft mit der Pu-
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blikation von drei interessanten Manu-
skripten aus den USA. Wir werden aber
den bisherigen interdisziplindren und ab-
wechslungsreichen Fortbildungscharakter
der Zeitschrift mit Beitrdgen in deutscher
Sprache uneingeschriankt beibehalten.

Neuropadiatrie in Klinik und Praxis ist
weiterhin (iber das Internet als PDF-Datei
zugédnglich  (www.neuropédiatrie-online.
com), wobei die Beitrage, die alter als 1
Jahr sind, fiir die Allgemeinheit kostenlos
freigeschaltet werden. Durch gute Quali-
tat der Beitrdge, ein solides Erscheinungs-
bild sowie regelmaBige und piinktliche
Verdffentlichung wird sie weiterhin in
wichtigen Datenbanken (Deutsche Zent-
ralbibliothek fiir Medizin: www.zbmed.de;
Index Medicus: www.index-medicus.com;
LocatorPlus of National Library of Medici-
ne: http://locatorplus.gov) gelistet. Durch
die Aufnahme in die Liste wissenschaftli-
cher Journale mit Peer-Review-Verfahren
in AWMF streben wir seit November 2010
einen Impact-Faktor mit einer pauschalen
Bewertung von 0,2 an.

Schriftleitung, Wissenschaftlicher Bei-
rat und der Schmidt-Romhild Verlag Li-
beck wiinschen sich ein offenes Miteinan-
der und eine erfolgreiche Arbeit auch fiir
die kommenden Jahre. Die Schriftleitung
ist fur konstruktive Kritik und Hinweise
der Leserinnen und Leser sehr dankbar.

Uber die Mitglieder der Schriftleitung
und des wissenschaftlichen Beirates hin-
aus schulde ich besonderen Dank Herrn
Norbert Beleke und Herrn Hans-Jiirgen
Sperling, Verlagsgruppe Beleke, Essen,
bzw. Verlags- und Druckhaus Schmidt-
Romhild Liibeck, fur ihre stetige Forde-
rung unserer Zeitschrift. [

Datteln im Januar 2011

Prof. Dr. Fuat Aksu
Herausgeber



Palliative Care for Children
in Paediatric Neurology

"“Palliative care no longer means helping children die well, it means helping children and
their families to live well and then, when the time is certain, to help them die gently.”

Mattie Stepanek (1990-2007)

Only a few generations ago it was not
uncommon for infants and children to die
during their first years of life. Now, at the
beginning of the 21 century a child's
death has become a rare incident in the
developed world and children are living
longer with complex medical needs. Here
in the United States more than 86,000
children 0-17 years are currently living
with a life-limiting condition (Germany:
18,000), of whom more than a quarter
live with a neurodegenerative, neuromus-
cular, or metabolic disorder. More than
11,000 children (Germany: 5,500) die
each year of their condition. In many
instances the medical system still fails to
provide comprehensive, state of the art
palliative care to these children likely to
die before reaching adulthood. Pediatric
Palliative Care (PPC) provides solace for
infants, children and teenagers suffering
from a life-limiting condition regardless
of whether curative treatments succeed
or fail, many of which continue for years.

In two retrospective studies of bereaved
parents of 221 pediatric patients con-
ducted by Wolfe et al., the majority of dis-
tressing symptoms (such as pain, dyspnea
and nausea/vomiting) were not treated,
and when treated, therapy was commonly
ineffective. (1, 2) A dying child is often
highly symptomatic, and providing symp-
tom relief is one of the most compelling
imperatives of PPC. Importantly, Wolfe et
al. also found that earlier recognition by
both physicians and parents that the child
had no realistic chance of cure led to a
stronger emphasis on treatment to lessen
suffering and integrate PPC in pediatric
cancer patients. (3) Consequently, propo-
nents in the field urge that PPC be provid-
ed as an option early on — ideally at the
point of diagnosis or early in treatment.

| am very pleased, that the editors of
this prestigious journal have taken it upon
them to dedicate an issue to pediatric
palliative care in the non-communicative
neurologically ill child. As the guest edi-
tor it was my pleasure to invite three high
caliber authors to contribute to this issue
of Neuropadiatrie: Dr. Julie Hauer from

Neuropadiatrie

the Children's Hospital in Boston reviews
the pharmacological and integrative,
non-pharmacological treatment of persis-
tent pain and irritability in children with
neurological impairment. Non-communi-
cative children with episodes of pain/ir-
ritability are indeed among our most chal-
lenging patients and she leads us through
the management of somatic and neuro-
pathic pain, visceral hyperalgesia, feeding
intolerance and autonomic dystonia.

Dr. Elizabeth Gilles from the Children's
Hospitals and Clinics of Minnesota in Min-
neapolis/St. Paul discusses episodes of in-
consolibilty in children with developmen-
tal disabilities and weighs chronic pain
versus neuroirritability versus autonomic
dysfunction.

Dr. Audrey Foster-Barber from the
UCSF Benioff Children's Hospital in San
Francisco evaluates the pain and suffering
from seizures in the non-communicative
patient. She reviews characteristics of
these conditions which make pain be-
havior hard to interpret, and the distress
these events can cause in caregivers and
discusses both pharmacologic and non-
pharmacologic techniques to minimize
any seizure related pain and suffering.

It becomes clear that in children with
neurological impairment who present with
episodes of inconsolability a thorough
workup must be undertaken to rule out
somatic pain (Table 1). Until proven other-
wise, these episodes indeed may represent
pain and both integrative non-pharma-
cological and pharmacological therapies
must be trialed. First line medications
include paracetamol and non-steroidal
anti-inflammatory drugs (NSAIDs), often
with the addition of weak (tramadol) or
strong (including morphine, oxycodone,
hydromorphone, fentanyl, methadone)
plus adjuvant analgesia such as amitripty-
line, gabapentin and/or clonidine.

Persistent myths and misconceptions
have led to inadequate symptom control
in children with advanced neurological
and neurodegenerative disorders. An en-
during misconception is the belief that
in the management of pain and dyspnea,

10.Jg. (2011)Nr.1 5



Table 1: Somatic pain conditions in the neurologically impaired child (examples)

Head, Eyes, Ears, Nose Throat (HEENT) Headaches, VP shunt malformation, otitis, corneal abrasion, sinusitis, pharyngitis,

Musculoskeletal (MS)
Gastrointestinal (GI)
Renal

Pulmonology

Genito-urinary (GU)

opioids will hasten death and should only
be administered as a last resort. This was
contradicted in the adult literature, (4)
and our PPC team here in Minneapolis (5),
like many others worldwide, commonly
observes that administering opioids and/
or benzodiazepines, together with com-
fort care to relieve dyspnea and pain, not
only prolongs life but also improves the
child's quality of life.

A recently published groundbreaking
study was able to demonstrate that cancer
patients receiving palliative care early in
their illness may live longer and with bet-
ter quality of life, including decreased de-
pression. (6) An early palliative care inter-
vention (even from the point of diagnosis)
equals appropriate and beneficial treat-
ments, increased quality of life and may
in fact lead to prolonged life. The results
would appear to refute the notion that
palliative care means “giving up". Patients
received palliative care alongside their cu-
rative treatment. The results are not sur-

6 Neuropadiatrie

dental pain

Chronic/acute musculoskeletal pain, spasticity, hip dislocation, fracture, osteomyelitis

Gastro-esophageal reflux, esophagitis, pancreatitis, ulcer, gallstones

Urinary tract infection/pyelonephritis, nephrolitiasis

Aspiration, reactive airway, costochondritis

testicular/ovarian torsion, inguinal hernia

prising: Pediatric Palliative Care clinicians
regularly see these positive outcomes in
their patients with advanced neurological
conditions as well.
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Treatment of Persistent Pain and Irritability
in Children with Neurological Impairment

JULIE HAUER
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Abstract

Pain is a frequent and significant prob-
lem for children with neurological impair-
ment (NI). It is noted to occur at a high
rate in these children, with the highest
frequency and severity occurring in child-
ren with the greatest impairment. Despi-
te the significance of the problem, this
population remains vulnerable to lack of
recognition and treatment of pain. Pain
is often chronic, commonly attributed to
gastroesophageal reflux, spasticity, and
hip subluxation as examples. Many child-
ren will continue to have recurrent pain
episodes despite evaluation and treatment
of identified sources, being labeled with
various terms including neuro-irritabili-
ty, cerebral irritation, and "screaming of
unknown origin” Sources of pain include
somatic pain as a result of tissue injury
and inflammation and neuropathic pain
as a result of injury, dysfunction, or alte-
red excitability of the nervous system. In
addition, children with NI have associated
problems, such as spasticity, autonomic
dysfunction, and dystonia, which may be
considered sources of discomfort, may be
increased as a result of pain from a dif-
ferent source, or may have features that
are similar to pain behaviors. Knowledge
of these sources can help guide a step-
wise approach to empiric treatment. This
article provides evidence based systematic
guidelines to management of persistent
discomfort and irritability in these child-
ren. Interventions discussed include inte-
grative therapies and medications, inclu-
ding gabapentin, tricyclic antidepressants,
benzodiazepines and opioids. Awareness
of these sources of discomfort and dist-
ress in children with NI and the interven-
tions available will expand our ability to
improve comfort in this vulnerable group
of children.

Keywords

Children - neurological impairment -
pain - irritability

Behandlung der persistieren-
den Schmerzen und Irritabilitat
bei Kindern mit neurologischen
Storungen

Zusammenfassung

Schmerz ist hdufiges und signifikantes
Problem fiir Kinder mit neurologischem
Impairment (NI). In dieser Gruppe von Kin-
dern ist die Schmerzpréavalenz hoch und
Frequenz und Schwere korreliert positiv
mit dem Grad der Behinderung. Obwohl
ein signifikantes Problem, verbleibt diese
Gruppe aufgrund der fehlenden Erfassung
und Behandlung vulnerabel. Schmerz ist
haufig chronisch und nicht selten asso-
ziiert mit Pathologien wie gastrodsopha-
gealem Reflux, Spastik, oder dislozierter
Hiifte. Viele Kinder erleben wiederkeh-
rende Schmerzepisoden trotz Evaluation
und Behandlung der zugrunde liegenden
Erkrankungen und erhalten Diagnosen
wie Neuroirritabilitat, Zerebrale Irritation,
oder ,Schreien unklarer Genese". Schmerz-
ursachen beinhalten somatische Genese
als Ergebnis von Gewebeverletzung oder
Infektion, neuropathische Genese infolge
Verletzung oder Dysfunktion, oder ver-
anderte Exzitabilitat des ZNS. Kinder mit
NI haben zusatzlich assoziierte Probleme
wie z. B. Spastik, autonome Dysfunktion,
oder Dystonie, welche als Quelle von Un-
behagen angesehen werden kdnnen. Die-
se Symptome mdgen ausgepragter zutage
treten, wenn Schmerzen anderer Ursache
dazukommen oder haben eine Klinik, die
Schmerzepisoden ahnelt. Eine ausfiihr-
liche Evaluation flihrt zu einem empiri-
schen Stufentherapieschema. Dieser Ar-
tikel beschreibt evidenz-basierte Richtli-
nien in der Therapie von Schmerzen und
Irritabilitat in dieser Gruppe von Kindern.
Die Interventionen beinhalten sowohl
integrative Therapien wie auch Medika-
mente, wie Gabapentin, Trizyklische Anti-
depressiva, Benzodiazepine, und Opioide.
Das Erkennen der Ursachen von Unbeha-
gen und Distress in diesen Kindern mit NI
und mogliche Interventionen kénnen un-
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sere Therapieoptionen fiir diese vulnerable
Patientenpopulation erweitern.

Schliisselworter

Kinder - neurologisches Impairment -
Behinderung - Schmerz - Irritabilitat
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Introduction

Pain is a frequent and significant pro-
blem for children with neurological im-
pairment (NI)." Despite the significance
of the problem, this population remains
vulnerable to lack of recognition and
treatment of pain.> 80 Little has been
written to guide us in identifying pain
in nonverbal children with NI and less on
treatment strategies. Medical procedures
and surgery are assumed to be a frequent
source of pain in these children, yet only
6-8% of all pain episodes were attribu-
ted to these sources.>™ More commonly
pain is chronic, often attributed to gast-
roesophageal reflux (GER), spasticity, and
hip subluxation as examples."* ™ Many
continue to have recurrent pain episodes
despite evaluation and treatment of iden-
tified sources, being labeled with various
terms including neuro-irritability, cerebral
irritation, and "“screaming of unknown
origin".'?

The goal of this article is to summari-
ze a stepwise treatment plan for persis-
tent and recurrent features that suggest
pain in children with NI. Such treatment
is ultimately empiric and iterative given
the multiple potential sources that will be
reviewed and the lack of consistent loca-
lization in the nervous system. The infor-
mation in this article is relevant to a large
range of disorders. The child may have a
developmental label (cerebral palsy), have
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a known insult to the central nervous sys-
tem (hypoxic ischemic encephalopathy),
or have a medical disorder with associated
impairment of the central nervous system
(genetic disorder, congenital anomaly,
structural brain malformation, metabolic
disorder).

H.D. is a 3-year old boy with severe
NI as a result of an in-utero cytomega-
lovirus (CMV) infection. He develops con-
tinuous crying, pain that is localized to
the abdomen, and feeding intolerance.
Evaluation includes abdominal x-rays,
blood tests, pH probe, endoscopy, impe-
dance study, Meckel scan, renal ultra-
sound, lumbar puncture, and MRI, with
all studies negative except a head MR/
consistent with CMV infection. His sym-
ptoms persist despite treatment for con-
stipation, gastroesophageal reflux (GER),
and spasticity.

L.D. is an 18 month old with trisomy
13. He develops increasing irritability and
impaired sleep. As with H.D., his evalua-
tion is negative. He has no improvement
with treatment of constipation and GER.

D.G. is a 9 month old with hypoxic
ischemic encephalopathy secondary to
placental abruption at 32 weeks gesta-
tion. He is treated for GER and feeding
intolerance with vomiting. He is hospi-
talized with increasing episodes of vo-
miting, arching and stiffening, felt to be
a result of his GER. An EEG is negative
for seizures. He is continued on a hista-
mine-2 blocker and started on a proton
pump inhibitor and metoclopramide. His
diazepam dose is increased for the in-
creased stiffening. Despite placement
of a jejeunostomy tube (J-tube) and an
empiric trial of metronidazole for small
bowel bacterial overgrowth, he continu-
es to have continued arching, stiffening,
and vomiting. He is being considered for
a Nissen fundoplication. Consultation
identifies persistent crying and signs of
dysautonomia including intermittent ta-
chycardia, hypertension, sweating, and
facial flushing.

Children with NI experience pain
at a greater rate, intensity, and
duration

Pain is identified to occur at a high rate
in children with NI, with the highest fre-
quency and severity occurring in children
with the greatest impairment."” ® As an
example, pain was noted in 48% of the
ambulatory children with cerebral palsy
compared to a rate of 79% in the non-
walkers.? In those children with pain, it
was present in 94% for more than 1-year
yet only 520 were receiving treatment for
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pain. In addition, pain intensity in child-
ren with severe Nl is rated high (0-10 pain
scale, 0=no pain, 10=worst pain), with a
mean pain intensity of 6.1, average dura-
tion 6 hours, for all sources of non-acci-
dental pain compared to a mean intensity
of 3.8, average duration 46 minutes, from
accidental pain in the ambulatory group.?
The highest pain rating, with a mean in-
tensity of 8.7, was in those without an
identified source.

Identifying presence of pain
behaviors in nonverbal children
with NI

Pain is defined as an unpleasant sen-
sory and emotional experience associated
with actual or potential tissue damage.™
Behaviors associated with pain in nonver-
bal children with NI have been identified
in validated pain assessment tools.57 ™
" These features include: vocalizations
(crying, moaning), facial expression (gri-
macing), consolability, interactivity (with-
drawn), movement (increased movement
of extremities, restless), tone and postu-
re (arching, stiffening), and physiological
responses (diaphoresis and pallor). Core
pain behaviors are consistently identified
in this population yet each child will dis-
play a unique set of behaviors. This may
include idiosyncratic behaviors such as
laughing, blunted facial expression, and
appearing withdrawn." ™' This unique
and variable expression necessitates input
from a consistent care provider, often a
parent, with knowledge of a child's typi-
cal behavior patterns at baseline and in
response to painful and non-painful (such
as hunger) events.

Parents rate themselves as accurate at
detecting pain in their child yet consider
this an uncertain and complex process."
2 Pain assessment tools developed for as-
sessing nonverbal children with Nl include
the Revised-Face, Legs, Activity, Cry, Con-
solability (R-FLACC), Non-Communicating
Children's Pain Checklist-Revised (NCCPC-
R), and Paediatric Pain Profile (PPP).57 "
* The R-FLACC was developed from the
FLACC to include behaviors specific to
children with cognitive impairment and
allows parents to individualize by adding
behaviors specific to their child, an ad-
vantage for some children.'"* The PPP is
available to download at www.ppprofile.
org.uk following registration. Though pain
assessment tools cannot replace the input
of a parent or caregiver involved with the
child daily, these tools can supplement
this input and assist with monitoring by
assessing severity prior to an intervention
to treat pain.

10. Jg. (2011) Nr. 1

Sources of pain behaviors in
children with NI (Table 1)

Pain can be divided into somatic pain
as a result of tissue injury and inflammati-
on and neuropathic pain as a result of in-
jury, dysfunction, or altered excitability of
the nervous system. In addition, children
with NI have associated problems, such
as spasticity, autonomic dysfunction, and
dystonia, which may be considered sour-
ces of discomfort, may be increased as a
result of pain from a different source, or
may have features that are similar to pain
behaviors.

Neuropathic pain in children
with NI

Neuropathic pain is an important pain
source to consider in children with NI who
have unexplained persistent pain behavi-
ors. Hyperalgesia as a result of neuropa-
thic pain is suggested by the significant
intensity and duration of symptoms in
such children that were attributed to
“routine” problems such as teething with
an average pain intensity of 5.2 out of 10
and duration of 18.5 hours, and constipa-
tion with an average pain intensity of 6.2
and duration of 24.5 hours.?

Neuropathic pain is speculated to oc-
cur in children with NI as a result of re-
peated injury or surgery.’” In a case series
of six children with cerebral palsy, neu-
ropathic pain was identified following
multilevel orthopedic surgery.*® Neurolo-
gically impaired children with the highest
pain ratings were also identified to have
a significantly higher rate of surgical in-
terventions.” In addition, persistent pain
is reported in 10-50% of adults following
common surgeries, becoming severe in
2-10% of these patients, with iatroge-
nic neuropathic pain considered an im-
portant cause of long-term postsurgical
pain.”

Treatment of neuropathic pain

Gabapentin and tricyclic antidepres-
sants are considered first line therapy
for neuropathic pain.2? In daily pediatric
practice dealing with this patient popu-
lation opioids and non-steroidals such as
ibuprofen appear safe and effective. Se-
cond and third line recommendations for
adults include selective norepinephrine
reuptake inhibitors (duloxatine, venlafaxi-
ne), anticonvulsants (valproic acid, carba-
mazepine, phenytoin, lamotrigine), opio-
ids, N-methyl-D-aspartate (NMDA) recep-
tor antagonists, and cannabinoids.?* %



Table 1: Sources of pain behaviors and physical distress in children with NI

Somatic ® Treat source when
pain possible
® Intermittent pain medi-
cations (NSAIDs, trama-
dol, opioids)
Neuropa-  ® Gabapentin, Pregabalin
thic pain e Tricyclic antidepressants
Visceral hy- e Gabapentin, Pregabalin
peralgesia @ Tricyclic antidepressants
and Central
pain
Autonomic e Gabapentin, Pregabalin
dysfunc- ¢ Clonidine
tion ¢ Cyproheptadine
Retching ® GER: H, blockers, PPIs,
and vomi- sucralfate, erythromy-
ting cin, metoclopramide,
® Vomiting reflex: 5HT,,
5HT3, Hl, Ach, D2 recep-
tor antagonists
® Treatment directed at
visceral hyperalgesia,
central pain, dysauto-
nomia
Spasticity e Diazepam (short term

use recommended)**
¢ Tizanidine

Dev Med Child Neurol. 50(1): 68-70

*
4

Sources to consider in children with NI:
acute sources include fracture, urinary
tract infection, renal stones (associated
with the ketogenic diet and topiramate),
pancreatitis (associated with hypothermia*
and valproic acid); chronic sources include
spasticity, gastroesophageal reflex (GER),
hip pain, dental pain

Suggested by pain that appears out of
proportion to an identified source or pain
behaviors that develop weeks to months
following surgery

Suggested by pain and/or retching
associated with gastric and intestinal
feedings, intestinal gas, flatus, and bowel
movements

Suggested by sweating, increased
salivation, flushing or pallor of skin,
retching, vomiting, pain localized to the
abdomen, agitation, arching, stiffening

Caution when using metoclopramide
given risk of dystonic reactions and
non-specific irritability, especially with
chronic use

Spasticity and muscle spasms may incre-
ase as a result of other sources of pain
(both nociceptive and neuropathic)

Hauer JM. (2008) Central hypothermia as a cause of acute pancreatitis in children with neurodevelopmental impairment.

Delgado, MR, Hirtz D, Alsen M, et al. (2010) Practice Parameter: Pharmacologic treatment of spasticity in children and
adolescents with cerebral palsy (an evidence-based review): report of the Quality Standards Subcommittee of the Ameri-

can Academy of Neurology and the Practice Committee of the Child Neurology Society. Neurology. 74(4): 336-343

NSAIDs = non-steroidal anti-inflammatory drugs, PPl = proton pump inhibitor, 5HT = serotonin, H = histamine, Ach =

acetylcholine, D = dopamine

Central pain

Central pain is another recognized
source of neuropathic pain, best described
in adults with insults to the CNS such as
from multiple sclerosis or following a ce-
rebral vascular accident.?*?* Though histo-
rically referred to as thalamic pain syndro-
me, central pain is not limited to injury of
the thalamus.?® Central pain includes the
associated symptom of visceral pain, ex-
perienced as an exaggerated sensation of
painful fullness from bladder and visceral
distention.?” These visceral symptoms may
be relevant to children with NI as will be
described in the next section.

Visceral hyperalgesia as a source
of gastrointestinal pain in child-
ren with NI

Studies consistently identify “gastro-

intestinal” as one of the most frequent

sources of pain in children with NI despi-

te treatment of common sources such as

gastroesophageal reflux (GER) and consti-
pation.® Pain attributed to the gastroin-
testinal tract is also noted to have a high
pain intensity of 7.5 (from a 0-10 scale),
second only to pain of unknown cause.?
Other associations include significantly
higher rates of pain in children already
taking medications for GER or gastroin-
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testinal motility.* Higher levels of pain,
in response to the same degree of gast-
ric distention, were also identified fol-
lowing Nissen fundoplication.?® In additi-
on, parents of children with NI have also
reported an increase in pain symptoms
following placement of a gastrostomy
feeding tube.?®

Visceral hyperalgesia is an altered res-
ponse to visceral stimulation resulting in
a decreased threshold for pain activation
in response to such stimulus as distenti-
on and intraluminal pressure.®® Visceral
hyperalgesia was identified in 12 of 14
medically fragile children as the source of
persistent symptoms, despite treatment of
GER with medications and Nissen fundop-
lication.®® Tricyclic antidepressants, gaba-
pentin, cyproheptadine, and dicyclomine
were used based on evaluation results,
with 11 children reported as “better" or
"much better" and a decrease in the mean
number of retching episodes per day from
14 to 1.5. The authors speculate that re-
peated painful gastrointestinal experien-
ces during infancy contribute to sensitiza-
tion of visceral afferent pathways. Child-
ren with NI have an increased frequency
of such sensitization as a result of GER,
constipation, feeding tube placement and
anti-reflux surgery.®> 3%

Information that may suggest
visceral hyperalgesia and central
pain

Information in nonverbal children
with NI that may suggest visceral hy-
peralgesia, as well as the gastrointestinal
symptoms associated with central pain,
includes:

1) pain, retching and vomiting associa-
ted with gastrostomy tube feedings
suggesting decreased gastric volume
threshold to symptom generation

2) pain associated with intestinal gas and
jejunostomy tube feedings suggesting
pain with intestinal distention

3) pain associated with flatus and bowel
movements suggesting pain with colo-
nic distention, and

4) excessive response to a noxious stimu-
lus such as prolonged crying spells as-
sociated with GER.

Treatment of visceral hyperalge-
sia and central pain

Treatment of visceral hyperalgesia in-
cludes tricyclic antidepressants and ga-
bapentin®" 3 % Treatment for central
pain includes tricyclic antidepressants,
gabapentin, and lamotrigine, with lack of
benefit from carbamazepine.*%
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Autonomic dysfunction

Autonomic dysfunction is also referred
to as dysautonomia, autonomic storm,
sympathetic storm, and paroxysmal sym-
pathetic hyperactivity. In those able to
report symptoms, autonomic dysfunction
is a source of abdominal pain and gene-
ralized discomfort.’¢3¢ Features that may
suggest dysautonomia in children with
NI include: tachycardia or bradycardia;
hyperthermia or hypothermia; pallor,
flushing and redness of the face and body;
retching, vomiting, bowel dysmotility, and
constipation; urinary retention; abnormal
sweating; increased salivation; posturing
and agitation.

Features of dysautonomia overlap
with the behaviors associated with pain.
In addition, pain may be mediated or ac-
centuated by dysfunction of the autono-
mic nervous system. Treatment directed
at dysautonomia can improve comfort in
some and pain management can diminish
features of dysautonomia in others. Un-
fortunately, treatment of dysautonomia
in children with NI has been poorly stu-
died. Literature is limited to case reports,
predominantly in patients with hypoxic
and traumatic brain injury, with mixed
results for interventions including ben-
zodiazepines, clonidine, bromocriptine,
oral and intrathecal baclofen (ITB), beta
antagonists, and morphine.3*# Case re-
ports of hypothalamic dysfunction with
associated hypothermia have indicated
improvement from cyproheptadine.*-
Gabapentin benefitted 6 patients with
traumatic brain injury when symptoms
of agitation, dysautonomia, and spastici-
ty persisted despite treatment with bro-
mocriptine, benzodiazepine, morphine,
clonidine, ITB pump, and metoprolol.* Fi-
nally, a recent study identified a decrease
in symptoms following use of pregabalin,
including nausea, retching, tachycardia,
and flushing, in 13 out of 15 individuals
with familial dysautonomia.®®

Retching and vomiting

These symptoms are reviewed briefly
given the association with visceral hyper-
algesia and dysautonomia, as well as the
distressing nature of these symptoms. In
children with NI and retching following
Nissen fundoplication, a significant de-
crease in retching was demonstrated with
alimemazine.¥ Though alimemazine is
not available in all countries, the over-
lap in receptor blocking properties with
cyproheptadine and levomepromazine
forms the theoretical basis for use in tre-
ating retching in children with NI.
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Empiric treatment for persistent
symptoms

When pain behaviors persist despite
treatment of identified sources or when
no source is found, children with NI of-
ten benefit from a medication trial that
targets the problems reviewed. Table 2
provides guidance for the medications re-
viewed in this article.

There are reasons to start with gaba-
pentin, including a good safety profile with
no drug-drug interactions as well as bene-
fit for a variety of the problems reviewed.
This includes a case series of 9 children
with severe NI treated with gabapentin,
resulting in a significant reduction in pain
symptoms, associated feeding intolerance,
and improvement in sleep.*® Gabapentin is
considered safe in children at doses up to
78 mg/kg/day with children under 5 years
of age requiring higher doses.* *° Pregab-
alin is an alternative option known to have
higher oral bioavailability compared to ga-
bapentin, 90% versus 33-66%, with a line-
ar increase in plasma concentration with
increasing doses compared to gabapentin's
decreasing bioavailability at higher doses.
There is no data to indicate that this results
in a greater clinical benefit for children.
Nortriptyline (or amitriptyline) is a reaso-
nable next line intervention, including in
combination with gabapentin as sugges-
ted by the identification of greater benefit
with the combination of gabapentin and
nortriptyline for neuropathic pain over eit-
her one given solely.’” Medication trials for
dysautonomia and retching should also be
considered.

Non-pharmacologic interventions

Non-pharmacologic integrative and
supportive interventions are an essential
part of symptom management strategies.
In children with NI, parents often become
very adept at identifying comfort stra-
tegies such as cuddling, rocking, massa-
ging, and repositioning.2 For symptoms
localized to the intestinal tract, strategies
include venting of a gastrostomy feeding
tube, use of equipment that allows ven-
ting during feedings, and slowing down of
tube feedings. Supportive equipment can
minimize positional pain, such as seating
systems and supportive pillows. Other
modalities for consideration, though less
studied in such children, include aroma-
therapy and acupuncture.®

Other medications for persistent
pain behaviors

Benzodiazepines are frequently used in
children with NI for persistent irritability
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and agitation, spasticity, dysautonomia,
dystonia, and sleep. They are generally
safe and effective in the short term, alt-
hough sedation and paradoxical effects
such as agitation and irritability do oc-
cur.®** Limitations of daily, prolonged use
are a result of tolerance with a decrease of
benzodiazepine binding sites. This can be
prevented by intermittent use, such as for
intermittent muscle spasms or "autonomic
storms”; or by short-term use, ideally less
than four weeks. Finally, one case series
identified clonazapam as a potential adju-
vant for neuropathic pain, though treat-
ment was of short duration.®

Methadone is the only long acting opi-
oid available as a liquid, a beneficial op-
tion for children with a feeding tube. In
addition to being a mu-opioid agonist, it
may have an added benefit as an NMDA
receptor antagonist against glutama-
te, an excitatory neurotransmitter in the
CNS. This includes a theoretical benefit
for neuropathic pain.*® The main disad-
vantages are its biphasic elimination and
effect of other medications on metabo-
lism, necessitating expertise in use. The
initial rapid distribution phase (half life
2-3 hours) followed by a slow elimination
phase (half life 4.2-130 hours) can result
in drug accumulation and toxicity 2-5
days after starting or increasing methado-
ne.’”%8 Potential drug interactions include
this partial list of drugs commonly used
in children with NI 1) medications that
decrease effect of methadone or increase
effect when discontinued: phenobarbital,
phenytoin, carbamazepine, resperidone,
2) medications that increase effect of
methadone: ciprofloxacin, diazepam, me-
tronidazole, erythromycin, 3) medications
that increase risk of QTc prolongation:
TCA, phenothizines.®” %

Phenobarbital has also been used for
persistent irritability in children with NI,
such as acute use following cerebral hy-
poxic injury or a CNS infectious insult.*® In
addition, phenobarbital has been studied
in adults with terminal agitation and sei-
zures at the end of life.*

Cannabinoids may also have a role,
though they have not been studied in this
population. Dronabinol is the synthetic
form of delta-9-tetrahydrocannabinol
(THC), an active compound of the canna-
bis plant. Its mechanism of action includes
agonist effect at the cannabinoid (C, and
Cz] receptors.®® It has also been studied
in adult patients with impairment of the
CNS, most notably multiple sclerosis (MS)
and traumatic brain injury.5" Benefit for
central pain and spasticity has been de-
monstrated in patients with MS.52-% These
are theoretical reasons to consider canna-
binoids in children with NI with refractory
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Table 2: Medications (maximum weight 50 kg)

Mechanism of action

Initial Starting Dose (maximum starting dose)

Neuropathic pain, central pain, and visceral hyperalgesia

Gabapentin

Nortriptyline
Amitriptyline

Dysautonomia

Clonidine

Gabapentin

Cyproheptadine

Morphine Sulfate
Diazepam

Thought to inhibit excitation
by binding to the alpha-
2-delta subunit of voltage
dependent Ca ion channels in
the CNS

Presynaptic reuptake inhibition
in the CNS of norepinephrine
and serotonin

Centrally acting alpha 2 ad-
renergic receptor agonist,
reducing sympathetic outflow

See above

5HT2, H1 & Ach receptor anta-
gonist

CNS opioid receptors
Increased affinity of GABA for
GABAA receptor

Retching and vomiting in children with NI

Cyproheptadine

Levomepromazine

Other medications

Clonazapam

Dronabinol

See above

5HT,, H,, Ach, weak D, receptor
antagonist

See diazepam

Cannabinoid receptor agonist
(C,and C)

Day 1-3 5 mg/kg/dose PO ghs (250 mg)

Day 4-6 2.5 mg/kg/dose am and midday and 5 mg/kg ghs
Day 7-9 2.5 mg/kg/dose am and midday and 10 mg/kg ghs
Day 10 5 mg/kg/dose am and midday and 10 mg/kg ghs

Increase every 3-4 days by 5 mg/kg/day until

1. effective analgesia reached (titrate to minimum total dose of 30 mg/
kg/day for children >5 years of age and 40-50 mg/kg/day for children
<5 years)

2. side effects experienced or total dose of 60-75 mg/kg/day reached
(maximum 3600 mg/day)

3. half of the total dose may be given as the evening dose

4. titrate more rapidly for severe pain and as tolerated

0.2 mg/kg PO ghs (10 mg)
0.4 mg/kg PO ghs

Day 1-4
Day 5-8

Increase every 4-5 days by 0.2 mg/kg/day until
effective analgesia or total dose of 1 mg/kg/day (50 mg/day)
obtain plasma level and ECG before further dose escalation

Day 1-3  0.002 mg/kg PO ghs (maximum 0.1 mg)
Day 4-6  0.002 mg/kg g 12 hours

Day 7-9  0.002 mg/kg g 8 hours

In addition:

1. 0.002 mg/kg q 4 hour prn “autonomic storm"”
2. doses may be increased to 0.004 mg/kg

3. titrate more rapidly if tolerated

See above

0.08 mg/kg PO Q 8 hr (4 mg)
If no benefit in 3-5 days, increase by 0.04-0.08 mg/kg

0.2-0.3 mg/kg PO/SL Q 3-4 hr prn “autonomic storm” (10 mg)
0.05-0.2 mg/kg PO/IV q 6 h prn “autonomic storm” (2.5-10 mg)

See above

0.25-1 mg/kg (12.5-50 mg) PO q day

0.005-0.01 mg/kg PO q 8-12 h (0.25-0.5 mg)

0.05-0.1 mg/kg PO g 12 h (2.5-5 mg)
May increase if tolerated to maximum of 10 mg bid

QHS = once at night; PO = oral; PRN = as needed; SL = sublingual; IV = intravenous; Q ... h = every ... hours
Sources include: Lexi Comp's Pediatric Dosage Handbook: 15th ed; Schechter NL, Berde CB, Yaster M (Eds). Pain in Infants, Children, and Adolescents, 2nd Ed. Philadelphia: Lippincott Williams

and Wilkins, 2003
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pain behaviors and associated symptoms
such as spasticity. Side effects include de-
layed gastric emptying, dizziness, anxiety,
depression, irritability, restlessness, tachy-
cardia, and dry mouth.

Back to our patients

H.D. and L.D. are treated with gaba-
pentin, resulting in improvement in sym-
ptoms, including a significant decrease in
crying and improvement in gastrostomy
tube feedings. Symptoms remain resolved
for both 9 months later.

D.G. is treated with gabapentin and cy-
proheptadine. His vomiting and autono-
mic features decrease significantly within
several days. Irritability, crying, and ar-
ching improve by 25-50%. Nortriptyline is
initiated 1 week later, with improvement
noted within 5 days in all symptoms. He
is described as being “a new child” The
diazepam dose is titrated down without
any changes in symptoms. Because of
greater improvement following initiation
of nortriptyline, gabapentin is weaned
down with an associated increase in ir-
ritability and crying. This subsequently
improves following an increase back to
the prior dose. He remains comfortable,
tolerating feedings, and sleeping well 12
months later.

Conclusion

In summary, children with NI should
be routinely assessed for pain, including
asking parents and caregivers if they have
concerns about their child experiencing
discomfort and supplementing informa-
tion with pain assessment tools. When
concerns of pain are identified, an evalu-
ation for a somatic source of pain should
be initiated. When no source is identified
or when pain behaviors persist despite
treating potential sources, some children
will benefit from an empiric trial of ga-
bapentin. Other reasons to initiate a tri-
al of gabapentin include symptoms that
develop weeks-months following surgery;
symptoms that suggest visceral hyperal-
gesia, such as pain associated with tube
feedings, intestinal gas, and bowel move-
ments; and persistent muscle spasms and
dysautonomia. If there is a partial decre-
ase in pain features, nortriptyline may be
initiated in combination with gabapentin.
Treatment should be considered for other
sources of pain behaviors along with use
of as needed medications for intermittent
problems, such as benzodiazepines, cloni-
dine, and opioids for intermittent muscle
spasms or autonomic storms. When pain
behaviors continue despite these first
steps, methadone is a reasonable next in-

tervention, though it requires expertise in
use. In addition, clonazapam and dronabi-
nol have theoretical reasons for considera-
tion. As there is limited evidence to guide
us, one must be careful from introducing
too many medication ftrials. Ultimately,
awareness of these potential sources of
discomfort and distress in children with NI
will expand our ability to improve comfort
in this vulnerable group of children.
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“Neuro-Irritability”

in Children with

Developmental Disabilities: The Role of
Autonomic Nervous System Dysregulation

E. E. GILLES

Department of Pediatric Neurology, Children’s Hospitals and Clinics, University of Minnesota

Abstract

The irritable, inconsolable neurologi-
cally impaired infant or child is a diag-
nostic and treatment dilemma. For many,
abnormalities of self-regulation lead to
inconsolable crying and inconsolability
and many have chronic pain from numer-
ous sources. There are numerous potential
targets for intervention, including stabili-
zation of autonomic diurnal rhythm, early
and aggressive treatment of sympathetic
hyperactivity, and a trial of aggressive
pain management. Much research remains
to be done to define best practice in this
complicated group of patients.

Key words

Inconsolability - neurologically im-
paired child - chronic pain - sympathetic
hyperactivity

«Neuro-Irritabilitat" bei Kindern
mit Entwicklungsstorungen:

Die Rolle der autonomen
Nervensystem-Dysregulation

Zusammenfassung

Das irritable neurologisch beeintrach-
tigte Kind ist hinsichtlich Diagnose und
Behandlung ein Dilemma. Haufig fiihren
Verdnderungen der Selbstregulation zu
Episoden von unstillbarem Weinen und
Unwohlsein, und viele Kinder erleben chro-
nische Schmerzzustinde aufgrund unter-
schiedlicher Pathologien. Zu den zahlrei-
chen Therapiestrategien gehoren Stabili-
sierung des autonomen Schlafrhythmus,
Behandlung sympathischer Hyperaktivitat
und aggressive Schmerztherapie. Zukinf-
tige Forschungsschwerpunkte miissen
Therapieoptionen in dieser komplizierten
Patientengruppe evaluieren.

Schliisselworter

Neurologisch beeintrachtigtes Kind -
chronischer Schmerz - sympathische Hy-
peraktivitat
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Introduction

The irritable, inconsolable neurologi-
cally impaired infant or child is a diag-
nostic and treatment dilemma world-
wide. Traditional approaches, both phar-
macologic and non-pharmacologic, often
fail. Often inconsolability is multifactori-
al, involving pain or discomfort, retained
primitive reflexes with secondary exces-
sive reactivity to sensory stimuli, sleep
dysregulation, and tone issues ranging
from spasticity to other movement dis-
orders such as dystonia, choreathetosis
and even segmental myoclonus. The role
of the autonomic nervous system (ANS)
has been largely ignored in this special
subset of patients yet is extremely impor-
tant. The focus of this article is to explore
the range of autonomic dysregulation in
patients with either a history of brain in-
jury, or brain maldevelopment, and pro-
pose potential therapeutic targets with
case examples.

The term "neuro-irritability" is used
here to describe a sustained activated be-
havioral state associated with crying, agi-
tation, and inconsolability with or without
posturing in a neuro-atypical infant or
child who is globally delayed and typically
multihandicapped. Infants in this state
are not easily consoled despite reasonable
measures.

Neuropadiatrie

Potential Origins of Irritability

The 2 groups of patients pertinent to
this discussion are those who sustained
significant brain injury prenatally, perina-
tally or in the early infantile period and
those who have a variety of brain malfor-
mations. Brain injury includes insults such
as in-utero infarction, perinatal asphyxia,
meningitis, events leading to severe hy-
poxic-ischemic injury such as perinatal
injury, cardiac arrest, and traumatic brain
injury (most often inflicted). Brain malfor-
mations tend to be those that are more
severe such as holoprosencephaly'. In
general, older children who were typically
developing through infancy do not deve-
lop extreme irritability after brain injury
although they may certainly have signifi-
cant autonomic dysregulation. There are
many neurologic causes of excessive irri-
tability in infants that are not the focus of
discussion here (eg. drug-withdrawal, in-
herited dysautonomias, certain metabolic
and degenerative disorders i. e.: Krabbe
disease, glutaric aciduria, lysosomal stor-
age disease, and Lesch-Nyhan syndrome).

Brain injury is typically severe, involv-
ing cortical and subcortical regions, espe-
cially frontal lobes, basal forebrain, limbic
system and basal ganglia. It is common
clinically to see an infant who is micro-
cephalic, has fragmented wake-sleep
cycles, some degree of visual impairment,
severe oral-motor dyspraxia, variable tone
patterns, and limited purposeful move-
ment. Many of these infants have limited
awareness of their environment, but may
recognize caregivers by voice or touch.
They are typically very sensitive to cer-
tain types of sensory stimulation; some
have stimulus evoked seizures triggered
by certain tactile stimulation, sounds,
even sudden increase in ambient light.
These infants share persistent or hyper-
active primitive reflexes, and frequently
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have a hyperactive gag. Abnormalities of
tone or movement include spasticity and
extrapyramidal disorders (dystonia, and
choreoathetosis). Although many clini-
cians equate extensor posturing with dys-
tonia, it is not clear if these are really the
same phenomena. Opisthotonic posturing,
when it occurs, is associated with severe
inconsolability.

A number of medications have proven
useful in treating irritability and agitation
in individuals with developmental disabi-
lities, a topic reviewed recently by Guay?.
Gabapentin is frequently prescribed, of-
ten with good effect in these infants?*.
Other medications that may prove useful
include Levetiracetam, Oxcarbazepine and
Topiramate.

Abnormalities
of Self-Regulation

Development of neural circuitry is ex-
perience dependent with change occur-
ring in response to patterned repetitive
stimulation. Normally, the social inter-
action between parent and infant is the
context within which the infant learns to
regulate emotion®®. Physiologic arousal
occurs simultaneously between mother &
infant in a well-attached mother-infant
dyad®™. The infant with a severely injured
or aberrantly organized brain has com-
promised ability to respond to overtures
from the primary caregiver with expected
behavior patterns. They are less sensitive
to attempts by the primary caregiver to
soothing by voice, touching, holding, and
rocking, although of course all of these
interventions need to be tried. Most very
involved infants have significantly less
facial expressivity, and do not respond to
traditional soothing techniques.

Recognition of Pain/Discomfort

Cues may be subtle or difficult to local-
ize. Many infants have extremely impaired
vision or decreased ability to focus visual-
ly. There may be a significantly prolonged
processing speed. Facial expressivity is
markedly decreased with open mouth ap-
pearance, there is generally a decreased
blink rate and there is a decrease in ge-
neralized and purposeful movement. Be-
havioral response to pain is altered. Pain
must be considered in a child engaging in
severe self-injury ™2,

It is vital to put pain or discomfort
foremost in any treatment hierarchy. It is
equally important to consider what is be-
ing treated. Frequently infants are treated
for "neuropathic pain” It is as likely that
the processing of pain is aberrant and that
these medications are helping to stabilize
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mood as treating neuropathic pain. In this
article, neuropathic pain is defined as pain
following a disease affecting or of the so-
matosensory system 3.

There are many sources of pain or dis-
comfort in this population such as spas-
ticity and muscle spasms, extensor postur-
ing (especially if sustained), poor seating
arrangement, neuromuscular scoliosis and
secondary spasm. Many of these children
are malnourished and hungry; those with-
out gastrostomy tubes (G-tubes) may take
very long to feed ™. Nausea is also difficult
to diagnose in non-verbal children. Some-
times the only cue is episodic increase in
sialorrhea with or without facial grimace.

Autonomic Nervous System
Dysfunction

Essentially all infants and children who
have had a significant brain insult or who
have abnormal brain formation have some
dysfunction of the autonomic nervous
system. Mitochondrial disease, hydran-
encephaly and some genetic syndromes
(CHARGE, Smith-Magenis, Rett's ) have
a greater predisposition to autonomic
dysfunction'™. This ranges from mild to
severe. Severity of autonomic dysregu-
lation correlates with more severe brain
dysfunction (and presumably aberrant
central autonomic network) worsens with
age. There is considerable heterogeneity
as to the scope and severity of autonomic
dysfunction in these infants and children
(Table 1).

ten restricted to certain body parts, such
as the head or soles of the feet.

Core temperature is a significant pre-
dictor of reactivity to external stimuli.
Less than 35.5° C and infants begin to be
less reactive. By 33.8-34.4° C, they are
minimally responsive to stimuli, tone is-
sues are enhanced, and worsening of in-
testinal dysmotility is not uncommon. At
this point, many are also dehydrated with
electrolyte abnormalities, elevated lactate,
and sometimes increased muscle enzymes
if there has been significant cramping.
Warming gently back to basal core tem-
perature will reverse these findings.

Autonomic Dysreflexia

Autonomic dysreflexia after spinal cord
injury consists of massive sympathetic
discharge in response to a strong sensory
input to the spinal cord, such as a full
bladder or bowel resulting in extensive
vasoconstriction in the splanchnic vascu-
lature and secondarily inducing peripheral
arterial hypertension '8 The brain sends
inhibitory outflow via parasympathetics
but this is not able to transit the injured
cord to reach the sympathetic outflow
level. Meanwhile vasomotor brainstem re-
flexes increase parasympathetic outflow
through the vagus initially causing brady-
cardia. Parasympathetic activity above the
spinal level causes vasodilatation resulting
in flushing, nasal congestion and profuse
sweating. Tone may increase in the upper
extremities . 50 % of children will expe-

Table 1: Signs and Symptoms of Autonomic Dysfunction

Autonomic dysreflexia
Abnormal sleep regulation
Decreased tearing

Abnormal core temperature
Cold hands and feet

Decreased heart rate variability

Abnormal sleep regulation
Central hypoventilation
Abnormal papillary reactivity
Abnormal temperature regulation
Heat and/or cold intolerance
Aberrant flushing

Abnormal sweating patterns (hyper- or hypohydrosis or mixed)

Feeding intolerance & intestinal dysmotility

Symptoms particularly distressing to
parents are cold extremities, pain, sleep
disorders and constipation '®. The most
common finding is increased vasomotor
reactivity (cold hands and feet). As the de-
gree of dysfunction increases, abnormali-
ties of sweating and temperature regula-
tion are observed (either diurnal variabi-
lity or heat and/or cold intolerance). Basal
core temperature is more commonly low
than high. Diurnal temperature variation
may be quite remarkable, sometimes se-
veral degrees centrigrade. Sweating is of-
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rience autonomic dysreflexia after spinal
cord injury?. Treatment is reviewed else-
where 7.

Autonomic dysreflexia or sympathetic
hyperactivity after traumatic brain injury
(TBI) is considered to be an autonomic
overactivity syndrome ™ 2" 22, The major-
ity of the literature concerns adults. It
consists of paroxysmal autonomic over-
activity, typically sympathetic hyperacti-
vity, and a oversensitivity to nociceptive
stimuli'® 2. A key difference is the pre-
sence of tachycardia rather than brady-



cardia as a prominent event feature. There
is as yet no consensus as to terminology.
Autonomic storms, diencephalic seizures,
dysautonomia and sympathetic hyper-
activity are just some of the many terms
in the literature ' Risk to develop auto-
nomic dysreflexia following TBI increases
in proportion to the degree of decrease in
heart rate variability (uncoupling between
sympathetic/parasympathetic  balance)
and the presence deep intraparenchymal
lesions on MRI 24,

Criteria are presented in Table 2. There
has been no systematic study of this con-
dition in infants and children. There ap-
pear to be 2 specific groups in infants and
children; those who share similarities with
the criteria in Table 2, and those children
who have basal mild-severe hypothermia
who become more cold and sweaty dur-
ing events. Dehydration from insensible
losses can be rapid and severe. Presum-
ably Group 1 patients have sympathetic
hyperactivity whereas Group 2 patients

There is accumulating literature that
gabapentin may prove to be very effec-
tive for autonomic-mediated events in
children after head injury*%. Recently,
Rabchevsky et al. reported the successful
attenuation of autonomic dysreflexia and
spasticity induced by noxious stimuli in a
rat model of spinal cord injury with 50 mg/
kg of gabapentin?®. This is supportive of
other reports of gabapentin suppressing
spasticity and effectively treating post-
SCI neuropathic pain?. As gabapentin
decreases presynaptic glutamate release,
it may prevent neurotransmission of nox-
ious stimuli, thereby decreasing activa-
tion of afferent sensory nerves triggering
autonomic events. Pregabalin may also
prove to be effective in these patients?.

Autononic Enteric Nervous
System (ENS) “the second brain"

200-600 million neurons comprise the
ENS. It communicates reciprocally with

Table 2: Criteria for Acute Paroxysmal Sympathetic Hyperactivity
M Fever (body temperature > 38.3 °C [101.0°F])

M Papillary dilatation

M Excessive diaphoresis

M Tachycardia (heart rate > 120 or > 100 beats per minute)

B Hypertension (systolic blood pressure >160 mm Hg or pulse pressure > 80 mm Hg)

B Tachypnea (respiratory rate > 30 breaths per minute)

M Extensor posturing or severe dystonia

have mixed sympathetic/parasympathetic
activation.

At the point when diagnosed, children
are frequently having daily, sometimes
life-threatening events. Events can eas-
ily be misdiagnosed as seizures because of
the posturing that is an almost a uniform
feature. Differential includes hydrocepha-
lus, serotonin syndrome, sepsis and en-
cephalitis. Most common triggers are pain
or discomfort, excitement, and fatigue.
Treatment strategies focus on: a.) devel-
oping effective event treatment protocols
designed to resolve events as quickly as
possible with the fewest medications; and
b.) working over time to minimize auto-
nomic diurnal variability and limit triggers
by employing a mixture of environmental
changes and medications. This involves
daily medications in addition to optimiz-
ing event protocols. A guideline to doing
this is presented in Table 3. Over about 12-
18 months, as autonomic diurnal patterns
normalize (usually not completely), event
frequency decreases sometimes com-
pletely and daily medications are slowly
weaned.

the CNS via the autonomic nervous sys-
tem consisting of the parasympathetic
(vagus nerve) and the sympathetic (pre-
vertebral ganglia). Neurons of the ENS are

located in two networks of ganglia, the
myenteric and the submucous ganglia.
The myenteric ganglia between the exter-
nal muscle layers extend from the esopha-
gus to the anus embedded in the wall of
the gastrointestinal tract. The submucous
ganglia are primarily present in the small
and large intestines?®.

The brainstem serves to integrate con-
trol of gastric motility. Digestive tract
motility is of the small and large intestine
is primarily controlled by the myenteric
plexus whereas the submucous plexus
principally  requlates  gastrointestinal
blood flow and epithelial cell function®.
Sympathetic stimulation inhibits gastro-
intestinal secretion and motility but is
generally not significant unless protective
reflexes are engaged. Parasympathetic
neurons stimulate motility. Normally,
proximal stimulation from stomach dis-
tention triggers evacuation of the colon,
while small intestine distention suppresses
motor activity in the stomach.

More than 30 neurotransmitters have
been identified in the enteric nervous sys-
tem . Acetylcholine and tachykinins pro-
duced by enteric neurons are always ex-
citatory. Nitric oxide, vasoactive intestinal
peptide are co-transmitters for inhibitory
neurons. Norepinephrine from extrinsic
post-ganglionic sympathetic neurons is
always inhibitory so that sympathetic
stimulation inhibits gastrointestinal se-
cretion and motility.

Injuries to the craniospinal axis that
compromise ANS:ENS interface result in
abnormalities of gastrointestinal func-
tion?*%32, Dysfunction in infants is often
quite severe with feeding intolerance,
gastroparesis and intestinal dysmotil-
ity®%. Current theory is that there is an

Table 3: Approach to Variant Autonomic Dysreflexia

1. Define events, time course, time of day, triggers and effective environmental interventions.
Review medications. Have any been added recently associated with worsening of symptoms.
Have parents monitor events with ANS flow sheets.

2. Develop written intervention plan to include assessments, interventions and time course of in-
terventions at times. Times for interventions vary by acuity of clinical situation. Times 0, 15-30,
45-60, 75-90. Check vital signs at all time points. Treat according to symptoms i. e. pain, tone,
BP & sweating (if present). Repeat medications as needed.

Assessments & Environmental Interventions

1-Check vital signs (Temp, BP, HR, RR), tone
2-Reposition
3-Check bowel and bladder, take action prn
4-Warming techniques

*Warmed towels, wipe off and replace

*Warm hat, gloves and blanket

*Gently warmed 10 ml/kg water bolus G-tube
5-Cooling techniques

*Cool towels, wipe off and replace as needed

*Cool packs on head, under neck, armpits, groin

*Cooling vest, hat if available
*Cool 10 ml/kg water bolus via G-tube

Neuropadiatrie

Potential Pharmacologic Interventions

*Pain: ibuprofen, tramadol,

*Tone +/- incr BP +/- incr HR +/- sweating
+/- high T = Bromocriptine

*Tone primary: Diazepam, Tizanidine,
Baclofen, Trihexyphenidyl

*Hypertension primary: Beta blockers

(Propranolol, Labetalol)

*Sweating & hypothermia: Cyproheptadine
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alteration in intestinal regulation in in-
fants with aberrant brain function with
enhanced sympathetic activity (often in
response to painful stimuli). Dysmotility
can worsen following physiologic stress,
such as critical illness or orthopedic sur-
gery 34 Pain and discomfort arise from
esophagitis, gastroparesis, constipation,
obstipation, and intestinal distention re-
sulting in further enhanced sympathetic
activity. Distention of the intestine is
extremely painful and does not always
result in obvious abdominal distention.
The presence of a spastic anal sphinc-
ter makes defecation even more pain-
ful for these infants. Trismus of the anal
sphincter can also occur. Rectal exami-
nations are essential in this population.
Overgrowth of bacteria whose fermenta-
tion results in gas production is a further
mechanism of pain. For this reason, lact-
ulose should be avoided in infants with
significant intestinal distention, as it will
act as a substrate for enteric bacteria.

Intestinal Pseudo-Obstruction

First described by Ogilvie in 1948, in-
testinal pseudo-obstruction looks clini-
cally like a mechanical bowel obstruc-
tion but no evidence of an obstruction is
found?*. A predisposing condition is pres-
ent in more than 95% of reported cases
of acute colonic pseudo-obstruction
described in the adult literature includ-
ing surgery, myocardial infarction, sepsis,
critical illness and trauma?3®%. Differen-
tial includes toxic megacolon from C. dif-
ficile, mechanical obstruction and isch-
emia.

The general, pharmacologic and sur-
gical strategies in management are re-
viewed beautifully by Saunders, 2007 %,
A majority of adults respond to conser-
vative (non-surgical) management (naso-
gastric decompression, bowel rest, fluid
and electrolyte correction and occasion-
ally rectal tube). Active intervention
(colonoscopic decompression or surgery)
is reserved for those patients with refrac-
tory symptoms and severe distention as
in these patients there is risk of perfora-
tion.

Infants and children with chronic in-
testinal dysmotility present with recur-
rent abdominal distention, severe pain,
increased seizures, feeding intolerance
and on occasion decreased reactivity. Ra-
diographic evidence consists of gaseous
distention of the small and large bowel
usually with air fluid levels. Episodes of
acute-on-chronic intestinal dysmotil-
ity and pseudo-obstruction are triggered
primarily by illness, side-effects to medi-
cation and post-surgery.
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Neostigmine

Neostigmine is a parasympathomimet-
ic reversible cholinesterase inhibitor that
does not enter the central nervous system.
In the intestine, it stimulates muscarinic
receptors, enhancing colonic motor ac-
tivity and accelerating transit®. It can be
administered intravenous or orally. Only
2-3% of oral neostigmine is absorbed.
Highly effective in adults with acute in-
testinal pseudo-obstruction, there is an
80-900% response to a single intravenous
dose*¢37.39-41 Dosage and administration
in adults is quite variable, from 1-4 mg
intravenous over 3 minutes to several
hours*%. The longest reported intermit-
tent use of neostigmine for chronic intes-
tinal dysmotility and pseudo-obstruction
in palliative care is 4 months*. There are
rare case reports of its use in children *-%°.
Palliative use for almost 3 years of daily
G-tube neostigmine is presented in Case 1.

Case 1: Palliative Longterm
Use of Neostigmine in Chronic
Pseudo-obstruction

8 year old with mitochondrial complex
I/lll deficiency, severe neurodevelop-
mental delay, intractable epilepsy and
recurrent admissions every 4-6 weeks
for recurrent episodes of feeding into-
lerance, distention, cramps and wors-
ening seizures. All previous medication
trials ineffective. Cleared by Pediatrics
and Gastroenterology. IV neostigmine
trial performed for safety & efficacy.
On cardiac monitors with atropine
drawn up. Exam: Facial grimacing from
pain and severe abdominal distension.
Neostigmine 0.25 mg given IV over 5
minutes with no result at 15 minutes.
Repeat dose given with flatus and
abdominal decompression within 4
minutes. Abdominal girth decreased
3.5 cm. Patient happy and laughing.
Started on "oral" dosing via G-tube at
dose 0.5 mg daily. Increased over se-
veral months to 3x a day. Has had no
admissions for feeding intolerance for
33 months. Have gradually needed in-
creased dosing. Current dosing 6 mg 3x
a day (0.4 mg/kg/day).

Conclusion

Irritability in infants in severely disabled
infants is extremely common. For many,
abnormalities of self-regulation lead to
inconsolable crying and inconsolability.
Many have chronic pain from numerous
sources. ANS dysfunction is the norm
rather than the exception in these infants,
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because of abnormalities of the central
autonomic network and of the ANS:ENS
interface. This also potentiates irritability
from gut derived pain. There are numer-
ous potential targets for intervention, in-
cluding stabilization of autonomic diurnal
rhythm, early and aggressive treatment of
sympathetic hyperactivity and palliative
use of neostigmine. Much research re-
mains to be done to define best practice
in this complicated group of patients.
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Pain and Suffering from Epileptic Seizures
in the Non-communicative Patient
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Abstract

Neugeborene und Kinder mit ausge-
pragten neurologischen Behinderungen
mogen non-verbal sein, empfinden aber
Schmerz in der gleichen Art und Wei-
se wie verbale Kinder und Erwachsene.
Krampanfille sind in dieser Patienten-
gruppe relativ hdufig. Aufgrund von Er-
fahrungsberichten verbaler Kinder wissen
wir, daB seltene Krampftypen existie-
ren die Schmerzen wéhrend des Anfalls
auslosen, es aber zahlreiche postiktale
Schmerzgenesen gibt. Nach einem epilep-
tischen Anfall erleben Kinder nicht selten
Muskelschmerzen, Kopfschmerzen, und
Schmerzen aufgrund Verletzung. Kinder
mit ausgeprdgten neurologischen Be-
hinderungen unterliegen wahrscheinlich
einem hoheren Schmerzrisiko. Eltern von
Kindern mit Epilepsie erfahren sowohl
antizipatorischen vor als auch signifikan-
ten post-traumatischen Stress nach dem
Krampereignis. Krampfanfélle wéhrend
der Palliativphase sind mitunter schwierig
behandelbar und kénnen durchaus wah-
rend der Lebensendphase auftreten. Es ist
wichtig Krampfe zu verhindern und Auslo-
ser zu reduzieren und eine medikamentdse
Therapie zu wahlen, die Nebenwirkungen
minimiert.  KrampfvorsichtsmaBnahmen
dienen der Verletzungsminimierung, wie
z.B. das Meiden erhohter Platze und hei-
Ber Fliissigkeiten, Beaufsichtigung im
Wasser und das Tragen eines Helms wih-
rend gefahrengeneigter Tatigkeiten. Ers-
te-Hilfe wahrend eines Krampfereignisses
beinhaltet Initiierung der Seitenlage zur
Sicherung der Atemwege und Abstand
zu gefdhrlichen Objekten einzurichten.
Ein gutes Krampfmanagment beinhaltet
Erfassen von postiktalen Verletzungen
und Verabreichung von Analgetika, falls
klinische Hinweise auf postiktale Schmer-
zen existieren. Gute Pravention, geeignete
anticonvulsive Therapie, Unterrichtung
von Eltern Uber Sicherheitshinweise und
postiktale Schmerztherapie kann Auswi-
kungen eines Krampfanfalls minimieren.
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Schmerzen und Leiden durch die
epileptischen Anfille bei nicht-
kommunikativen Patienten

Zusammenfassung

Infants, young children, and children
with neurologic impairment are nonver-
bal, but experience pain in the same way
as verbal children and adults. Seizures
are relatively common in this population.
Based on reports of verbal patients, there
are rare seizure types which involve pain
during the ictus, but there are multiple
sources of postictal pain. After a seizure,
it is common to have muscle pain, hea-
dache, and pain from injuries. Children
with neurologic impairment are likely at
greater risk for these painful conditions.
Caregivers of children with seizures ex-
perience significant anticipatory stress,
and significant post-traumatic stress from
witnessing events. Seizures in the pallia-
tive care setting can be particularly hard
to treat, and can be part of the terminal
event. It is important to prevent seizures
by minimizing triggers such as illness, and
by treating with medication while minimi-
zing side effects. Seizure precautions can
be designed to minimize injury, such as
avoiding high places, avoiding hot liquids,
supervision while in water and wearing a
helmet in appropriate situations. Seizure
first aide includes placing someone in the
rescue position to protect the airway, and
moving them away from obstacles. Good
seizure care also involves assessment for
injury post-seizure, and providing anal-
gesia if there are any signs of post-ictal
pain. Good preventative care, appropriate
anti-epileptic treatment, education of

10. Jg. (2011) Nr. 1

caregivers about safety issues, and post-
ictal pain relief can minimize the impact
of seizures for the patient and caregivers.

Schliisselworter

Krampfanfall - Verletzung - Postiktale
Migrane - Postiktaler Kopfschmerz - Ter-
minaler Krampfanfall - Autismus - Zere-
bralparese - Lebensendphase
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Introduction

It is increasingly well established that
non-verbal and non-communicative pati-
ents experience pain at the same level as
patients without neurologic impairment.
General recommendations for pain assess-
ment involve 5 steps:
® relying on self-report of pain
e searching for potential causes of pain
® observing patient behaviors
® relying on surrogate reporting of pain

or behavior and activity changes and
e attempting an analgesic trial.

In the 2006 Pain Management Nursing
Position Statement on Pain Assessment
in the Nonverbal Patient (Herr 2006),
the authors specifically comment on the
difficulty of assessing pain in particular
populations in whom self-report is not
possible, including the preverbal infant
or toddler, patients with cerebral palsy or
other severe neurologic impairment, and
patients who are unconscious. There are a
myriad of pain scales for the neonate and
the non-verbal child, but it is well recog-
nized that none of these is ideal for each
individual patient in each individual pain
situation (Gallo 2002, von Baeyer 2006).

Assessment of pain in the non-com-
municative child relies heavily on care-



giver report, based on knowledge of the
patient's particular baseline function
and behavior and changes which indica-
te may pain (Hunt 2003). Pain behaviors
include changes in facial expression and
body posture, changes in muscle tone,
and changes in response to the environ-
ment. Crying or moaning may be a ma-
nifestation of pain. Caregivers can often
distinguish a different pitch to a child's
cry when it is indicative of pain. Sleeping
or withdrawn behavior may also be a pain
response, seen in particular in prolonged
or chronic pain (Coyne 2006). In a survey
of parents caring for children with mode-
rate to severe cerebral palsy typical pain
behaviors described included: crying, be-
coming less active, moaning, being unco-
operative or irritable, increased stiffness
or spasticity, flinching or moving a body
part away when it is touched, becoming
more active or fidgety, and a decrease or
change in sleep pattern. The parents also
described other atypical pain behaviors in
their children including drooling, flushing,
increased seizures, odd laughing behavi-
or, grunting, and self injurious behavior
(Hadden 2002). However, pain or distress
behaviors may be nonspecific and could
be an indication of other physiologic
change such as respiratory compromise,
autonomic instability, seizure or move-
ment disorder, or possibly even emotional
responses such as anger or fear.

One of the most important aspects of
pain assessment is the understanding of
potential causes of pain. Procedural pain
affects neonates, children with cerebral
palsy, children with autism, and children in
more severe states of neurologic impair-
ment (Nader 2004). It is less clear whether
other common events experienced by this
population, such as seizures, can produce
pain. In this article we will discuss types
of seizures and their frequency in non-
verbal pediatric patients such as neonates,
children with autism, children with cere-
bral palsy and other neurodevelopmental
disorders, and children at the end of life.
We will discuss evidence for the painful
nature of some seizures based on reports
from verbal patients. We will review cha-
racteristics of these conditions which
make pain behavior hard to interpret, and
the distress the events can cause in care-
givers. We will focus on the experience of
seizures at the end of life. Finally, we will
discuss both pharmacologic and nonphar-
macologic techniques to minimize any
seizure related pain and suffering.

Seizure Types

Seizures manifest in many different
ways, from the subtle to the dramatic.

In partial seizures, the electrical activity
arises from one area of the brain. Simp-
le partial seizures manifest with intact
mental status, complex partial seizures
manifest with altered mental status. Sym-
ptoms include psychic manifestations
(anxiety, déja vu, an olfactory sensation),
autonomic manifestations (flushing), lo-
calized motor activity or localized sensory
change. Partial seizures can spread to the
entire brain, or generalize, to a convul-
sion. Generalized seizures arise from the
entire brain simultaneously, and result
in loss of awareness for the duration of
the event. Some generalized seizures are
very brief, including absence (brief sta-
ring with automatisms), myoclonic (rapid
muscle twitch) or atonic (sudden loss of
postural tone without protective refle-
xes) seizures. Other generalized seizures
are more prolonged, including tonic and
generalized tonic clonic (Epilepsy.com). In
the first year of life, children with brain
injury or developmental anomalies are at
risk for infantile spasms, clusters of brief
full-body flexor or extensor seizures of-
ten associated with irritability or deve-
lopmental plateau. Seizures in neonates
are quite different than those in older
children, likely due to the lack of myelin
maturation. Neonatal seizures are de-
scribed as subtle (eye movements, oral-
buccal-lingual movements, bicycling or
swimming movements, apnea), clonic,

tonic, or myoclonic (Volpe 1989). Many
seizures are apparent clinically, but so-
metimes electroencephalogram (EEG) is
required to distinguish between a seizure
and another type of clinical event such as
posturing from gastro-esophageal reflux,
a movement disorder, or a parasomnia.
Some seizures are subclinical, silent clini-
cally but apparent by EEG. This is particu-
larly common in the neonate and in the
setting of critical illness, (Claassen 2004).
Status epilepticus is manifest by a single
seizure lasting longer than 30 minutes,
or recurrent seizures without return to
baseline between (Golf 2004). Any seizure
type can be prolonged. The most dramatic
manifestation is a primary or secondarily
generalized tonic clonic seizure (Table 1).

Frequency of Seizures in the
Non-communicative Population

Seizures are a common issue in child-
ren. In studies of the general population,
seizures are most common in those under
one year of age or over 75 years of age
(Hauser 1993). Up to 5% of the pediat-
ric population will have a febrile seizure
(Nelson 1978). Children with neurologic
issues are more likely to have epilepsy or
unprovoked seizures. Neonatal seizures
are relatively common, occurring in 2.6
out of every 1000 live births. 5% of these
seizures last more than 30 minutes by EEG.

Seiz ure Type Risk of Pain

During Seizure

Neonatal seizures

Subtle

Clonic

Tonic

Myoclonic

Infantile Spasms

Partial Seizures

Psychic

Autonomic \
Motor
Sensory \/

2

Generalized
Absence
Myoclonic
Tonic

Tonic Clonic

Atonic

Ictal pain from perirolandic

After Seizure

2 2 2 =2 .= = =

= | =] =

\/

Headache, muscle ache, injury

region, focal motor contraction

Table 1: Seizure Types and Risk of Pain
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The most common cause of seizures in the
term infant is birth asphyxia, but other
brain injury, neonatal infection, conge-
nital anomalies, metabolic derangement
and genetic disorders also account for sei-
zures in this age group. Seizures are 6-fold
more common in the preterm infant than
in the term infant (Ronen 1999). Children
with cerebral palsy are more likely to have
seizures, with rates of seizure noted to be
between 35% and 85%. Most children
with CP have their first seizure at under on
year of age (Dimitrios 1999). Up to 20%
of children with autism will have seizu-
res, often in adolescence (Volkmar 1990).
In adults and children with brain tumors,
20-45% present with the initial symptom
of seizures, and 30% have seizures at the
end of life (Hendrikus 2009) (Pace 2009).

Are seizures painful?

It is commonly reported that seizure
are not painful (Epilepsy.com). Generally
this is the case, even in more dramatic
seizure types such as a generalized tonic
clonic seizures. Thankfully, during these
events the patient is unconscious and am-
nestic to the event. There are actually rare
forms of seizure, emanating from the cen-
tral perirolandic region, in which the aura
or beginning of the seizure is manifest
as localized pain of the face, arm or leg.
Seizures from the temporal lobe region
may manifest as abdominal pain. (Young
1982). Simple partial seizures which ma-
nifest as focal muscle stiffening or jerking
while the patient is conscious may result
in pain similar to a muscle spasm.

Despite being unconscious during a
convulsion or other generalized seizure,
patients may still experience discomfort
after the event. Patients often complain
of muscle pain from strong contractions,
and describe it as feeling like they "just
ran a marathon." Rhabdomyolysis has
been documented in adults and children
after moderately prolonged seizure, sug-
gesting significant muscle breakdown
can occur with resultant discomfort (Sato
2008). No systematic studies have looked
at muscle pain after seizures in children. It
is well known that even passive stretching
or rigorous physical therapy in children
with cerebral palsy may induce pain (Had-
den 2002). It seems quite likely that even
non-verbal patients may experience mu-
scle pain after a convulsion, and that this
may be particular intense in children with
abnormal muscle tone.

Injuries can be sustained during a sei-
zure, resulting in post-ictal discomfort.
Seizure-related injuries include falls, with
soft tissue injury, concussion and more
serious traumatic brain injury as a result.
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Patients may also sustain fractures or joint
dislocations, burns, or submersion injury
(Wirrell 2006). In a survey of adults with
epilepsy, 30% have had seizure related
injury (Neufeld 1999). In another survey
of adults with epilepsy, 24% had a head
injury due to seizure in the past year, 16%
sustained a burn or scald, 10% sustained a
dental injury, and 6% sustained a fracture
(Buck 2005). Major injury is uncommon,
but any sustained injury can lead to post-
seizure discomfort. Less data is known
about injury from seizures in children. One
study demonstrated a 7-14 fold increase
in risk of submersion or drowning in child-
ren with epilepsy versus the general po-
pulation (Wirrell 2006). Children or those
with neurologic impairment are less likely
to sustain a burn, likely because they are
unlikely to be cooking or handling very
hot food (Kirby 2005). Risk factors for in-
jury due to seizure include a seizure type
which involves loss of postural tone (tonic
clonic, atonic, myoclonic), increased sei-
zure frequency, poor bone mineral densi-
ty, and cognitive handicap (Nakken 1993)
(Wirrell 2006) (Buck 2005). These risk fac-
tors are particularly likely to be present in
the population of children with cerebral
palsy or other handicap.

Migraine is associated with epilepsy,
likely related to similarities in the under-
lying biologic mechanism behind these
disorder (Lipton 2003). Seizures seem to
induce headache in many patients. In sur-
veys of adults with epilepsy, 45% report
headache after a seizure, which can last
for several hours (Forderreughter 2008)
(Schachter 1994). Adult patients reported
a moderate to severe headache after more
than half of their seizures. Many of these
headaches had migraine characteristics,
including nausea and photophobia. Head-
ache after seizure occurred regardless of
seizure type. Headache occurred whether
the patient had an underlying migraine
tendency or not (Schon 1987). It may be
difficult to tell if a child has a headache,
but this data in verbal patients certain-
ly suggests this is possible. Parents often
report that children are more irritable for
up to a day after a seizure, suggesting that
this may indeed be the case.

New brain injury or death from seizu-
re is uncommon. In a review of the most
dramatic form of seizure in children, con-
vulsive status epilepticus, neurologic mor-
bidity was 15% and mortality was 3-5%
(Raspall-Chaure 2006). Injury and death
was specifically related to the underlying
cause of the seizures, rather than to the
presence of the seizure itself. Those with
new stroke, traumatic brain injury, seve-
re infection, neurodegenerative disorder
or brain tumor were more likely to ex-
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perience a bad outcome from prolonged
seizure (Maytal 1989). SUDEP, or sudden
unexpected death in the epileptic patient,
is described as witnessed or unwitnessed
death in an epileptic patient which is
not due to trauma or drowning. SUDEP
may result from having a seizure, but it
is thought that some cases occurred even
in the absence of a clinical seizure. Data
on the risk of SUDEP is primarily from the
young adult population. In this popula-
tion, the published risk of SUDEP varies
from 0.35 per 1000 patients in the general
population to 1 in 100 person-years in a
population with intractable epilepsy. Risk
factors include the presence of convulsi-
ons, the use of multiple seizure medica-
tions, poor medication adherence, prone
sleep position, alcohol abuse, male sex,
and mental handicap. Protective factors
include sharing a bedroom with some-
one or the use of a listening device while
the patient sleeps, and a history of asth-
ma. The limited data in children suggest
that the SUDEP risk is lower than that in
adults, but it certainly remains a concern
for many families (Nashef 2007).

Distress and Suffering caused by
Seizures

Anyone who has seen a convulsion can
attest to the frightening nature of the
event for an observer. Patients often cry
out, make choking sounds, or look as if
they are not breathing. The movements
of a generalized tonic clonic seizure are
violent, and look as if they would be pain-
ful if experienced in the awake state. Even
partial seizures can be dramatic, with the
patient unable to interact in their typical
fashion. Studies of parents whose child
has had their first febrile seizure indi-
cate that the majority of them thought
that the child was dying (van Stujeven-
berg 1999, Baumer 1981). Most felt that
the seizure "looked dangerous” and was
“probably harmful” to the child. Over half
were very frightened about the prospect
of another seizure. Many parents chan-
ged their habits and woke frequently to
check on their sleeping child, or shared a
bed with them. Between 30 and 60% of
parents polled had post-traumatic stress
symptoms including dyspepsia and insom-
nia after a child's seizure (Balslev 2008).
Families of children with frequent seizu-
res may acclimatize to this worry to some
degree, or may experience the same fear
with each event.

What is harder to quantify is the emo-
tional distress due to the unpredictable
nature and disruptive force of a seizure.
Verbal patients discuss the stress of an-
ticipating the next seizure, of restrictions



in activity and social stigma related to
epilepsy (Livingston 1977). In adolescents
and adults with seizures, both intractable
epilepsy and medication side effects con-
tributed to significantly more poor quality
of life (Wheless 2006). This is likely to be
the case even in a non-verbal patient. Ca-
regivers of children with epilepsy rate in
the clinically significant range for stress
due to feelings of isolation and role re-
strictions (Wood 2008) (Westphal-Guitti
2007). In a survey of families affected by
pediatric epilepsy, there was more paren-
tal stress, and lower ratings of patient self
esteem. These scores correlated with the
number of medications taken, the number
of medical visits in the past year, and the
number of nights spent in the hospital for
neurologic reasons (Camfield 2008). While
the non-verbal child may not experience
the same degree of angst over having a
seizure, it is likely that the loss of inter-
actions, any discomfort associated with a
seizure, and the disruption of the regular
schedule all have an impact for the pa-
tient.

Seizures in End-of-Life Care

In children with critical illness, or at the
end of life, seizures are common and are
a source of great distress for caregivers. In
this setting, seizures may be caused by the
primary brain pathology, including pri-
mary tumors or metastases, anoxic brain
injury, stroke, and infection (Top 2009).
Metabolic derangement in the critically
ill, such as hypoglycemia, hyponatremia,
hypomagnesemia, hypocalcemia, hypoxia
and high fever can lead to symptomatic
seizures. Administration of particular me-
dications can cause seizure or lower the
seizure threshold, including chemothe-
rapy, meperidine, and buproprion. Rapid
withdrawal of benzodiazepines and barbi-
turates can also precipitate seizure (Con-
nelly 2010).

The natural progression and physiolo-
gic events involved in untreated or unsuc-
cessfully treated status epilepticus have
been studied in animals and humans. In
addition to the visible convulsive activity
there is a fairly stereotyped progression
of systemic and neurologic change over
time if the seizure is untreated or unsuc-
cessfully treated. The EEG shows initially
discrete seizures with interictal recovery,
then merging seizures, then continual
seizure activity, then lower amplitudes of
seizure activity, then finally a flat back-
ground with no background brain activity
and only periodic epileptiform discharges.
This is accompanied clinically with the
patient becoming unconscious, and the
visible clinical seizures “burning out” over

time (Treiman 2003). Accounts of status
epilepticus from the pre-antiepileptic era
suggest that the most patients fell into
coma over hours to days, but that clinical
convulsions might continue for days be-
fore cardiac or respiratory failure ensued
(Hunter 1959). Fever, often reaching tem-
peratures greater than 40 degrees Celsius,
can occur within 60-90 minutes of sta-
tus epilepticus. Elevations of serum white
blood cell count and cerebrospinal fluid
white blood cells occur relatively quickly,
due to demargination, and can be present
even after a short seizure. May patients
develop acidosis of primarily metabolic
origin, with the first drop in pH at 1 to 3
minutes of seizure, and dramatic acidosis
within 15 to 20 minutes of seizure. This
acidosis increases the risk of cardiac ar-
rhythmia. Systemic hypertension occurs
quickly, and with loss of cerebral autore-
gulation can lead to marked increases in
cerebral blood flow, up to 200 to 600%
of normal within 5-10 minutes. Systemic
hypertension also contributes to increased
pulmonary pressures and the risk of neu-
rogenic pulmonary edema (Simon 1985).
In patients in the palliative care set-
ting, uncontrolled seizures can result in
pain for the patient due to the seizure
itself. Seizures are also more likely to result
in high fever and respiratory distress and
demise. In a review of deaths due to sta-
tus epilepticus, some patients experienced
gradual cardiac decline but the majority
of young patients without cardiovascular
risk factors had sudden cardiac death rela-
ted to dysrhythmia (Boggs 1998). In pati-
ents with primary brain pathology, such as
a tumor, the terminal event may be a sei-
zure or status epilepticus, accompanied by
cerebral edema and herniation. If an an-
tiepileptic can be administered, it may eli-
minate recurrent clinical seizures and the
associated symptoms. Several medications
are available in rectal formulations, which
can be administered even in a hospice si-
tuation in which there is no intravenous
access or ability to give medication orally
(Connelly 2010). In status epilepticus, ty-
pical antiepileptic medication sometimes
can stop the clinical seizure events, and
minimize the phase in which the un-
conscious patient has recurrent seizures.
Without EEG monitoring and aggressive
treatment, it is still possible that subcli-
nical seizures might continue but the pa-
tient does not regain consciousness, and
remains in a coma. Even with appropriate
antiepileptic medication, it is important to
prepare families for the possibility that a
seizure may occur, and that this might be
the terminal event (Pace 2009). While this
can certainly be distressing for the care-
giver, the patient will be unconscious and

Neuropadiatrie

unaware, and measures can still be taken
to minimize suffering from fever or respi-
ratory distress.

Seizure Management to Minimi-
ze Pain and Suffering

Taking a broad view of seizure manage-
ment in the non-verbal pediatric patient
requires a focus on both prevention of
seizures and specific treatment of seizu-
res, but also on minimizing patient injury
and other discomfort and supporting ca-
regivers who witness the events. In pati-
ents with epilepsy the seizure threshold
is often lowered by poor sleep and viral
illness, so a focus on good sleep hygiene
and routine infectious disease prevention
methods will help minimize the impact of
epilepsy. Working with a neurologist, the
family can focus on prevention of seizures
with typical antiepileptic medications, use
of the vagal nerve stimulator, the keto-
genic diet, and even seizure surgery (Wu-
stoff 2007) (Lulic 2009) (Kinsman 1992).
It is important to assess both the bene-
fits and side effects of treatment because
ataxia, oversedation or gastrointestinal
side effects may lead to medication non-
adherence and certainly can also decrea-
se the overall quality of life for the child
(Camfeld 2001).

Education about seizure precautions is
important to minimize injury from these
unpredictable events. Some patients wear
helmets, in particular those with atonic
seizures in which falls and facial injury is
common. All children are advised to wear
a helmet for high speed sports activities,
such as biking or skating, as an unpro-
tected fall from a seizure could result in
head injury. Families should be warned
about the risk of burn and submersion
injury. Cooking should be supervised and
in some cases avoided. All children should
only swim with a responsible supervising
adult. Young children should be continu-
ally watched while in the bath, and older
children should take showers only after
confirming that another person is home
to check on them. Neurologists routinely
remind families to have patients avoid
high places such as the top bunk of a bed
if they have convulsions. Care must also
be taken when children are on the play-
ground, in particular on climbing struc-
tures. Maintaining good bone health is
important, as a child with osteopenia is
more likely to sustain a fracture during a
seizure. This is a particular risk in children
who do not have a weight-bearing ability
and who take several seizure medications
(Krouwer 2005). Some families change
their sleeping habits to watch the child,
or buy a seizure bed alarm or baby moni-
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tor to catch nocturnal seizures (Fisk 2009).
Families should receive support regarding
the stressful situation of waiting for the
next possible seizure, with practical advice
about how to keep their child as safe as
possible while still living their lives to the
fullest.

Seizure first aide is important to mini-
mize injury or complications from a con-
vulsion or other seizure type. Having in-
formation about the appropriate response
to a seizure may also minimize stress in
observers. Caregivers are advised to place
the patient in rescue position (lying on the
side with head turned down-ward toward
the floor) to avoid choking on secretions
or obstruction from the upper airway and
tongue. They should loosen the patients
clothing, remove glasses, and to move the
patient away from any hazards like wa-
ter or sharp edges of furniture. Caregivers
should not put any object in the mouth
of someone having a seizure, or try to
hold their tongue down in any way. This
maneuver is actually more likely to force
the tongue back and obstruct the airway,
or induce gagging and emesis in the un-
conscious patient. Families are advised to
avoid restraining the patient, as this does
not minimize injury. The patient should
not be given liquid to drink while having
a seizure. While there can be facial color
changes, cardiopulmonary resuscitation is
not necessary. The patient's heart rate is
usually quite high during a seizure, and
the chest wall is often quite tense with
muscle contractions making rescue brea-
thing unsuccessful. Placing a patient in
the CPR position may also lead to airway
obstruction (Connelly 2010). Seizure ab-

ortive or "rescue” medications, specifically
benzodiazepines, are available and may
need to be administered for convulsions
lasting more than 3-5 minutes, or recur-
rent seizures without return to baseline
(Friedrichsdorf 2007). Formulations of
several benzodiazepines are available for
administration by lay persons, via the oral,
nasal and rectal route. It is important to
provide this medication to caregivers and
teach them its appropriate use, both to
minimize the complications of seizures
and to give the caregiver a role and sense
of control over the event (Huang 1998)
(Table 2).

Based on the data above rare seizures
can cause pain as part of the ictal event.
Appropriate treatment for these events
would be to minimize the occurrence of
the seizure. Patients who are able to com-
municate report muscle pain, headache,
and pain from minor or major injury after
a seizure, even if they are entirely am-
nestic for the event. An important part of
good care for the patient with epilepsy in-
cludes assessing for the possibility of the-
se conditions, and providing symptomatic
relief. Warm compresses and massage may
ease muscle pain, and analgesia will likely
be needed for headache, pain from oral
lacerations, dental injury, or more serious
bone and joint injury. In the non-verbal
patient, one should consider the possibili-
ty of these issues if the patient remains ir-
ritable or has a change in behavior beyond
the typical short post-ictal period. This
does not appear to be a common practice
by physicians, but may be an important
part of good care to maximize quality of
life for any patient with epilepsy (Table 3).

This is meant as a baseline, with dosing variations based on age, weight, and other
medications. Please discuss with a neurologist or pharmacist to personalize for your

patient.

Dosage:

e Diazepam-rectal, 0.5- 0.15mg/kg/dose, typically <15kg: 5mg, >15kg: 10mg; can

dose g 5min, max 30mg in 8 hours

e Lorazepam-oral, buccal, IV, 0.05-0.1mg/kg/dose, typical max single dose 2 mg; can

dose g 5min, max 8mg in 12 hours

e Midazolam-nasal, 0.1-0.3mg/kg/dose, typical max dose 10mg; can dose g 5-15

minutes, max 30mg in 8 hours

Typical side effects:

sedation, respiratory depression, risk of bradycardia and hypotension

Special considerations:

- Diazepam commercial gel (Diastat) much more expensive than IV formulation,

both effective

- Buccal dosing of medications during seizure-crushed pill between cheek and gum
- Intranasal Midazolam can be administered with an atomizer - in larger patients

some limitation by volume needed

Table 2: Seizure Rescue Medications
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Prevention

® Use appropriate medication or treat-
ment, minimizing side effects

® Maintain good sleep hygiene

® Prevent illness with good hand hygie-
ne and appropriate immunizations

® Maintain good bone density, in parti-
cular in those who are on antiepilep-
tics or are non-weight bearing

Seizure Precautions

® Avoiding high places like the top
bunk

® Wear a helmet for high-speed activi-
ty like biking or skating (and possibly
routine helmet wearing for those
with atonic seizures)

® Practice water safety - supervised
swimming and bathing, consider
showers instead

e Practice safety when cooking or
handling hot food and liquid

® Consider nocturnal monitoring via
a room-mate, a bed alarm or baby
monitor

Seizure First Aide

® Turn patient to rescue position

® | oosen patient's clothing and move
patient away from hazards

® Do not restrain the patient

® Do not place anything in the
patient's mouth or try to hold the
tongue

® Do not administer liquids orally

® Do not perform CPR

® Time the seizure and administer a
rescue medication as prescribed

Post-seizure Assessment
and Treatment

® Assess patient for injuries: soft-tissue
injuries, lacerations, dental and oral
injuries, joint and bone injurie

® Provide appropriate treatment and
analgesia for any obvious injuries

e |f the patient appears to be in pain
without obvious injury, consider
muscle pain and headache and give a
trial of appropriate treatment

Table 3: Seizure Management to Minimize
Pain and Suffering

Conclusion

Seizures are common in the non-com-
municative pediatric patient, and may be
a source of discomfort primarily in the
post-ictal period. Efforts should be made
to prevent seizures, while minimizing the
impact of medication side effects. Seizure
precautions should be used to minimize
injury and complications, and seizure first
aide should be taught to all possible care-
givers both to prevent harm to the patient



but also to help the caregivers deal with
the stressful experience of observing a sei-
zure. Post-ictal pain may be more common
than previously appreciated, and a trial of
analgesia should be considered if there is
any obvious injury or if there is concern
about headache and muscle pain based
on patient behavior. We cannot entirely
eliminate the anticipatory stress of caring
for a patient with seizures, or the negative
impact that witnessing an event can have.
Reassurance that patients are unaware
and not in pain during a seizure, and rea-
listic discussions of the risk of permanent
injury and death from seizures may help
caregivers to cope. Finally, in the end of
life setting, seizures can be common and
can even be the terminal event. Preparing
caregivers for this and administering me-
dication to minimize the dramatic nature
of the clinical presentation is important.
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Quantitative Sensorische Testung (QST)
zur Schmerzmessung und Untersuchung
des sensorischen Systems bei Kindern

und Jugendlichen
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Zusammenfassung

Storungen im Bereich des periphe-
ren und zentralen Nervensystems fiihren
oft zu einer Verdnderung der sensori-
schen und Schmerzempfindlichkeit. Mit
der Quantitativen Sensorischen Testung
(QST) nach dem Protokoll des Deutschen
Forschungsverbundes  Neuropathischer
Schmerz (DFNS) kénnen die Schmerz- und
Wahrnehmungsschwellen aller Submoda-
litditen des somatosensiblen Systems mit
13 standarisierten Tests quantitativ erfasst
werden. Aus den Messergebnissen der QST
lassen sich Riickschlisse auf Ursachen
und Mechanismen ziehen, die chronische
Schmerzen und Verdnderungen der sen-
siblen Wahrnehmung verursachen. Damit
kann auch die Funktion von diinnen A-
delta- und C-Fasern (Schmerzfasern), des
spinothalamischen Systems (Tractus spi-
nothalamicus) und anderer zentraler Me-
chanismen untersucht werden, die durch
die Neurographie und SSEP nicht erfasst
werden. Bei Erwachsenen wurden mit
diesem Verfahren wichtige Erkenntnisse
uber die Schmerzentstehung gefunden
und eine symptomorientierte Therapie
entsprechend dem QST-Befund ausgear-
beitet. Um QST bei Kindern und Jugend-
lichen einsetzen zu konnen, haben wir die
Tests bei 176 Kindern und Jugendlichen im
Alter von 6-17 Jahren im Gesicht, an der
Hand und am FuB validiert und Referenz-
werte erstellt. Nach unseren Ergebnissen
ist die QST bei Kindern ab 6 Jahren mit
eigenen Referenzwerten valide einsetz-
bar. Wir fanden interessante Alters- und
Geschlechtsunterschiede der sensorischen
Wahrnehmung. Danach sind jlingere Kin-
der (6-8 Jahre) weniger sensibel fir alle
Wahrnehmungsreize, aber sensibler fir
alle Schmerzreize als dltere Kinder (9-12
Jahre). Zwischen dlteren Kindern und Ju-
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gendlichen (13-17 Jahre) fanden sich nur
minimale Unterschiede. Méadchen sind
fur thermische, aber nicht fiir mechani-
sche Wahrnehmungs- und Schmerzreize
empfindlicher als Jungen. Das Gesicht ist
bei allen Kindern und Jugendlichen emp-
findlicher als die Hand und/oder der FuB.
Im Vergleich zu Erwachsenen finden sich
deutliche Unterschiede zu den Referenz-
werten, aber nicht zu den Verteilungsei-
genschaften der Werte (Range, Varianz,
Seitenunterschiede). Wir erwarten vom
Einsatz der QST bei Kindern und Jugend-
lichen eine Verbesserung der Diagnostik
von chronischen Schmerzstérungen und
der Klassifikation von neuropathischen
Schmerzen sowie Erkenntnisse tber die
zugrunde liegenden neurobiologischen
Mechanismen.

Schliisselworter

Quantitative Sensorische Testung -
Schmerzmessung - sensorisches System
- chronische Schmerzen - Kinder - Ju-
gendliche

Quantitative Sensory Testing
(QST) for the Examination
of Chronic Pain and Sensory
Changes in Children and
adolescents

Abstract

Abnormalities of the peripheral and
central nervous system often lead to sen-
sory and pain perception abberations.
With the Quantitative Sensory Testing
(QST) protocol of the German Research
Network on Neuropathic Pain (DFNS) it
is possible to analyze pain- and detection
thresholds of all somatosensory modalities
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with 13 standardized tests. Results of the
QST indicate pathologies and mechanisms
for chronic pain and sensory changes. With
QST it appears feasible to assess the func-
tioning of all different peripheral nerve
fibers and of central pathways including
the myelinated A-delta non-myelinated
C-fibres and the spinothalamic pathways.
QST results helped to explain pain mecha-
nisms and to improve symptom orientated
therapy in adults. To validate this QST pro-
tocol also in children and adolescents, we
examined 176 children aged 6-17 years
(face, hand and foot) and established ref-
erence values. Our results demonstrate
that the full QST protocol is feasible and
valid for children above 5 years of age
with their own reference values. Results
revealed developmental, gender and body
site differences of somatosensory func-
tions. Younger children (6-8 years) were
less sensitive to all detection stimuli, but
more sensitive to all pain stimuli than
older (9-12 years) children. There were
little differences between older children
and adolescents (13-17 years). Girls were
more sensitive to thermal detection and
pain stimuli, but not to mechanical de-
tection and pain stimuli. For all subjects
the face was more sensitive than the hand
and/or foot. Compared to adults reference
values differed, but distribution proper-
ties (range, variance and side differences)
were similar. From QST we expect im-
provement of diagnosis, neuropathic pain
classification and detection of underlying
mechanisms for chronic pain in children
and adolescents.

Key Words

Quantitative Sensory Testing - pain as-
sessment - chronic pain - sensory system
- children - adolescents
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Einleitung

Chronische Schmerzsyndrome haben
bei Kindern und Jugendlichen in den
letzten Jahren zugenommen. In Deutsch-
land leiden ca. 200.000 Kinder unter
chronischen  Schmerzen unterschiedli-
cher Ursache [1]. Der Schmerz hat seine
Warnfunktion verloren und ist zu einem
eigenstandigen Krankheitsbild geworden.
Er beeintrachtigt die Leistungsfahig-
keit und Lebensqualitdit mit weitgehen-
den psychosozialen Folgen (Schulaus-
fall, emotionale Belastung). Chronische
Schmerzen bei Kindern bleiben ohne Be-
handlung meist bis ins Erwachsenenalter
bestehen. Im Gegensatz zu Erwachsenen
sind die Entstehungsmechanismen von
chronischen Schmerzen bei Kindern und
Jugendlichen noch wenig erforscht [2].
Chronische Schmerzen entstehen haufig
durch eine Funktionsstérung im Bereich
der Nervenendigungen und Schmerzre-
zeptoren (nozizeptives System) oder der
peripheren bzw. zentralen Nervenbah-
nen und der weiterverarbeitenden Syste-
me (neuropathische Schmerzen). Da die
Schmerzverarbeitung auf emotionaler
Ebene stattfindet, kommt es auBerdem
fast immer zu einer sekunddren Schmerz-
verstarkung nozizeptiver und neuropathi-
scher Schmerzreize. An der Aufrechterhal-
tung von Schmerzen sind dariiber hinaus
kortikale und subkortikale Reorganisati-
onsprozesse beteiligt. Eine Ubertragung
der wissenschaftlichen Ergebnisse von
Erwachsenen auf Kinder ist nur mit Ein-
schrankungen maoglich, da sich bei zahl-
reichen chronischen Schmerzerkrankun-
gen im Kindesalter andere Symptome und
Befunde zeigen als bei Erwachsenen (z. B.
komplexes regionales Schmerzsyndrom).
Ein mdglicher Grund hierfiir ist, dass sich
die Entstehungsmechanismen fiir neuro-
pathische Schmerzen im Kindes- und Er-
wachsenenalter unterscheiden. Im Kindes-
alter ist die Klassifikation und die Patho-
physiologie neuropathischer Schmerzen
bis jetzt nicht ausreichend wissenschaft-
lich untersucht. Dariiber hinaus scheint
bei Kindern die emotionale Bewertung
und das kognitive altersabhdngige Ver-
stdndnis von Schmerzreizen eine andere
Rolle zu spielen als bei Erwachsenen. Fiir
die Therapie von chronischen Schmerzen
ist es aber wichtig, zwischen nozizeptiven
und neuropathischen Schmerzen sowie
dem Einfluss emotionaler Faktoren auf

das kindliche Schmerzerleben zu unter-
scheiden, um sie differenziert beeinflus-
sen zu konnen. Bislang fehlten geeignete
Untersuchungsinstrumente bei Kindern
und das ndétige Hintergrundwissen, um
das psychologische und biologische Ent-
wicklungsstadium bei der Klassifikation
und Diagnostik nozizeptiver und neuro-
pathischer Schmerzen beriicksichtigen zu
kénnen.

Die Quantitative Sensorische
Testung (QST) nach dem Proto-
koll des Deutschen Forschungs-
verbundes Neuropathischer
Schmerz (DFNS)

Die QST wurde vom ,Deutschen
Forschungsverbund Neuropathischer
Schmerz" (DFNS) entwickelt, um die Ur-
sache chronischer Schmerzen zu unter-
suchen. Die Quantitative Sensorische Tes-
tung (QST) besteht aus 13 standardisierten
Tests mit denen die Schmerz- und Wahr-
nehmungsschwellen aller Submodalitaten
des somatosensiblen Systems quantitativ
erfasst werden kdnnen. Die Kilte- und

Thermoanalyser, TSA 2001-11 Medoc Israel
Ausgangstemperatur 32°, 0°-50°

Pinprick punctate probes mit 8, 16, 32, 64, 128, 256 und
512 mN (Universitit Mainz)

Stimmgabel nach Rydel-Seiffer, 64 Hz

Abb. 1: Untersuchungsinstrumente fiir die QST
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Warmedetektionsschwelle, die Kilte- und
Hitzeschmerzschwelle und die thermische
Unterschiedsschwelle und paradoxe Hit-
zeempfindung werden mit einem Thermo-
analyser (Abb. 1) bestimmt. Die mechani-
sche Detektionsschwelle wird mit von
Frey-Filamenten, die Vibrationsschwelle
mit einer Rydel-Seiffer-Stimmgabel und
die Druckschmerzschwelle mit einem
Druckalgometer untersucht (Abb. 1).
Die mechanische Schmerzschwelle, die
mechanische Schmerzsensitivitit (Reiz/
Antwort-Kurve auf einer numerischen
Rating-Skala) und das Verhiltnis der
Schmerzintensitat von Reizserien zu Ein-
zelreizen (Windup) werden mit Pinpricks
und die mechanisch-dynamische Allody-
nie mit Pinsel, Q-Tip und Watte bestimmt
(4, 5).

Aus den Messergebnissen der QST las-
sen sich Riickschliisse auf die Funktionen
des somatosensorischen Nervensystems
von den Schmerzrezeptoren lber die ver-
schiedenen afferenten Nervenfasern bis
zum ZNS ziehen (s. Tab. 1). Damit kann
auch die Funktion von diinnen A-delta-
und C-Fasern (Schmerzfasern) sowie des
spinothalamischen Systems (Tractus spi-
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Von Frey Filamente mit Kréften von 0.25, 0.5, 1, 2,
4, 8,16, 32, 64, 128, 256 und 512 mN, MARSTOCK

Wattebausch (3 mN), Q-Tip (100 mN)
Pinsel (200-400 mN), SENSELab AB™

Druckalgometer, FDN 100, Wagner Instr.
Stimulusintensitat von 0 bis 1000 kPa
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Tab. 1: Nervenfasereigenschaften

Afferente Nervenbahnen

Peripher Zentral Deafferenzierung

AB, myelinisiert Hinter- Tactil, Vibration QST: Hypoasthesie

dick (7-15 um) strange (taktil, Vibration),

NLG >40 m/s Neurographie, EMG, SSEP
Ad, myelinisiert Vorder- Temperatur,Schmerz QST: Hypoasthesie

diinn (3-5 pm) Seiten- (stechend, brennend), (thermisch), Hypo-algesie
NLG 5 - 50 m/s strange lokalisierbar (mechanisch)

C, unmyelinisiert
sehr diinn (1 um)
NLG 1 m/s

Funktion,Wahrneh-
mungseigenschaft

(Hitze-)Schmerz
(bohrend, dumpf)
unlokalisierbar

Stérung

QST: Hypoalgesie (Hitze)

NLG: Nervenleitgeschwindigkeit, EMG: Elektromyographie; SSEP: Somatosensorisch evozierte Potentiale

nothalamicus) untersucht werden, die
durch die Neurographie und SSEP nicht
erfasst werden [3-5]. Bei der Neurogra-
phie werden nur die schnellleitenden
myelinisierten afferenten (A-alpha- und
A-beta-) Fasern erfasst, die nur 10-20%
der Fasern in peripheren Nerven ausma-
chen. Somatosensorisch evozierte Poten-
ziale (SEP) erfassen nur die Funktion der
Hinterstrdnge und das lemniskale System.
Mit der QST konnte bei Erwachsenen
gezeigt werden, dass die Funktion nozi-
zeptiver und afferenter langsam leiten-
der Deltafasern (A-delta- und C-Fasern)
sowie das spinothalamische System und
zentrale Verarbeitungsmechanismen hiu-
fig bei chronischen Schmerzen gestort
sind [4]. Durch die QST kénnen Ursachen
und Mechanismen chronischer Schmerzen
haufig auf eine pathophysiologische Basis
zuriickgefiihrt werden. Dieses Verfahren
war bislang nicht fiir die Diagnostik und
Therapie von Kindern und Jugendlichen
einsetzbar, da die Referenzwerte altersab-
hangig sind und nicht auf Kinder und Ju-
gendliche tibertragen werden kdnnen. Da
die Methode nicht invasiv, leicht erlernbar
und kosteneffizient ist, scheint QST geeig-
net fiir die Untersuchung von Kindern.

Validierung der QST bei gesun-
den Kindern und Jugendlichen

Um die QST bei Kindern und Jugend-
lichen einsetzen zu konnen, haben wir
das QST-Protokoll des DFNS fiir Kinder
und Jugendliche im Alter von 6 bis 18
Jahren adaptiert und den Einfluss von
Alter, Geschlecht und Kérperregion auf
die Ergebnisse untersucht, um Referenz-
werte zu erstellen [6]. Dafiir wurden 176
gesunde Kinder und Jugendliche zwischen
6-16 Jahren (n = 8 Madchen und 8 Jun-
gen pro Jahrgang) mit dem QST-Protokoll
des DFNS im Gesicht sowie am Hand- und
FuBriicken untersucht. Die statistische
Auswertung erfolgte nach logarithmi-
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scher Datentransformation zur sekundar-
en Normalisierung der Verteilung (aus-
genommen das Vibrationsempfinden, die
Anzahl paradoxer Hitzeempfindung und
die thermischen Schmerzschwellen). Un-
terschiede zwischen der Untersuchungs-
region, Alter und Geschlecht wurden mit
einer ANOVA (Bonferroni-Korrektur) be-
rechnet und intra-individuelle Seitenun-
terschiede zwischen rechts und links mit
einer Bland-Altman-Analyse.

Alle Probanden jenseits des flinften Le-
bensjahres haben die Untersuchungsinst-
ruktionen richtig verstanden und befolgt.
Das numerische Verstandnis fiir die NRS
war bei allen Kinder im Alter > 7 Jahre
ausreichend. Niemand brach die Unter-
suchung (33 Minuten fir eine Region)
vorzeitig ab oder gab Schmerzen an. Die
QST-Parameter unterschieden sich am
starksten in Abhdngigkeit von der Kor-
perregion und vom Alter. Am sensibels-
ten war das Gesicht (p < 0,001) fiir alle
Parameter. Die Hand war sensibler fir
thermische Wahrnehmungs- und Druck-
schmerzreize (p < 0,001) und der FuB
fir mechanische Wahrnehmungs- und
Schmerzreize (p < 0,001). Jingere Kin-
der waren weniger sensibel fiir thermi-
sche Wahrnehmungsreize und Vibration
(p = 0,0059-0,001), aber sensibler fiir alle
Schmerzreize (alle p < 0,001), bis auf Kl-
teschmerz und taktilen Schmerz. Dagegen
waren dltere Kinder nur sensibler fir ther-
mische Schmerzreize und Druckschmerz
als Jugendliche (p = 0,053-0,002). Die
Schmerzsummation  beim  Wind-up-
Quotient erreichte ein Plateau ab dem 9.
Lebensjahr bei 2,5 (p < 0,001). Die taktile
Detektion lag bei allen Kindern im Bereich
der geringsten Reizstarke (bottom effect),
so dass Unterschiede mit dieser Methode
nicht erfasst werden konnten. Madchen
waren sensibler als Jungen fiir thermische
Wahrnehmungs- und Schmerzreize sowie
fiir Druckschmerz (p = 0,034-0,003). Ein
Zusammenhang der QST-Testergebnisse
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Sensibilisierung

Periphere Zentrale

QST:
Hyperalgesie
(mechanisch)
Allodynie
Hypoasthesie
(thermisch)

QST: Hyperalgesie
(mechanisch)

QST: Hyperalgesie
(Hitze)

mit der Anwesenheit einer Begleitperson
und dem Geschlecht des Untersuchers
fand sich nicht.

Aufgrund dieser Ergebnisse wurden
Referenzwerte fiir Region, Alter (jun-
ge Kinder 6-8 Jahre, altere Kinder 9-12
Jahre und Jugendliche 13-16 Jahre) und
Geschlecht berechnet. Die Konfidenzin-
tervalle waren fiir Wahrnehmungsreize
kleiner als flir Schmerzreize und fiir tak-
tile Reize kleiner als fiir thermische Reize.
Das Konfidenzintervall fiir alle thermi-
schen Wahrnehmungs- und Schmerzreize,
Druckschmerz, die mechanische Schmerz-
schwelle und mechanische Schmerzsen-
sitivitait hatte einen oberen und unten
Wert, so dass theoretisch eine Hypasthesie
und Hyperasthesie als auch eine Hypalge-
sie und eine Hyperalgesie auftreten kon-
nen. Das Konfidenzintervall fiir die taktile
Detektion hatte nur einen unteren und die
Vibration nur einen oberen Wert (bottom
effect). Beim Wind-up-Quotienten fiir die
Schmerzsummation lag der untere Wert
des Konfidenzintervalls bei 1. Das Fehlen
von Schmerzsummation ist normal. Pa-
radoxe Hitzesensation und mechanisch
dynamische Allodynie wurde von keinem
Probanden wahrgenommen und sind so-
mit immer pathologisch. Neben den Kon-
fidenzintervallen fiir die Referenzwerte
wurden Konfidenzintervalle fiir patholo-
gische Seitenunterschiede berechnet, die
zeigen ab welchem Wert eine Abweichung
pathologisch ist. Seitenunterschiede wa-
ren durchschnittlich 1,9 + 0,8 mal sensib-
ler als die Referenzwerte.

Diskussion

Das-QST Protokoll des DFNS ist bei
Kindern und Jugendlichen ab dem 6. Le-
bensjahr valide einsetzbar. Wie bei ande-
ren sensiblen Untersuchungen bei Kindern
und Jugendlichen sind die Untersuchungs-
ergebnisse abhingig von der Untersu-
chungsregion [4; 7-13] und vom Alter



[14-20]. M6gliche Ursachen der groBeren
Wahrnehmungs- und Schmerzempfind-
lichkeit im Gesicht sind eine hohere In-
nervationsdichte und geringere Leitungs-
distanz zum Gehirn sowie die geringere
Epidermisdicke [11; 21; 22]. Die altersab-
hangigen Unterschiede sind vermutlich
neurobiologisch verursacht. Eine Zunah-
me der Wahrnehmungsempfindlichkeit
und eine Abnahme der Schmerzempfind-
lichkeit mit dem Alter findet sich auch bei
Ratten [23-25]. Sie beruhen vermutlich
auf Reifungs- und taktilen Lernprozessen
[24] von Interneuronen im Kortex und im
Hinterhorn des Riickenmarks, wo sensible
Afferenzen unterschiedlicher Modalitaten
integriert werden [23-25]. Wahrscheinlich
spielen auch andere Faktoren wie Auf-
merksamkeit [26] und die altersabhingige
unterschiedliche emotionale Bewertung
und das kognitive Verstandnis von nozi-
zeptiven Reizen eine wichtige Rolle [6]. Fur
die Schmerztherapie ist es moglicherwei-
se wichtig, altersspezifische Unterschiede
starker zu berlcksichti-

[4]. Noch sensitiver als die Referenzwerte
sind intraindividuelle Unterschiede zwi-
schen rechter und linker Seite wie bei Er-
wachsenen [4]. Aus diesem Grund ist bei
Patienten mit einseitigen Schmerzen der
Vergleich der kranken Seite mit den Wer-
ten der gesunden Seite besser als der Ver-
gleich mit den Referenzwerten. Damit ein
Wert im Seitenvergleich als pathologisch
eingestuft werden, kann muss er abhédngig
vom QST-Parameter um das 2- bis 3-Fache
uber bzw. unter dem Wert der gesunden
Gegenseite liegen. Das Ausmal3 der Abwei-
chung fiir pathologische Werte wurde fiir
jeden QST-Parameter separat berechnet
und publiziert [6]. Diese Werte und auch
die Konfidenzintervalle der Referenzwer-
te sind fir die taktile Wahrnehmung und
das Vibrationsempfinden deutlich kleiner
als fur die thermische Wahrnehmung und
die Schmerzwahrnehmung. Das liegt da-
ran, dass die Diskriminationseigenschaf-
ten von Mechanorezeptoren besser sind
als von Nozizeptoren und die Weiterlei-

tungseigenschaften von myelinisierten
AB-Fasern und Hinterstrangen besser sind
als von A8-/C-Fasern und Vorderseiten-
strangen [27].

Damit ist die Grundlage fiir den brei-
ten klinischen Einsatz der QST bei Kindern
und Jugendlichen gelegt. Dadurch werden
Schmerzen und Sensibilitatsstérungen bei
Kindern und Jugendlichen besser diffe-
renzierbar und behandelbar. Das folgende
Beispiel zeigt, wie die QST als ,verldngerter
Arm" der neurologischen Untersuchung
bei einer Patientin mit multipler Sklerose
helfen kann, Empfindungsstérungen im
Rahmen einer dngstlich erhdhten Korper-
selbstaufmerksamkeit von neurologischen
Reiz- und Ausfallserscheinungen im Rah-
men eines Schubes zu differenzieren.

Kasuistik

Ein 14-jéhriges Mddchen mit einer
multiplen Sklerose (MS) entwickelte beim
ersten Schub 2008 Sensibilitdtsstérun-

gen. Geschlechtsspezifi- 5

sche Verinderungen sind 4 | Standardabweichung O rechts
dagegen zu vernachlds- a M links
sigen. Unsere Ergebnisse 5

sprechen gegen eine er-

hohte Schmerzempfind-
lichkeit bei Madchen. Die | °

CDT WDT TSL T T

PPT MPT MPS W

MDT VDT DMA PHS

Standardabweichung

Ursache der grdBeren -1
thermischen  Empfind- -2
lichkeit bei Madchen -3
im Vergleich zu Jungen -4
ist unklar. Da wir keine 5
Unterschiede zwischen

Madchen vor und nach

Standardabweichung

Hyperalgesie

[ rechts

der Pubertat fanden, sind

M links

hormonelle Faktoren

[26] unwahrscheinlich.

Mdoglicherweise handelt
es sich um ein Artefakt.
Um unsere Ergebnisse zu
Uberpriifen, haben wir
eine weitere Studie zu | 4

TSL CPT HPT

PPT MPT MPS WUR

Geschlechts- und Alters-

Hypoésthesie

unterschieden mit einer

| Standardabweichung

Poweranalyse aus diesen
Daten bei gesunden Jun-
gen und Madchen im Al-
ter von 7 Jahren und 14
Jahren durchgefiihrt.
Durch den Vergleich
mit den publizierten Re-
ferenzwerten kénnen die
Untersuchungsergebnis-
se der QST bei Kindern
und Jugendlichen beur-
teilt werden [6]. Die Re-
ferenzwerte unterschei-
den sich deutlich von
den QST Erwachsenen-
referenzwerten des DFNS

zesensation
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CDT: Kaltschwelle, WDT: Warmschwelle, TSL: Unterschiedsschwelle zwischen kalten und warmen Reizen, CPT: Kélteschmerzschwelle, HPT: Hitze-
schmerzschwelle, PPT: Druckschmerzschwelle, MPT: Mechanische Schmerzschwelle, MPS: Mechanische Schmerzsensitivitdt, WUR: Wind-up-Ratio
(Empfindungsstirke einer Reizserie 1Hz/Einzelreiz), MDT: Tactile Detektionsschwelle, VDT: Vibrationsschwelle, DMA: Allodynie, PHS: Paradoxe Hit-

Abb. 2: Z-Profil einer QST-Untersuchung der FiiBe bei einer 14-jahrigen Patientin mit multipler Sklerose. Durch die
Z-Transformation werden die unterschiedlichen MaBeinheiten der 13 QST-Untersuchungen auf ein vergleichbares
MaB transformiert, das die Abweichung des Untersuchungsergebnisses eines Patienten vom Konfidenzintervall der
Referenzwerte darstellt. Abweichungen nach unten zeigen eine Hypoésthesie und Abweichungen nach oben eine
Hyperalgesie an. Die obere Abbildung zeigt einen unauffélligen QST-Befund bei unauffalligem MRT des Kopfes im
Intervall zwischen 2 Schiiben. Die untere Abbildung zeigt ein pathologisches QST-Profil mit einer kombinierten
thermisch und mechanischen Hypoisthesie (Wahrnehmungsschwellen fiir thermische und taktile Reize sowie das
Vibrationsempfinden auBerhalb der 2-fachen Standardabweichung der Referenzwerte) als Hinweis auf eine Funk-
tionsstérung der lemniskalen Bahnen und eine Hyperalgesie auf Hitze, Druck und mechanische Reize sowie eine
Allodynie als Hinweis auf eine Funktionsstérung der extralemniskalen Bahnen durch einen neuen Kontrastmittel
aufnehmenden Herd im MRT rechts periventrikuldr wahrend des zweiten Schubes. Die Patientin gibt bei beiden
Untersuchungen Empfindungsstérungen im linken Bein an, die bei der neurologischen Untersuchung nicht vonein-
ander zu unterscheiden sind.
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gen, Schmerzen und eine leichte Parese im
rechten Bein. Die Symptomatik bildete sich
unter Therapie mit hochdosierten Steroi-
den im Verlauf von ca. 6 Wochen vollstdn-
dig zuriick. Im MRT fanden sich 2 kleine
Kontrastmittel aufnehmende Herde peri-
ventrikuléir bds. und ein Herd im Spinal-
kanalhinterhorn in Hohe LWK 5 rechts, die
sich bei den Verlaufskontrollen ebenfalls
langsam zuriickbildeten. Im Liquor fanden
sich eine leichte Pleozytose, ein patholo-
gischer Delpech-Lichtblau-lgG-Quotient
(1, 2) und oligoclonale Banden. Seitdem
entwickelte sie mehrfach im Quartal Sen-
sibilitdtsstérungen und Schmerzen in
den Extremitdten unterschiedlicher Lo-
kalisation tber mehrere Tage bei hoher
Angstlichkeit und Selbstaufmerksamkeit.
Die Patientin gibt bei der neurologischen
Untersuchung  jeweils  Empfindungs-
stérungen an unterschiedlichen Orten
an, die topisch nicht sicher zugeordnet
werden kdnnen. Bei der QST und bei den
MRT-Kontrollen zeigt sich wiederholt ein
Normalbefund (Abb. 2). Etwa 18 Monate
nach dem ersten Schub stellt sie sich mit
gleichartigen Empfindungsstérungen vor,
die bei der neurologischen Untersuchung
nicht von den vorausgehenden Sympto-
men zu differenzieren sind. Jetzt zeigt die
QST eine kombinierte thermische und me-
chanische Hypodsthesie als Hinweis auf
eine Funktionsstdrung der lemniskalen
Bahnen und eine Hyperalgesie auf Hitze,
Druck und mechanische Reize als Hinweis
auf eine Funktionsstérung der extralem-
niskalen Bahnen. Bei der MRT-Kontrolle
finden sich zwei neue Kontrastmittel auf-
nehmende Herde periventrikuldr rechts in
der Néihe der hinteren Capsula interna als
Hinweis auf den zweiten Schub.

Ausblick

Derzeit untersuchen wir die Giite der
QST fiir die Unterscheidung zwischen or-
ganischen und somatoformen Schmerz-
storungen. AuBerdem fiihren wir mehrere
Studien bei Patienten mit Erkrankung des
peripheren (hereditére, traumatische und
stoffwechselbedingete Neuropathien) und
zentralen (Cerebralparesen, CRPS) Nerven-
systems durch, um zu klaren, bei welchen
Krankheiten neuropathische Schmerzen
auftreten und um die klinischen Kriterien
flr die Klassifikation von neuropathischen
Schmerzen bei Kindern empirisch besser
zu erfassen.
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Aufruf zur Teilnahme an der Erfassung von Behandlungen
mit Stiripentol (Diacomit®)

Liebe Kolleginnen
und Kollegen,

die Substanz Stiripentol ist
zur Behandlung des Dravet-
Syndroms in Deutschland als
Orphan Drug zugelassen. Die-
se Zulassung ist als vorlaufig
anzusehen, die Europdische
Zulassungsbehorde  verlangt
bis Ende 2011 die Vorlage von
mindestens 200 dokumentier-
ten Behandlungsfallen, die im
Rahmen einer internationalen
Studie ,Diavey" gewonnen
werden. Dazu ist es notwendig,
die Patienten bis zum Mai 2011
in die Studie einzuschlieBen.

Der Hauptanteil der einge-
schlossenen Patienten kommt
aus Frankreich und Deutsch-
land. In den vergangenen 212
Jahren konnten 157 Patienten
rekrutiert werden, es verbleibt

nur noch ein gutes halbes Jahr,
um die fehlenden 43 Patienten
in die Studie einzubringen.
Zweck dieser Studie ist vor-
wiegend die Sammlung von
Sicherheitsdaten, die fiir die
Aufrechterhaltung der Zulas-
sung des Medikaments not-
wendig sind. Wird das Studien-
ziel nicht erreicht, verfallt die
Zulassung des Medikaments.
Es ist keine interventionelle
Studie, die Behandlung richtet
sich ausschlieBlich nach klini-
schen Notwendigkeiten, die
Studie dient nur zur therapie-
begleitenden Datensammlung.
Ich bitte Sie daher, wenn Sie
planen, ein Kind mit Stiripen-
tol zu behandeln, an die Studie
zu denken und Kontakt mit mir
aufzunehmen. Die Behandlung
kann dann in Kooperation mit

dem jeweiligen Priifzentrum
durchgefiihrt werden, die Er-
fassung der studienrelevanten
Daten erfordert nur wenige
Kontakte mit dem Priifzen-
trum. Die enge verbleibende
Studiendauer erlaubt es nicht,
weitere Priifzentren einzu-
richten. Das Verhidltnis aus
verkauften Packungen und
erfassten Patienten spricht da-
flir, dass nur ein geringer Teil
der Behandlungen durch die
Studie erfasst wird.

Ich verfasse dieses Rund-
schreiben als nationaler Koor-
dinator der Studie. Ich moch-
te dieses Schreiben jedoch
keinesfalls als Aufforderung
verstanden wissen, Patienten
mit Stiripentol zu behandeln.
Dies ist selbstverstandlich Ihre
therapeutische Entscheidung.

Webauftritt ChildrenMS (www.childrenMS.de)

Sehr geehrte Kolleginnen
und Kollegen,

hiermit mochte ich lhnen
mitteilen, dass unsere Websei-
te zur padiatrischen Multiplen
Sklerose (MS), die sich speziell
an betroffene Kinder und Ju-
gendliche richtet, seit kurzem
online ist. Die Seite ist entstan-
den im Verbund ChildrenMS
des krankheitsbezogenen Kom-
petenznetzes Multiple Sklerose
(KKNMS) mit Foérderung durch

das Bundesministerium fur Bil-
dung und Forschung (BMBF).
Die Seite wendet sich auch an
Eltern betroffener Kinder und
Jugendlicher sowie an Exper-
ten. Auf der Expertenseite wird
unter der Rubrik ,Klinische Stu-
dien" auf die BETAPAEDIC-Stu-
die, die erste europdische The-
rapiestudie zur kindlichen MS
hingewiesen. Diese untersucht
prospektiv, ob eine friihzeitige
Behandlung péadiatrischer MS-

Patienten mit beta-Interfero-
nen das Auftreten von Schii-
ben und/oder Fortschreiten von
Krankheitssymptomen verzo-
gern und damit langfristig Be-
hinderungen entgegenwirken
kann. Fir diese Studie werden
noch Kinder und Jugendliche
im Alter zwischen 12 und 16
Jahren gesucht, bei denen eine
schubformig verlaufende MS
diagnostiziert wurde und die
erstmals eine immunmodula-

Es geht darum, dass maglichst
viele der durchgefiihrten Be-
handlungen in der Sicherheits-
studie erfasst werden kénnen.

Ich  handle mit diesem
Schreiben nicht im Auftrag des
Herstellers. Es wére aber scha-
de, wenn uns durch Wegfall
der Zulassung von Stiripentol
eine therapeutische Option fiir
ein schwer behandelbares Epi-
lepsiesyndrom wieder verloren
gehen wiirde.

Prof. Dr. med. Ulrich Brandl
Direktor der Abteilung

fiir Neuropadiatrie

Klinik fuir Kinder- und
Jugendmedizin
Universitatsklinikum Jena
ulrich.brandl@med.uni-
jena.de

torische Behandlung mit Beta-
Interferonen erhalten sollen.

Prof.

Dr. med. Jutta Gartner
Direktorin der Abteilung 2
Mit Schwerpunkt
Neuropadiatrie
Universitatsklinikum
Gottingen
gaertnj@med.uni-
goettingen.de

Personalia

Priv.-Doz. Dr. med. Martin Staudt auf Stiftungsprofessur
«Neuroplastizitat des kindlichen Gehirns" in Tiibingen berufen

Priv.-Doz. Dr. med. Martin
Staudt, stellv. Chefarzt der
Klinik fiir Neuropadiatrie und
Neurorehabilitation, Epilep-
siezentrum fiir Kinder und
Jugendliche der Schon Klinik
Vogtareuth (Siidostbayern),
wurde zum 1. August 2010
- parallel zu seine arztlichen

Tatigkeit - auf eine Stif-
tungsprofessur der Eberhard
Karls Universitdt Tiibingen
berufen. Diese neu geschaf-
fene Professur geht der Fra-
ge nach, wie frithe Schadi-
gungen die Entwicklung des
kindlichen Gehirns beeinflus-
sen und welche Mdoglichkei-

ten der Kompensation und
Reorganisation es danach
gibt. Unter ,Neuroplastizitat"
versteht man die Fahigkeit
des Gehirns, seine Struktur
und Organisation an Verdn-
derungen, wie Schiden oder
Lernanforderungen, anzupas-
sen. Die Stiftungsprofessur

Neuropadiatrie

ist Ergebnis einer Kooperati-
on zwischen der Universitit
und der Klinikgruppe SCHON
KLINIK.

Vor seinem Wechsel im Jah-
re 2008 an die Schon Klinik
Vogtareuth war Prof. Dr. med.
Martin Staudt als Oberarzt an
der Abteilung Neuropidiatrie
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und
gie der Klinik fir Kinder- und
Jugendmedizin der Eberhard-

Entwicklungsneurolo-

Karls-Universitat Tlbingen
tatig. Hier zahlt die Plastizitat
des sich entwickelnden Ge-
hirns (Developmental Neuro-
plasticity) zu den Forschungs-
schwerpunkten. Professor
Staudts  Forschungstatigkeit
miindete in Gber 30 wissen-
schaftliche Publikationen und
sieben Wissenschaftspreise -
darunter den ,Hans Jorg Weit-
brecht Wissenschaftspreis” fiir

Im Januar 2011 verabschiedet sich

klinische Neurowissenschaften
(2007).

Synergien fiir Patienten:
Kooperation von Forschung
und klinischer Praxis

Von der Kooperation ver-
sprechen sich die Universitat
sowie die Schon Klinik Syner-
gien fiir Patienten. Die Klinik-
gruppe ist an sieben von zwolf
Standorten auf Neurologie
spezialisiert und gehort mit
einer Neuropddiatrie in der
Schon Klinik Vogtareuth zu
den international fiihrenden
Zentren flr die stationdre Re-
habilitation von neurologisch
erkrankten und verunfallten
Kindern. Daflr stehen ins-
gesamt 45 stationdre Platze
(Friihrehabilitation und wei-
terfiihrende  Rehabilitation)
zur Verfliigung. Die wissen-
schaftliche Begleitung des
Rehabilitationsverlaufs dieser
kleinen Patienten bietet die
Chance, die ,Developmental
Neuroplasticity" weiter zu un-
tersuchen. ,Mit unserer neu-

Hamburg, in den Ruhestand

Herr Professor Dr. Karl Ben-
tele wurde am 9. Dezember
1944 im baden-wirttembergi-
schen Ravensburg geboren. Die
Eltern waren Gutsbesitzer auf
einem landwirtschaftlichen
Lehrbetrieb. Hierdurch ge-
pragt, schloss er zunachst eine
landwirtschaftliche Ausbil-
dung ab und machte einen Ab-
schluss auf der landwirtschaft-
lichen Fachschule Ravensburg.
Nach Tatigkeit in der Fiirstlich
Hohenzollern'schen Gutsver-
waltung, absolvierte er den
Grundwehrdienst bei der Bun-
deswehr, wo er sich entschied,
die allgemeine Hochschulreife
nachzuholen. Diese schloss er
inklusive groBem Latinum ab
und studierte fortan Human-
medizin an der Universitat
Hamburg. Ein Stipendium des
Deutschen Akademischen Aus-
tauschdienstes  ermdglichte
ihm einen Studienaufenthalt
in Japan an der Universitdt Tot-
tori (Medizinische Fakultit Yo-
nago). Bemerkenswert ist, dass

32 Neuropéadiatrie

dieser Aufenthalt Professor
Bentele derart inspirierte, dass
er sich fir Japanologie ein-
schrieb. Dieses Studium fiihr-
te er noch iber das Ende des
Medizinstudiums fort. Im Jahre
1978 promovierte Herr Bente-
le am Pharmakologischen Ins-
titut der Universitdit Hamburg
bei Professor Dr. Benthe mit
dem Thema: ,Spektralphoto-
metrische  Untersuchungen
liber die Affinitat einer Serie
homologer  Chlorobiphenyle
zum mikrosomalen Cytochrom
P450 der Rattenleber nach
Vorbehandlung mit polychlo-
rierten Biphenylen und ande-
ren Induktorsubstanzen”. Nach
Approbation zum Arzt und
Promotion zum Dr. med. absol-
vierte Herr Bentele iber dies
das US-Amerikanische Staats-
examen (EFCMG). Breit aus-
gebildet trat er Im Jahr 1979
dann zum zweiten Mal ins
Berufsleben ein, war zunichst
wissenschaftlicher  Assistent
an der Universitits-Kinderkli-
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ropadiatrischen Rehabilitation
erganzen wir das Spektrum
der Universitatsklinik und wer-
den zukiinftig gemeinsam mit
Tlbinger Wissenschaftlern in
Vogtareuth  klinischen  und
wissenschaftlichen Fragestel-
lungen nachgehen kdnnen”,
sagt Professor Martin Staudt.

Dariiber hinaus ist an der
Schén Klinik Vogtareuth die
Epilepsiechirurgie bei Kindern
seit mittlerweile zwolf Jahren
etabliert. Dank innovativer
bildgebender Verfahren, die
Professor Staudt maBgeblich
einfihrte, konnen kritische
funktionstragende Zentren
des Gehirns nicht-invasiv lo-
kalisiert werden. Dies fiihrt
zu einer wesentlichen Erleich-
terung bei epilepsiechirurgi-
schen Eingriffen in der Nahe
von solchen Zentren. Und hier
liegt auch ein groBes wissen-
schaftliches Potential: ,Beson-
ders die invasiven Verfahren,
die in der Vorbereitungsphase
zu epilepsiechirurgischen Ein-
griffen bei Kindern eingesetzt

werden, bieten einen direkten
und bislang kaum genutzten
wissenschaftlichen Zugang zu
Funktionen und Fehlfunkti-
onen des kindlichen Gehirns,
von denen wir uns wesentliche
Erkenntnisse fiir das Gebiet der
.Developmental Neuroplastici-
ty" versprechen”, betont Pro-
fessor Staudt. Seine Forschung
soll u.a. Auskunft geben, wie
sich das kindliche Gehirn nach
Lasionen wieder erholen kann.
Professor Staudt studierte
Medizin in Regensburg sowie
an der TU Miinchen und arbei-
tete zunachst als Assistenzarzt
an der Kinderklinik Schwabing
der TU Miinchen. Er promo-
vierte Uber die ,Myelinisierung
des kindlichen Gehirns in der
MRT - ein Altersstandard” und
arbeitete von 1999 bis 2008
an der Universitatsklinik fir
Kinder- und Jugendmedizin in
Tibingen - davon die letzten
drei Jahre als Oberarzt. Er hielt
am 15. Oktober 2010 seine An-
trittsvorlesung in Tlbingen.
Prof. Dr. Fuat Aksu, Datteln

Prof. Dr. Karl H.P. Bentele,

nik Hamburg-Eppendorf unter
Direktor Prof. Dr. Schéfer und
spater Hochschulassistent (C1)
unter Prof. Dr. F. J. Schulte. Es
folgten wissenschaftliche Ar-

beitsaufenthalte in Kanada bei
Prof. J. Sinclair (Hamilton, On-
tario) sowie bei Prof. W. Logan
und Prof. Barry Smith (jeweils
Toronto). Im Jahr 1989 habi-
litierte sich Professor Bentele,
wurde Oberarzt und erhielt als
Privatdozent die Venia legendi

flir das Fach Kinderheilkunde.
Bereits zwei Jahre spater wur-
de auf eine C3 Professur fiir
Padiatrie an der Universitat
Hamburg berufen. 1993 erhielt

'

er einen Ruf auf die C3 Profes-
sur auf Lebenszeit flir Padiat-
rie/Neuropadiatrie an der me-
dizinischen Universitat zu Li-
beck. Zeitgleich wurde er zum
leitenden Krankenhausarzt an
die Kinderabteilung des allge-
meinen Krankenhauses Heid-




berg und zum Sprecher des
Bereichs Kinderheilkunde des
Landesbetriebs Krankenhauser
der Stadt Hamburg berufen.
Beide Berufungen wurden
jedoch auf arztlichen Rat ab-
gelehnt. Seit 1995 leitet Pro-
fessor Bentele erfolgreich den
Arbeitsbereich Neuropadiatrie
der Kinderklinik des Universi-
tatskrankenhauses  Hamburg
Eppendorf als C3 Professor.
Herr Bentele ist Autor mehre-
rer auch international publi-

zierter wissenschaftlicher Ar-
beiten und Buchbeitrdge. Fer-
ner ist er Mitglied zahlreicher
Fachgesellschaften und Exper-
tenkommissionen. Er ist einer
der Altprasidenten der Gesell-
schaft fiir Neuropadiatrie. Be-
sonders verdient gemacht hat
sich Professor Bentele um die
Erstellung von Empfehlungen
zur Préavention des plotzlichen
Kindstodes. Wissenschaftlich
hat sich Herr Bentele insbe-
sondere elektrophysiologisch

mit dem Schlaf Friihgeborener
und Sduglinge beschaftigt.
Professor Bentele besticht
neben seinem extrem breit ge-
facherten Wissen durch eine
extrem liebenswerte Art. Auch
war es immer ein Genuss, ihn
im Umgang mit den zum Teil
sehr schwer kranken Patienten
zu beobachten. Man kann gar
nicht glauben, dass Herr Ben-
tele nun den Reflexhammer an
den Nagel hdngen wird. Wir
hoffen, dass er uns weiterhin

mit seinem breiten Wissen, sei-
ner groBen neuropadiatrischen
Erfahrung und seiner liebevol-
len Art als Arzt und Freund un-
terstlitzen wird.
Prof. Dr. Thomas Liicke,
Bochum

PS: Wer ihn kennt, wird ei-
nen ,Ruhestand” bei ihm kaum
erwarten. Alles Gute, mein lie-
ber Freund ...

Prof. Dr. Fuat Aksu

Kongresse

02.-05.02.2011
Boston, Massachusetts

39% Annual Meeting of
International Neuropsycho-
logical Society (INS)

URL: www.the-ins.org/future-

meeting-of-ins
03.-05.02.2011

Recklinghausen

6. Dattelner
Kinderschmerztage

URL:
www.vodafonestiftungsinstitut.de

26.02.2011
Vogtareuth

25 Jahre
Neuropddiatrie Vogtareuth

Information:
cbahner@schoen-kliniken.de

11.-13.03.2011

Rostock/Warnemiinde

Friihjahrstagung der
AG Pidiatrie der DGSM

URL:
www.conventus.de/dgsm-paediatrie

24.-27.03.2011

Dresden

8. Assistentenkongress
des BVKJ

URL: http://kongress.bvkj.de

07.-10.04.2011
Garmisch-Partenkirchen

37. Jahrestagung der Gesell-
schaft fiir Neuropidiatrie
mit 8. Fortbildungsakademie

URL:
www.neuropaediatrie-congress.de

09.-10.04.2011
Tokyo, Japan

The 14% Annual Meeting of
the Infantile Seizure Society:
International Symposium

on Neonatal Seizures and
Related Disorders (ISNS)

URL: www.iss-jpn.jp

09.-13.04.2011
Denver, Colorado

79" American Association
of Neurological Surgeons
(AANS) Annual Meeting

URL: http://www.aans.org/annual/

30.04.-03.05.2011
Denver, Colorado

Pediatrics Academic
Societies Annual Meeting

URL: www.pas-meeting.org/
2010Vancouver/future_meetings.asp

11.-15.05.2011
Kroatien

9% European Paediatric
Neurology Society (EPNS)

URL: www.epns.info

14.-17.09.2011
Gardesee, Italien

23. Praxisseminar
uiber Epilepsie

URL: www.stiftungmichael.de

14.-17.09.2011
San Francisco, California

American Association

of Neuromuscular &
Electrodiagnostic Medicine
Annual Meeting

URL: www.aanem.org/meetings/
future_meeting.cfm

21.-24.09.2011
Portorose, Slovenia

15" International Congress
of Child Neurologists of
Mediterranean (CNM)

Information:
mvelickovicp@guest.arnes.si

22.-25.09.2011
Bielefeld

107. Jahrestagung der DGKJ

URL: www.dgkj.de
Information: johannes.otte@evkb.de

25.-28.09.2011
San Diego, California

136" Annual Meeting
of American Neurological
Association

URL: www.aneuroa.org/index.php?
sre=gendocsétlink=FutureMeetings

28.09.-02.10.2011
Brixen, Italien

39. Herbst-Seminar-
Kongress fiir Sozialpadiatrie

URL: www.akademie-muenchen.de

28.09.-01.10.2011
Glasgow, Scotland

50™ European Society
for Paediatric Endocrinology
Meeting

URL: www.eurospe.org/meetings/

09.-13.10.2011
Goa, India

39 Annual Meeting

of the International Society
for Pediatric Neurosurgery
(ISPN)

URL: www.ispneurosurgery.org/
meetings/future-annualmeetings/

Neuropadiatrie

09.-14.10.2011
Rome, Italy

The European Association
of Neurosurgical Societies
Annual Meeting

URL: www2.kenes.com/eans/pages/
home.aspx

10.-14.10.2011
Newcastle, UK

52" Annual Meeting
of the European Society for
Paediatric Research

URL: www.espr.info/Meetings/Pages/

ESPRAnnualMeetings.aspx
26.-29.10.2011

Savannah, Georgia

Child Neurology Society
(CNS) 40™ Annual Meeting

URL: www.childneurologysociety.org/

resources/meetings
12.-16.11.2011

Washington, DC

Neuroscience 2011
URL: http://www.sfn.org/

02.-06.12.2011
Baltimore, MD

65" Annual Meeting of the
American Epilepsy Society

URL: www.aesnet.org/
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@ Anzeigenschluss: 1. 3. 2011  Anderungen vorbehalten

GNP goes Garmisch

Die 37. Jahrestagung der Gesellschaft
fiir Neuropadiatrie findet in der Zeit
vom 7. bis 10. April 2011 nicht in
Minchen, sondern im Kongresshaus
Garmisch-Partenkirchen statt.

Nahere Informationen:
www.neuropaediatrie-congress.de

Prof. Dr. F. Aksu
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