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Dlagnoshc tests for SFPN SFPNH’]l’)Lﬁ

_Discovery that SFPN affects the young
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SFPN underlies some flgomyalgia cases
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Most "small fiber” diseases are still uncharacterized

EH DT R
80% of peripheral axons are small-diameter fibers 80%4H A 5 g (95T am
2ot/ NERL Y ¢

They innervate and modulate organs and tissues't 1/ 13 A1

T as B AH N

— skin, blood vessels, sweat glands, gut, bone, heart JJik. Mm%
. VFER. BiE. %ﬁ% O

They have multiple functions'& 11 % HE Uik
- Mediate sensations of pain and itch 77 2 AN 2
- Mediate autonomic functions 75 A EM & IEE
~ Mediate responses to injury and illness it 45 £ #1525 1) 5
—  Maintain tissue and body homeostasis 17 24 23 il & A Hp i
SFPN symptoms affect many organs and tissues SFPNJEIR
%ﬂﬁﬂ‘%%%”é'%ﬂiﬁ,/\
Patients see a different specialist for each symptom &34
B FEIR TR AR L BHE A2
~ Underlying neuropathy remains unrecognized i& % A R4
229

PNS axon
< C-fibers C-%
+ A-delta fibers A-deltazt 4t

« autonomic axons B F MR T



SFPN causes chronic widespread pain

SFPN35| &) 2 KR

Small fibers mediate nociception, so

widespread chronic pain is a common “Erythromelalgia” phenotype

SFPN symptom It F
INAFYETRTTRIE, T R MR R — N LR - *

Length-dependent SFPN starts distally,
spreads proximally
K REHOM % SFPN Iz v 46, A% 486 2130 ding
Distal axons are targeted 1 F 41 E il 5
S. W. Mitchell. On a rare vaso-motor neurosis of the extremities,

and on the maladies with which it may be confounded. Am J Med
Sci, 1878.

Non-length dependent SFPN starts patchy
or proximally

A woman with red, burning
feet and hands due to SFPN
— (7 47% # FSFPN- S8 89 F I %
2], S

This woman must carry a fan
to cool her painful face.

Her diagnosis is trigeminal
ganglionitis from Sjogren's.
Immunosuppression was
effective.

ZATZ ST % X I E A RIFL B
g, PHE TFIRFE AT =X

/. BEF il VAN AR e =
AR FE R ESFPNIF 46 /N [X 33 B0 i o D

Neuronal cell bodies in trigeminal or spinal ganglia are LT s gD e - f
. iy NEY RN k S i ik - R O AL, | t t
targeted T =X &5 8CF MLy ' painful small-iber sensory neuropathies and ganglionapathies,

Neurotherapeutics, 2015




Gene variants in voltage-gated sodium channels (Na,) cause pain disorders

WE TIEE(Na 2R R FEARER

A boy with painful burning feeft, itchy legs and
painless foot ulcers. BB, BREE. TR
Mother has same symptoms since age 7, 3-year old
brother has foot pain. B:5E W74 A FFEREIR. 3% 5 26

A B o

Mom's skin biopsy showed loss of skin innervation.}
o B JRATAS, S5 7 B PR A 22 R 2R

Mom'’s Na, sequencing showed pathogenic G856D
variant in Na, 1.7 gene that encodes SCNIA £}

FEB B R SCNIAFINa, 1. 7 BRI 95 BRI G856 DA% St
Hoeijmakers et al., 2012; Houlden et al., 2012; Brouwer et al., 2014

June 1 2016 WCVB evening news clip

about Sebastian and his SFPN His pain did not respond to other pain medications
201676 /71 EWCYBE T 7T /KB but mexiletine is very effective A1 & FHEA R,

Sebastian#1#1 AT & #ISFPN . N
http://www.wcvb.com/health/doctors-finally-able-to-help- /ﬂij'ﬁz‘:ﬁ é’ij %% 5&

boy-suffering-with-chronic-pain-for-years/39849148



http://www.wcvb.com/health/doctors-finally-able-to-help-boy-suffering-with-chronic-pain-for-years/39849148

SFPN SYMPTOM:
Cardiovascular

SFPNIENR: OB RS

TABLE 2
The Grading of Orthostatic Intolerance

Grade
Normal orthostatic tolerance
Grade 1
L . . . 1. Qrthostatic symptoms are infrequent, or only under conditions of
<« Tachycardia is common, caused by loss of small-fiber innervation increased orthostatic stress** .
A R 2. Able to stand =15 minutes on most occasions
Of the heal’t and hypotenSIOn ‘Lx‘ZjJ)i)lz 3. The subject typically has unrestricted activities of daily living
Grade I1
< More than 50% of POTS (postural orthostasis tachycardia 1. Orthostatic symptoms are frequent, developing at least once a week
. N 1 v L A Orthostatic symptoms commonly develop with orthostatic stress
syndrome) is caused by SFPN /&4 {0 BN E LS 2. Able to stand >3 minutes on most occasions
- Thieben, P. et al. Postural orthostatic tachycardia syndrome: the Mayo clinic experience. Mayo Clin.Proc. Gri::l?;fl]e limitation in activities of daily living is typical

82 (3)-308-313, 2007. 1. Orthostatic symptoms develop on most occasions, and are regularly

«  Microvessels lose innervation and responsivenessfifl Ifil & #ij £ ik 2 unmasked by orthostalic stresscs

2. Able to stand =1 minute on most occasions

+  Neurogenic cardiovasculopathy impairs circulation 7545 3 e arked limitation in activites of daily living

1. Orthostatic symptoms are consistently present

- Effects on muscles: fatigue, exercise intolerance, shortness 2. Able to standing <1 minute on most occasions

3. Patient is seriously incapacitated, being bed- or wheel chair bound
Of breath1 because of orthostatic intolerance

Syncope/presyncope is common if patient attempts to stand

- Effects on nerves: dying back, impaired regeneration
_  Effects on Gl tract: poor digestion, impaired nutrition Low etal. J Cardiovasc Electrophys 2009




DYSJI\;JTONOMIA INTERNATIONAL Neur‘opq 1'hic P OT s iS
AWARENESS ADVOCACY  ADVANCEMENT ;‘fEF %i'ﬁﬁ—ilr‘[:EPOTs‘m“]ﬁ

— Stand up slowly, particularly after meals or toilet useZZ{gt2 7.
—  Add salt and fluids to raise BP % in & Fik RS\ $2 £ 1 &

— Regular exercise adds heart and skeletal muscle, capillaries and mitochondria %J'Er\
BRI N OB B AL B L& A 2 b i —
: . . ——
- Elevate head of bed with bricks#e =Kk s=
- Compression stockings, abdominal binders# /14 g5 s
- Improve tissue oxygenation (ho smoking, treat atherosclerosis) 1’%@@2&%’3—?&%

- Avoid hypoxia (flying, high altitude) Gl (K47, mHLX) Y
3

(
(]

— Medications include midodrine, fludrocortisone ;¥ §
~ Rarely, consider continuous IV saline hydration *&Q“‘f%%%ﬁ%%?iﬁ%ﬂﬂﬁﬁﬁk



Top panels - normal control muscle
Bottom panels - muscle from SFPN patient

SFPN causes denervation of

b R blood vessels in muscles
AI;,]SSF PN‘%ﬁfﬂﬂ Merge Merge (exercise intolerance)
% CllsEEE  BtA B SFPNG[ LA A L& 28R AR

Peripherin Zf fncAm Merge
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% of Schwann cell
profiles with axons
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SFN diagnosis

from: Dori, Lopate, Keeling, Pestronk. Myovascular innervation: axon loss in small-fiber neuropathies. Muscle Nerve, 2015



Trail Making A Trail Making B Trail Making B-A Visual search: final score

Immediate visual memory Verbal abstract thinking Span forward Span backward

green area indicates normative rage values
O supine

¥V head-up tilt - )
Poda et al., Neurological Sciences, 2012

Standing worsens cognitive functions in patients with neurogenic orthostatic hypotension.

SFPN affects the brain

(who knew?)
SFPINT o H 5 il

Neurogenic orthostatic hypotension (POTS)
can cause temporary impairment of i

> immediate memoryfERtic(Z
working memory T{EiCIZ
sustained attentionfF£HEE S
visual search#l5i
abstract thinking#h % B4

>
>
>
>

Capsaicin-sensitive C- and A-fibre nociceptors control long-term potentiation-like pain amplification in

humans. Henrich et al. Brain, 2015

Imaging signatures of altered brain responses in small-fiber neuropathy: reduced functional
connectivity of the limbic system after peripheral nerve degeneration. Hsieh et al. PAIN, 2015

Increasing orthostatic stress impairs neurocognitive functioning in chronic fatigue syndrome with
postural fachycardia syndrome. Ocon et al. Clin Sci (Lond), 2012



SFPN affects the GI tract
SFPNX YH 418 22 M

Immediate 1 Hour 2 Hours

Upper GI symptoms of SFPN:
Nausea and vomiting after
meals, reflux, esophageal
erosions and strictures
EHEE D, R, &R
BERMERZE

Lower GI symptoms of SFPN:
Constipation, diarrhea, or
both (irritable bowel) /
ML R, 55 5

Tests for gastrointestinal symptoms of SFPN:
Gastric-emptying scintigraphy (above) shows
slow emptying of stomach (arrows)

Sitz marker study to measure colon transit time




GI symptoms of SFPN can be treated:

Nausea, vomiting, anorexia, constipation, diarrhea

HALERER TG

- High-fiber diet, small meals, elevate head-of-bed,
don't lie down after meals FLF4ERE. DE. B
PN IEY/IE Y

— Over-the-counter and prescription nausea treatments
can help 16J7 %0 AELL T BUAb J7 25006 5 B

- Alternative nausea treatments include marijuana,
ginger HACELIRITEFE KRR, A2

- Severe constipation may require disimpaction ™ = {§i i}
AR 25 BH 2%

- Obstipation may require cecostomy catheter to flush
colon from externally /™= {8k 75 ELid 1AM HE 4

Spine MRI in boy with early-onset SFPN



SFPN affects the bones and joints
SFPNX & HIK T AR

Periosteum, cortical, trabecular bone and marrow are densely innervated by small-fibers

- Offley et al. Capsaicin-sensitive sensory neurons contribute to the maintenance of trabecular bone integrity.
J Bone Miner Res, 2005

Nerve injuries are the major cause of fracture non-union in well-set fractures
- Santavirta et al. Immunologic studies of non-united fractures. Acta Orthop Scand, 1992
Innervation of bone marrow may influence immune system (not studied)

SFPN contributes to distal osteopenia, Charcot joints, osteomyelitis, pathological fractures

Patients with severe SFPN can have osteoporosis, bone deformities, pathological
fractures, bone pain or painless fractures

Spontaneous resorption of the fingers in HSAN-1

V. Fridman, A. L. Oaklander, W. S. David, E. A. Johnson, J. Pan, P. Novak, R.
H. Brown, and F. S. Eichler. Natural history and biomarkers in Hereditary
Sensory Neuropathy Type 1. Muscle Nerve 51:489-495, 2015.




2emaphorin Sa In somartic small-
fibers mediates bone density

“U" /N4 Semaphorin 3a i B
B

Sema3a is expressed in axons and bone Sema3a** Sema3a’  bone k-ou @

Osteoblast knock-out of Sema3a in does not reduce bone mass
Neuronal knock-out of Sema3a (Sema3agynapsin” OF Semada,eqin” ) causes £
severe total-body low bone mass. £
. 8
Knock-out Sema3a reduces density of CGRP+ and TRPV1+, but not DBH+ g =
bone innervation, implicating somatic and not sympathetic axons = T
P 5 A
Sema3a*’* Sema3a*- Sema3a’ T
@]

Fukuda,T. et al.
Sema3A regulates bone-

mass accrual through
sensory innervations.
Nature, 2013

Histological analysis of bone mass in 3 month-old mice Tibial bone immunolabeled for neuronal markers




Survey

SFPN symptom survey
developed at MGH,
currently being validated

Study subjects:
"gold-standard” patients
with objective confirmation
of SFPN by biopsy or
autonomic function testing

179 patients participated
among 470 contacted

73.2% female
92.2% were Caucasian
46.6 = 15.6 y mean age

of SFPN patient-reported symptoms shows

more symptoms than we knew
NEEEEZRSFPNIEERBIRNEMHHE
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Treister et al., presented at the 2015 World Congress of Neurology, Santiago Chile
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CDbjective confirmation of SFPN is difficult
2 WMH 12 SFPNZ F X fr)

Neuro exam has low sensitivity #4216 E{EHBURME
No muscle weakness, atrophy, fasciculations
Reflexes typically preserved
Large-fiber sensations (vibration, joint position, touch) typically OK
Small-fiber functions (pin, thermal, sweating) not entirely lost at onset

EMG/NCS does not detect SFPNALH B TLIEIRNISFPN
Electromyography only studies motor axons and muscle
Surface nerve conduction studies only large myelinated sensory and motor axons

Quantitative sensory testing (QST)E{LRETILIM(QST)

NOT an objective test; relies on patient report of perception
R. Freeman, et al. Quantitative sensory testing cannot differentiate simulated sensory loss from sensory neuropathy. Neurology, 2003.

N #4255 Surgical nerve biopsy

Used to be the "gold standard”

Still useful in rare selected patients

BUT, invasive, expensive, not widely available, leaves numb and sometimes painful area
Can't be repeated to monitor disease progression or response to freatment



Presenter
Presentation Notes
Diagnostic studies can help confirm diagnostic impressions or rule out underlying causes (eg, rheumatologic causes) and diagnostic imperatives (eg, metastases in the cancer patient with new back pain).
Blood studies can help identify systemic illnesses (eg, acute herpes virus infection) associated with neuropathies.
Magnetic resonance imaging (MRI) can identify structural lesions, such as tumors or infections in the spine or plexus.1,2
Computed tomography (CT) is similar to MRI, except it is less sensitive to soft tissue lesions.1,2
Electromyography (EMG) and nerve conduction velocity (NCV) testing can help localize a neuropathy (eg, Is it a root or plexus neuropathy?), grade its severity, and help categorize the pathophysiology (axonal vs demyelinating). 
Quantitative sensory testing (QST) assesses small-fiber function, and can show abnormalities consistent with neuropathic pain even when an EMG and NCV are normal.
These studies have important limitations:
They DO NOT MEASURE PAIN; a patient may have neuropathic pain and normal studies, or have abnormal studies with no pain
An EMG and NCV assess only large nerve fibers, which have little involvement in pain1



	1.	Galer BS, Dworkin RH. A Clinical Guide to Neuropathic Pain. Minneapolis, Minn: McGraw-Hill
         Companies, Inc; 2000:50-51,93.
	2.	Foley KM. Pain syndromes in patients with cancer. In: Portenoy RK, Kanner RM, eds. 	Pain Management: Theory and Practice. Philadelphia, Pa: FA Davis Company; 1996:194,199.


Best test for SFPN: Distal-leg skin biopsy
T SFPN I HAL I 5 15 32 B Jok 353 B2 R T ot

<« 2-3 mm diameter skin punches removed from lower leg using local anesthesia

pe performed locally, put in Zamboni fixative, mailed to pathology iaD

Skin blopSies are immunotabeted-agairst-RGRI-5a-pan-axenatmarker, 10 allow causing of
epidermal nerve fibers (ENF) using light mlcroscopy

+ Virtually all epidermal nerve fibers are small fibersSEppE, i EEHBTEERNTLE.

- Simone, et al. J Neurosci 18 (21):8947-8959, 1998
< Biopsies can be removed in distant medical offices and mailed to a lab for analysis

<« Endorsed by American Academy of Neurology and European Federation of Neurological
Societies for SFPN diagnosis

- England, et al. Practice’Pgrameter: Evaluation of distal symmetric polyneuropathy: Role of autonomic testing, nerve biopsy, and skin biopsy (an
evidence-based reviﬁeport of the AAN, AANEM, and AAPMR. Neurology, 2008

- Lauria, et al. EFNS guidelines on the use of skin biopsy in the diagnosis of peripheral neuropathy. Eur J Neurol. 12 (10):747-758, 2005.

& le diagnosed if patient’s ENF density is < 5" centile of predicted >
X ﬁu%;u\ 1 - 7 ’ k3 Srlr)!\\!o

- Predicted value is calculated from biopsying many normal volunteers (population sample)

- Accurate diagnosis of SFPN depends on having accurate norms



1000 1
800 1
600
400 1

200 1 *.
>

Neurite Density (ENF/mm2)
*
*
*

o] 20 40 60 80 100

Age (years)

There are age effects

People under age 24y (red; n = 102)
have more ENF than older subjects
(blue; n = 285)

421 vs. 226 ENF/mm?; p<0.001

MGH

Neurite Density (ENF/mm2)

MGH has skin biopsy norms from 392
screened normal volunteers as young as age 7
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There are sex effects

Females (blue; n=196) have more
ENF than males (yellow; n=196)

309 vs. 247 ENF/mm2; p<0.001

Presented at 45™ annual meeting of Society for Neuroscience
Chicago IL, October 21 2015.
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There are race effects

Asians (orange; n=36) have more
ENF than age-matched non-Asians
(green; n=189)

330 vs. 239/mm?; p<0.001

Klein, Downs, Oaklander




MGH's multivariate regression normative model improves

MGHZ Z & 1

accuracy of skin-biopsy diagnosis
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There are age differences There are sex differences There are ethnic differences

Most diagnostic laboratories use a single threshold "cutoff” (76 ENF/mm?) to assess normality of

submitted biopsies.

We developed a multivariate regression to calculate an age-, sex-, race-specific predicted norms for

each individual biopsy.

Among all 105 biopsies from patients under 40 that MGH diagnosed with SFPN in 2012-2013, applying the
single threshold “cutoff” (76 ENF/mm?) would only detect SFPN in 26 (75% false negative diagnosis).



Composite autonomic function testing (AFT) also

Thie
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J. D. England, et al. Practice Parameter: Evaluation of distal symmetric polyneuropathy: role of autonomic
testing, nerve biopsy, and skin biopsy (an evidence-based review). Report of the American Academy of
Neurology, American Association of Neuromuscular and Electrodiagnostic Medicine, and American
Academy of Physical Medicine and Rehabilitation. Neurology 72, 2009.

Evaporation rate (uL/sec)

-0.05 ! T T r e sy

endorsed for SFPN diagnosis and done at MGH

& HEIIRERN(AFT)

Autonomic functions controlled by small fibers /N4 B &

Heart-rate response to deep breathing

Heart-rate and blood-pressure responses during Valsalva maneuver
Heart-rate and blood-pressure responses to tilt

Sudomotor response (sweat production)

AFT is noninvasive and repeatable, but expensive, not widely
available, not totally specific for SFPN

QSART —— forearm

distal leg
—— proximal leg
0.04 — foot

0.01

T T
0 2 4 6 8 10 12 14
Time ( min)
e gquantitative sudomotor axon reflex test (QSART) in Case Report 1 shows
" 1

t
ndent reduction of sweat volume at distal sites. QSART volume is normal on
the forearm and proximal leg, reduced on the distal leg, and absent on the foot.
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SFPN was considered very rare in young
people until our index pa‘hen‘l'

R

—HIANSFPNTEL

Few children have the medical problems that cause
polyneuropathy{R /b JLE A 5| L 2 K 29 1 2= 5 1a] i

Very rare mendelian genetic polyneuropathies present in
infants/toddlers 22 JL/7)N ) L8 A% 5 2 KA A o AR M /D
- Familial dysautonomia/Riley-Day/HSAN Il

—  Sodium channel NaV mutations

A healthy college student developed sudden burning pain in his hands and
feet, tachycardia, nausea.

Skin biopsy showed SFPN, blood testing did not identify a cause.
Corticosteroid treatment gave rapid pain relief and eventual cure.
No recurrences in a decade off all pain medications

treatable cause of
erythromelalgia: acute
adolescent autoimmune small-
fiber axonopathy.

Anesth Analg, 2007



We analyzed records of 41 consecutive patients with
chronic widespread pain that began before age 21

Evidence of Small-Fiber Polyneuropathy in Unexplained,
Juvenile-Onset, Widespread Pain Syndromes

AUTHORS: Anna Louise Daklardar MD, PROAY and Max W
Klan, PhD®

Daparmment of Meurology, s Ganenal Hospital
Harverd Medico! School Boston, Massachusetts; and
fapartmant of Pathology (Neuramathology), Massachussits
Gomeral Hospital, Boston Massachusonts

KEY WORDS

peripheral nervous system disease, widespread chronic pain,
cysautcnomia

ABBREVIATIONS

hFT—autorom ¢ funétion tasting

CIDP—chronic irflammatory demyelinating peiyneuropathy
CWP—chronic widespread pain

ENF—apidermal narve fba

FaR—eytiracyte sedimentation mate

GBS—5u lla n-Barré gyncrome, tacate |nflam matory cemeinas
ing porynecropathy)

¥ f—intravenous immure gabulin

FOTE—o0stural erthoatas's tacyeandia syndrome
RR—reference rarge (of normal values for laboratory tests)
SFM¥—amallier pelyneurosathy

Dr Daklander conceptual 2ed and designed the study, obtained
furding. extractad the data, participated in the data analysia,
and drafted the initial maruacript ard the rewritea. Dr Kein
performed the autenomic fuactice tasting cn the rormal control
subjocts, pacticipates in i daca a , contributed to
crafting anc editing the fgures, contrinuted to rawTting the
manupCript, a7d appTovad the submited and all revised
versions of the manuscript,

This work was prasented in absiract form to the American
Neurnlegic Association (September 25-27, 2011, Manchester
Grang Hyatz, San Diego, CA} and tha Peripharal Nerve Socity
(huna 2553, 2011, Aolger Canter, Patomac, MO}

r WHAT'S KNOWN ON THIS SUBJECT: Acquired widespread pain
syndromes of youth are prevalent, disabling, usually unexplained

0 WHAT THIS STUDY ADDS: R identifies definite (in 53%) and

and untreatabls. Small-fiber palynsuropathy causes widespread
pain and multisystem complaints in older adulls. Some causes
are treatable. Neurodiagrostic skin biopsy, autonamic function

testing, ang rerve biopsy permil objective diagnosis

prabable {in 17%) small-fiber polynzuropathy ameng 41 young
patients with otherwise-unexplained, childhaod-onset widespread
pain. It characterizes this new discase’s clinical features,
diagnostic, and treatment options. Some cases appeared immune
i and r ta imm y therapies.
>

.

OBJECTIVE: We tested the hypothesis that acquired small-fiber
polyneuropathy  (SFPN), previously uncharaeterized i children,
contributes to unexplained pediatric widespread pain syndromes,
METHODS: Forty-one consecutive patients evaluated for unexplained
widespread pain beginning before age 21 had medical records
ecomprehensively analyzed regarding objective diagnostic testing for
SEPN {neurodiagnostic skin biopsy, nerve biopsy, and autonomic
function testing), plus histories, symptoms, signs, other tests, and
treatments. Healthy, demographically matched volunteers provided
normal controls for SFPN tests.

RESULTS: Age at illness onset averaged 123 * 5.7 years; 73% among this

nalabhnin eomnls wees fomale (0 _ A0 Sivheniokt nene, art warn

ST T 416121 Bl R A R AR AR IR P

ARTICLE

/7
0.0

Many called "juvenile fibromyalgia"##x{E
“CHER A YN

73% were female

687% were disabled from school or work

76% had onset of pain in legs or feet

98% had non-pain complaints

~ 90% had cardiovascular symptoms (POTS, sinus
tachycardia)

~  82% had GI complaints (belly pain, nausea, vomiting,
constipation, incontinence)

- 63% had abnormal sweating
—  34% had urological dysfunction

63% had chronic severe headaches

Oaklander & Klein, Pediatrics 2013




Results of objective tests for SFPNZ; R

59% of patients had objective confirmation of SFPN 59% & %€ SFPN
—  30% (11/37) of skin biopsies were diagnostic for SFPN 30% J k15 #8612 Wr i i
— 53% (18/34) of Autonomic Function Tests (AFT) were diagnostic for SFPN 53%AFT

Z Wi E
- 100% (2/2) of nerve/muscle biopsies were diagnostic for SFPN 100%# £/ LA &
: P g
2 Wi
A E
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Oaklander & Klein, Pediatrics 2013 Normal 18-year old white male 18-year old white male with chronic

has 675 axons/mm2 widespread pain has 155 axons/mm?2



Autonomic Function Testing detected SFPN in 53%
AF TR 1153 %SFPN

There are no normative data from children, so we recruited and studied
demographically matched normal young control subjects

—  27% of the young patients vs. 3% of the controls had low heart-rate variability with respiration

—-  42% of the young patients vs. 0% of the controls had abnormal cardiovascular response to Valsalva
- 75% of the young patients vs. 18% of the controls had abnormal heart-rate and/or BP during tilt-table
- 82% of the young patients vs. 34% of the controls had reduced sweating, often length-dependent

Male Q-Sweat Female Q-Sweat

25 2.5

2.0

1.0 K\ - —aA— Distal Leg

—&— Foot
0.5 0.5 -

Oaklander & Klein, Pediatrics 2013 0.0 0.0

Normal Controls Patients Normal Controls Patients

—e— Forearm

—&— Proximal Leg

Sweat Volume, pL
Sweat Volume, pL
(==Y
o




What causes “early-onset SFPN"?
5I#&SFPN “HHiRkE” HIRE?

0% of patients had family history of neuropathy
0% of patients had history of major psychiatric illness
34°/o of patients had history of autoimmune illness:

6 autoimmune thyroiditis
2 systemic (juvenile Sjogren’s, juvenile SICCA)
2 Henoch-Schonlein purpura

1 each brachial plexitis, type-I diabetes, post-viral arthritis, immune thrombocytopenic purpura,
Crohn's, and trochleitis, one Hashimoto's encephalopathy

Oaklander & Klein, Pediatrics 2013



Noncontributory laboratory tests in
early-onset SFPN

Cerebrospinal fluid tests All tests were normal in 11 patients

Blood tests: Complete blood count, electrolytes including glucose, renal, liver, and
thyroid function, hemoglobin Alc, lipids, vitamins, immunoglobulins,
serum protein immunofixation.

Urine tests: Heavy metals, protein immunofixation, porphyrins, amino and organic
acids.

Infectious tests: Hepatitis C, syphilis, HIV, deer-associated zoonaotic infections including
Lyme, babesiosis, and human monocytic ehrlichiosis.

Immune tests: Rheumatoid factor antibody, Sjogren’s autoantibodies, lupus
autoantibodies, anti-neutrophil cytoplasmic antibodies, total
complement.

Genetic tests (only occasionally performed): All genetic neuropathy tests including

Charcot-Marie-Tooth, Fabry, transthyretin, hereditary neuropathy with
!ci_%bility to pressure palsy, also familial hemiplegic migraine, cystic
ibrosis.

Oaklander & Klein, Pediatrics 2013



Blood tests for causes of SFPN:
The only consistent abnormalities were immune

SFPINJE ] Mt % A4 56
« Elevated ESR (2 15 mm/hr) 37%
» ANA (2 1:80 dilution) 45%
+ Low complement 3 (< 85 mg/dl) 21%
= Low complement 4 (< 20 mg/dl) 46%

= One or more of the above abnormalities

Oaklander & Klein, Pediatrics 2013



Immunotherapy improved 12/15 (80%)
FREIR YT EE 80 %3 B
<« We only treated patients who were not recovering and who met
rigorous criteria {697 V% A 2323167 M2 S hrifE i) B
— Obijectively confirmed SFPN (by skin biopsy or autonomic function testing)
— History and/or lab tests consistent with dysimmune causes

— Tests for other cause of neuropathy all negative
— Disabling symptoms that are not improving on their own

+ Corticosteroids were effective in 67% (10/15) 0] FIAATE 267%
— Patients in hospital given IV methylprednisolone 1 g/day x 3-5 days
— Short-tem prednisone 1 mg/kg/day x 4 weeks only followed by 4 week taper

+ Immunoglobulin (IVIG) was effective in 63% (5/8) %% Bk & 11 %163%
Oaklander & Klein, Pediatrics 2013



Immunotherapy produced objective recovery
during immunomodulation - AFT

SRR YT P AU 2 R B ) % TR FE AR

All repeat AFT (6/6) documented improvement after immmunomodulation
2/2 repeat AFT in non-immunomodulated patients showed no improvement

Two patients had AFT 3 times; both had progressive improvement of tilt-
table and sweating responses and heart-rate variability (13.6 — 14.0 —
19.1 beats/min; 4.0 — 9.2 — 14.7 beats/min). A low Valsalva ratio
normalized (1.42 — 1.76 — 2.27)

A patient treated with corticosteroids then IVIG during 10 months had
normalization of heart-rate variability (13.6, 14.3, 19.1 beats/min), Valsalva
ratio (1.42, 1.76, 2.27), and responses to tilt.

Oaklander & Klein, Pediatrics 2013



Some older adults with many years of unexplained
chronic pain appear to have early-onset SFPN

KL B S E LIRS AR BE N SFPN IR 1E

Some cases develop in older adults during their 30's and 40's.

Dabby, Acute steroid responsive small-fiber sensory neuropathy: a new entity? J PNS,
2006

Some cases develop in youth but persist undiagnosed for decades
DoD grant 6W140169 funds us to develop ways to diagnose SFPN present for 25 years

Preliminary evidence from clinic suggests that some patients still
respond to immunotherapy even decades after onset of SFPN
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Fibromyalgia affects We prospectively tested the hypothesis that

1-5% of population; ) ) -
75% are female SFPN underlies some cases of fibromyalgia

We measured the prevalence of SFPN in adults with fibromyalgia

Inclusion required meeting American College of Rheumatology 2010 diagnostic
criteria for FMS plus physician's notes documenting fibromyalgia diagnosis

Informed by power analysis, we studied 27 fibromyalgia patients, 30 matched controls
Outcomes:
- Symptoms were measured by Michigan Neuropathy Screening Instrument (MNSTI)
— Signs were measured by the Utah Early Neuropathy Scale (UENS)
~ Pathology was measured by PGP9.5-immunolabeled distal-leg skin biopsy
~ Pathophysiology was measured by autonomic function testing (AFT)

Results: 41% of fibromyalgia subjects vs. 3% of controls had skin biopsies
diagnostic for SFPN; symptoms and signs of SPPN found in fibromyalgia

patients but not controls
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Evidence of Small-Fiber Polyneuropathy in Unexplained,
Juvenile-Onset, Widespread Pain Syndromes

flyrburopatny
JMis in older ad
ur®fl. skir biopsy, o
 oernil object

OBJECTIVE: We fested the hypothesis that
polyncurapathy (SFPN),  proviously uncharactorized i
oontributes t wdiatric widvsprond

METHODS: Far
widespread p

treatments. Healthy der
normal cuntrols fur

RESULTS: Ag: &t il

Every research study found objective
evidence of SFPN in fibromyalgia

2 I 5C R BRET-4E L & SFPNHIE 58

Kim, Kim, Oh, Clauw. Characteristic electron microscopic findings in the skin of patients with
fibromyalgia-preliminary study. Clin.Rheumatol, 2008.

Uceyler, et al. Small fibre pathology in patients with fibromyalgia syndrome. Brain, 2013

Albrecht, et al. Excessive peptidergic sensory innervation of cutaneous arteriole-venule shunts (AVS) in
the palmar glabrous skin of fibromyalgia patients: Implications for widespread deep tissue pain
and fatigue. Pain Med 14 (6):895-915, 2013.

Serra, et al. Hyperexcitable C nociceptors in fibromyalgia. Annals of Neurology, 2013.

Giannoccaro, et al. Small nerve fiber involvement in patients referred for fibromyalgia. Muscle Nerve,
2013.

Caro & Winter. Evidence of abnormal epidermal nerve fiber density in fibromyalgia: Clinical and
immunologic implications. Arthritis Rheumatol, 2014.

de Tommaso, et al. Update on laser-evoked potential findings in fibromyalgia patients in light of clinical
and skin biopsy features. J Neurol, 2014.

Kosmidis, et al. Reduction of intraepidermal nerve fiber density (IENFD) in the skin biopsies of patients
with fibromyalgia: A controlled study. J.Neurol Sci, 2014.

Ramirez, et al. Small fiber neuropathy in women with fibromyalgia. An in vivo assessment using
corneal confocal bio-microscopy. Sem Arthritis Rheumat, 2015

Doppler et al. Reduced dermal nerve fiber diameter in skin biopsies of patients with fibromyalgia. Pain,
2015




Fibromyalgia patients have myovascular
denervation like SFPN patients

FISFPNEE—F, F4REEEIRAMEMILIRE

- Albrecht et al., Pain Medicine, 2013
> Arteriovenous shunts (AVS) shift blood away from the muscles to the
skin for heat regulation
> Small-fiber innervation of AVS controls if they open or shut
> Dilated AVS in fibromyalgia may contribute to muscle ischemia aches
and exercise intolerance

epidermis
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Microneurography showed that C-fibers fire spontaneously and
abnormally in fibromyalgia as in SFPN

Spontaneous activity
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e After we diagnose SFPN,

jriogliriie BLOOD TESTS TO CONSIDER FOR ADULTS
Complete blood count {(if low, consider B12 or copper deficiency, lead ‘arsenic toxicity)

Chemistries (if high glucose test for DM: if rensl dysfimction consider Fabry, mescury toxicity)

o we test blood for known
Hemoglobin Ale (if elevated strongly consider testing for diabetes)

TSH thyroid screening

e e causes of neuropathy

ANA (antmuclear antibodies; kigher titers suggest hupus or dysimmmme conditions)
Complement components C3 and C4 (if low, consider dysimomme conditions)
Anti-Ro (35-A) and anti-La (S5-B) (if present, consider S]ugmn 5 disease])

CRP (Concie o f e oo on i) (Dysautonomia Problem

Hepatitis C serology (if abnormal consider testing for crvoglnbuhm}

Lyme antibodies by Western blot (for mhabitant or visitor to endemic area)

e B b i ALL LAB RESULTS

Free £ light chains (tests for less commen hymphoproliferative disorders)

IgA anti-TTG (ransghitaminase antibodies: if present consider celiac sprue) C . t h f n
TESTS TO CONSIDER IN SPECIFIC POPULATIONS urlng e CauSe O "nﬂmnll

2 hour, 75 g fasting glucose tolerance test (strongly consider for all at risk for DM}

HIV {CDC recommends everyone ages 13-64 be tested = once, high-risk more offen) d M M

Methytmalomsic acid (consider if vitamin B12 level less than 500 pg/dL) I S e aS e I S m O re

Thiamine (if low, consider vitamin B1 deficiency)

Pyridoxine (if elevated, consider vitamin B6 newrotoxicity) . -

ST E——— effective than just

Cryoglobulins, eryofibm viscosity ider for myeloma, hep C. FA SLE)

Fasting serum triglycenides (ran worsen diabetic polmewnpaﬂn) - -

Urme protein electrophoresis to identify Bence Jones paraproteins treatlng ItS Sym ptoms

24 hour unne for arsemic, lead, merewry, cadmium (for artists, welders, miners)

ACE (angiotensm comesting enzyme; for sarcoidosis in patients with hing symptoms)

F ided genetic mg esp. if family history (e.g.. HSAN-1, SCH2A) “A & -
. Abdommal fat-pad biopsy for amyloid /g E /J ‘

HOOCOOOOOE0  COOOCOO O e

OHCOOOCCOO0 DO e

OTHER. TEST PERFORMED
Checlmgdicaﬂmseg,ﬂnap)’ﬁmcaxﬂmm\' mm,mlch:me,md,dnpsm:,hydmhmhﬁmphmym“mn
BG dJsuIﬁmm,annodamm,pmmmnh,peﬂ:n‘hm streptokinase, nitrous, gold,
antimicTobials in), history of GI swgery,
mbmnmmhhmwmmwm thallium, mercury, industrial toxins, organophosphate insecticides.
Refereaces
Enplne 0 Crivset G5, Feahli Gl Practic Pt Evaluain of disal s . s gesetic iesting, Nearsiogy 72:125-19, 2009 .
Cultlandes AL s Kleis MM, Evitlence of [ Pedistricy 131 (810911100, 2013,
Pesers, MU Btkes, L 5. Merkies 1. G. HuthnEF van Rk, and € G, Faber. Incideace and prevalence of sl Gl teanupatly. A ssrvey in e Nethesbinds. Nearbogy, 2013
s TME, Misacrmin ML The evalustion of poly neuspuiekics. Newroligy 76 (T Sepplescat 2):56-513, 3011
FACS sl A comuliad i Bratn 127 {1 EL1TH-1730, 04,
Sasth AT, Sasgheaon TR ¥ oo iearopaly, Arch. Tnl Lindcine 91021125, 2004,
SedT NF & Windclunk Al Coi 1293-1308, 204
© Copyright 2001 The General Hospital Corporation. All rights reserved. Author: A.L.Oal.lmder}lﬂ)l’h[} 093015

www.stoppotsvirginia.blogspot.com

Blood-test list available at NeuropathyCommons.org website



Diagnostic yield of blood tests in “idiopathic” SFPN
Sf “NERJREE” B SFPNF MLy A 5612 Wt

An IRB-approved retrospective study of 21 widely available blood tests for causes of
SFPN

Inclusion required objective confirmation of SFPN during calendar year 2013
Among 195 qualifying patients, 70% female, 95% Caucasian, mean age 43.0 + 18.6 y

Blood tests identified potential medical causes in 57% of SFPN patients L& {L%:
Xt57 %SFPN & & ] F N LR

Hyperglycemia was not a major cause of idiopathic SFPN in New England &
MBEARFERA

~  Only 2% had diabetes; below population prevalence

—  Only 22% had pre-diabetes; below population prevalence of 37%

42% had at least one marker of dysimmunity 42%% /> — /N HEFRC
Most common blood test abnormalities were high ESR (28%), ANA > 1:160;
(27%), low C4 (16%)

Lang, Treister, Oaklander
Presented to the American Neurological Association, 2015




Retrospective study of IVIg for SFPN
SR ERE 5677 SFPNF) BB #T 5T

Inclusion criteria:
"Gold standard” SFPN confirmed by biopsy or AFT
Evidence of immune causality; other causes excluded
At least 3 month trial of IVIG at 2 grams/kg/4 weeks
55 patients studied:
Mean age 41 years, 78% female
IVIg treatment averaged 28 months
Primary Symptom Outcome: Pain scores among all
patients with baseline pain > 3
Baseline pain of 6.3 + 1.7 dropped to 5.2 + 2.1; p = 0.007
Primary Function Outcome: AFT among all patients with
AFT before and after IVIG
Abnormal AFTs dropped from 88% to 55%,; p = 0.001
Secondary Outcomes
Good safety profile, no serious AE, 1 moderate AE
(hemolytic anemia), standard infusion reactions
74% of patients and 77% of physicians rated SFPN as
improved; 15% remission rate

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

92.9%

AFT main HRDB Valsalva Tiltstudy  Quantitative
results sweat test

Liu, Treister, O’Neil, Lang, Oaklander, submited for publication



DermaTopaThology can identify cellular,
molecular mechamsms

C RROREL RSN, 4 TR

Liu, Magro, Loewenstein, Makar, Stowell, Dzik,
Hochberg, Oaklander, Sobrin.

A man with paraneoplastic retinopathy plus small fiber
polyneuropathy associated with Waldenstrom
macroglobulinemia (lymphoplasmacytic lymphoma):
Insights into mechanisms. Ocul.Immunol.Inflamm. 2014

Pathologic analyses from distal-leg skin biopsies of patient with SFPN
A. Extensive IgM deposits in microvessels

B. Prominent granular labeling of microvessels for C3d

C. Severe hyalinizing vasculopathy of blood vessels supplying nerves

D. Extensive perineurial deposition of IgM

E. Extensive perineurial deposition of C5b-9

F. Preservation of some deep microvascular innervation after PLEX



Our Gulf War Illness research projects

. i3 YA IN _é'a‘\‘ )
ﬁ?%ﬁn&sﬂ%ﬁﬁcﬁ P:ﬁgrgmﬁgraanf 6W093049

Undiagnosed small-fiber polyneuropathy-Is it a component of GWI?
To measure prevalence of SFPN in deployed veterans of first Gulf War (1990 -
1991)

6ulf War Iliness Research Program grant 6W130109
Characterizing treatable causes of SFPN in Gulf War veterans
To develop a global case definition of SFPN, use it to reassess prevalence of SFPN
in deployed veterans of first Gulf War (1990 - 1991), and look for causes

6ulf War Illness Research Program grant 6W140169
Diagnosis of late-stage, early-onset SFPN
To determine how to diagnose and monitor early-onset SFPN of 25 years duration

Jorge Serrador PhD Max Klein PhD
East Orange VA WRIISC Mass General Hospital



Sublects With opjective fest Symptomatic Gulf War veterans
o have evidence of SFPN

40 Pain Scores Michigan Neuropathy
Screening Instrument
MNSI
30 - 10 12
d 10 - °
8 1 CCo
20 000 g
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4 CCO 6 (J
10— *° 4l o eoge
21 oee 21 _e_ O
0 0 oo n oge
Non-symptomatic Symptomatic Non-symptomatic Symptomatic
47% of veterans had abnormal skin
biopsy or AFT vs. 12% of controls Bars are mean scores Bars are mean scores
P =0.0010 P =0.0014 P =0.0029

From the East Orange VA to
the Institute of Medicine
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A ey Medicine)
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work of Max Klein PhD
Mass General Hospital




SFPN Symptoms: Gastrointestinalof
SFPN

Upper GI symptoms of SFPN: c ' lyneuropathy:

nausea and vomiting after
n
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We are putting SFPN on the map
SFPNARES /)

DoD funded grant to assemble nerve experts from US, Europe, Asia, South
America, Africa BRI E 2 3RE 5K

Scientific Advisory Board: Alain Créange, Peter J. Dyck, John England, Eva
Feldman, Riadh Guider F}Ji 1] 23 i 2>

Global experts will use modified Delphi process to formulate first Case
Definition, Diagnostic Criteria for SFPN 43k%& 5 il SFPNE X« 12 WikrifE

For publication, will seek endorsement from World Federation of Neurology,
Peripheral Nerve Society, American Academy of Neurology, European

Academy of Neur‘ology FoR “HERMBNRHREG ST o “ANERSEREST . “EH
MENEES” o RN AE N RS S

Should improve patient care around the world R {2ttt 7 1 B H BT
Should improve research on SFPN ¥ {3 SFPNIHT 5T

A. Créange and A. Careyron. The diagnosis of chronic inflammatory demyelinating polyneuropathy: a Delphi-method approach. J.Neurol, 2013



Passive immune transfer with patient sera

200 g male Sprague-Dawley rats; 5 day habituation to day/night
reversal

Baseline behavioral data collected, then wait 7 days to
dehabituate

IP injection with sera from patients or matched screened
controls

- 2 ml/day x 4 days
Monitor for mechanical allodynia
— von Frey thresholds for hindpaw withdrawal
Monitor for development of C-fiber degeneration
— hindpaw skin biopsies for PGP9.5 immunohistochemistry

Linda Sorkin PhD
UCSD Dept. Anesthesiology



Identifying genetic risk factors for
autoimmune SFPN

RO Q__ﬁ'&SFPNBLIKA =

HLA Class I molecules are ligands for the killer
immunoglobulin-like receptors (KIR)

KIR molecules requlate cytokine production and
activation of NK cells

Variability in HLA Class I and IT loci influences
specificity of binding to foreign peptides and risk of
inflammatory disease

Isolating mononuclear cells (PBMC) from SFPN
patients permits identifying activated B or T-cell
subsets

Cells frozen, viable for years, source of DNA Shiv Pilai, MD PhD
A Ragon Institute




Establishing Global and National
Neuropathy Networ
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Summary and Conclusions: 545545

= Almost half of fibromyalgia patients have objective evidence of SFPN
JUF-— P2 4L &34 6 SFPNIIEYE
SFPN can develop in children and young adults and can last into adulthood
SFPNRER KAL) LEE AR I 3, eS8 2 plieF
Skin biopsy and AFT permit objective diagnosis and tracking treatment efficacy
Bz RAE AL AT AF TRERS 12 Wi AE 697 RBCR
Blood tests can help identify underlying causes of SFPN Jz Jikid A nf i ik SFPN 4]
Some types of SFPN seems to have autoimmune contribution #:4 SFPN2EAY 0] 5 H 3= Fu e /E H

- Have we discovered the small-fiber correlates of Guillain-Barré and CIDP?
Is immunotherapy an alternative to opioids for some chronic pain problems?

[ T2 AP VRTT A 15 A P PR I R 9T RORA] v B ARV ?
About 100 million patients have fibromyalgia phenotype (est 1% prevalence), how
many could have SFPN? KZ1—{Z ABEAENRRINA %BBREK), £/ RESFPN?
Do we need to re-engineer for population diagnosis and outcome monitoring?

RERER L B UL RAI?
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Response to a short course of prednisone provides

additional evidence of autoimmune causality in many
patients with “idiopathic” SFPN
XT%EE‘%B‘E FRIRAYRTT 1 R RL3E— 25 e R A% SFPN-G 5% BRI AR SC IR HIE IR

IRB-approved retrospective review of 56 treated patients

Had objective validation of SFPN diagnosis and comprehensive blood
testing to rule out other causes.

Autoimmune causality based on history of autoimmune illness or serologies.
We gave prednisone 1 mg/kg for 4 weeks then rapid taper.

Among all 36 patients with pain = 3/10 at baseline, pain scores droppe
from 6 6 =+ 2.0 at baseline to 4.7 £ 2.5 (p<0.001).

ificant adverse effects.

Liu, Treister, Oaklander
manuscript in preparation
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