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Overview
• What do we mean by “research”?
• Past & present research in SPSD
 => Prevalence and suspected cause(s)
 => Clinical characteristics and expanding spectrum
 => Laboratory and imaging  
 => Disability status & outcomes
 => Treatments- symptomatic & immune based
 => Pediatric and pregnancy

• Future research directions
• Summary

SPSD= stiff person syndrome spectrum disorders



What do we mean by “research”?



Types of research 

Kapoor MC. Indian J Anaesth 2016. 



PubMed publications over time



Prevalence and suspected cause 
of SPSD



Is SPS more common than we thought?

“2.06 per million”

“1 per million” “0.9 per million”



Is SPS more common than we thought?
“3 per 100,000”

“2.36 per 100,000”
“0.11 per 100,000”



What is the cause of SPSD?

u Exact cause unknown
u GABA-ergic pathways impacted
u Main target GAD65- rate limiting enzyme  

for the synthesis of GABA
u Other auto-Ab present in SPSD in the same 

pathway: amphiphysin and glycine receptor
u Seronegative cases exist

Glutamic acid decarboxylase= GAD; g-aminobutyric acid= GABA; Antibody= Ab
Newsome SD and Johnson T. J Neuroimmunol 2022.; Dalakas MC. Neurotherapeutics 2022.



Timeline of discovered antibodies

1950’s-
1970’s

1980’s 1990’s 2000’s

1988

Anti-GAD Ab 
discovered and 

linked to 
diabetes & SPS

1993

Anti-
amphiphysin 

Ab & 
paraneoplastic 

SPS

2008

Glycine 
receptor Abs 
first reported 

in a case report 

2000’s & 
beyond

Others: 
Gephyrin, 
GABAA, 

GABARAP, 
DPPX, Zic4

1956

Initial descriptions of 
SPS (Moersch & 

Woltman)

Glutamic acid decarboxylase= GAD; g-aminobutyric acid= GABA; 
Antibody= Ab; GABA receptor-associated protein= GABARAP; 
Dipeptidyl-peptidase-like protein 6= DPPX
Newsome SD and Johnson T. J Neuroimmunol 2022.; Dalakas MC. 
Neurotherapeutics 2022.; Hadavi S, et al. Pract Neurol 2011.



Reduction of GABA levels in SPS



Uncovering the cause of stiff person syndrome: is there 
an inflammatory component?

• Objective: Assess the profile of immune mediators in 
the cerebrospinal fluid (CSF) of people with SPS

o Unsupervised cluster 
analysis evaluated the 
correlations of protein 
expression levels among 
disease groups. Results 
are heterogeneous and 
there is no clear similarity 
within classes

Findings:
ÞAt least a third of people studied had markers of 

inflammation within the central nervous system (cells and 
oligoclonal bands).

Þ Immune proteins were found that overlapped with multiple 
sclerosis and non-autoimmune condition. 

ÞElevation of B cell activating factor (BAFF) in the CSF of 
people with SPS may represent hints of B cell related 
autoimmunity as found in other conditions like neuromyelitis 
optica, systemic lupus erythematosus  or Sjogren’s.

Reyes-Mantilla M, et al. AAN 2022



Paraneoplastic SPSD- symptoms can persist and some 
need ongoing immune therapy after cancer treatment

• Less than 5% of Johns Hopkins cohort

• Mean age at SPSD symptom onset 
was 59.5 ± 11.0 years

• Most individuals were women (n=7) 
and white (n=6)

• The most commonly identified 
autoantibodies were anti-amphiphysin 
(n=4) and anti-GAD65 (n=4)

• Of the survivors, 7 exhibit symptoms 
and signs of SPSD despite cancer 
treatment

Mean time of SPSD 
symptoms developing 
before cancer was 12.7 
±12.0 months

Simpson A, et al. AAN 2022.



Clinical characteristics 
and expanding spectrum



Demographics and important 
clinical characteristics

• Prevalence unknown
• Symptom onset mostly in middle age (although can vary)
• Female predominant (~2-3:1)
• Approximately 6 years for diagnosis
• Expanding spectrum of disorders
• Co-existing autoimmune disorders is common
• Unclear if genetic predisposition

Newsome SD and Johnson T. J Neuroimmunol 2022.; N Wang Y, et al. J Neurol 2023.; Newsome 
SD. Neurobiology of Disease 2016.; Balshi A, et al. Front Neurol 2023.; Hadavi S, et al. Pract 
Neurol 2011.; Strippel C, et al. Brain 2022.

n=205



Timeline of clinical descriptions- pre 2020

1950’s-
1980’s

1990’s 2000’s

1998

Stiff 
trunk/SMS, 
SLS, PER 

(n=23)

1999

Classical, 
jerking 

(myoclonus), 
PER, SLS

2012

Classic, 
partial, PERM 

(n=99)

2016

Classic, 
partial, SPS-

plus, 
overlapping 

(n=121)

1956

Initial description 
of classic SPS 
(Moersch & 

Woltman, n=14) 

Glutamic acid decarboxylase= GAD; g-aminobutyric acid= GABA; Antibody= Ab; 
Stiff limb syndrome= SLS;  Progressive encephalomyelitis with rigidity and 
myoclonus= PERM 
Newsome SD and Johnson T. J Neuroimmunol 2022.; Dalakas MC. 
Neurotherapeutics 2022.; Rakocevic G, et al. Neurology 2006; Carvajal-Gonzalez 
A, et al. Brain 2014; Piquet A, et al. Neurol Neuroimmunol Neuroinflamm 2019. 

2014

Glycine receptor 
in PERM (n=33) 

2019

Novel features in 
glycine receptor 

syndromes 
(n=17) 

2006

SPS with cerebellar 
disease and high 
antiGAD65 Ab 

(n=5) 

2009

Classic defined 
requiring 

truncal and 
proximal limb 

stiffness

1967

Classic (adding EMG and 
response to medication), 

infrequent clinical findings 
(brainstem) (n=34)



Clinical phenotypes
Stiff Person Syndrome Spectrum Disorders*

SPS-plus
~12-30%

Classic
~60-70%

OverlappingPERMPartial SPS

PERM= progressive encephalomyelitis with rigidity, and myoclonus
Newsome SD and Johnson T. J Neuroimmunol 2022.; Martinez-Hernandez E, et al. 
JAMA Neurol 2016.; Wang Y, et al. J Neurol 2023; Budhram A, et al. JNNP 2021.

*Majority are non-paraneoplastic



Non-classic phenotypes from case series

• Multicenter, 1998-2014 (n=121): 50 (41.3%) classic, 37 (30.6%) SPS-
plus, 24 (19.8%) SLS, and 10 (8.3%) overlapping 

 => 58.7%
• Mayo Clinic, 1984-2008 (n=99): 59 (59.6%) classic, 19 (19.2%) partial, 

1 (1%) PERM
 => 40.4%
• Mayo Clinic, 2003-2018 (n=107): 73 classic (68%), 30 (28%) partial, 4 

(4%) other 
 => 32.0%
• Johns Hopkins, 1997-2022 (n=227): 154 (67.8%) classic, 48 (21.2%) 

SPS-plus, 16 (7%) PERM, 9 (4%) partial
 => 32.2% Wang Y, et al. J Neurol 2023.; McKeon A, et al. Arch Neurol 2012.; Martinez-

Hernandez E, et al. JAMA Neurol 2016.; Budhram A, et al. JNNP 2021.



Image by brgfx on 
Freepik

Upper > lower torso/body

Unsteadiness/incoordination 
(ataxia)

Jerking limbs and body 
(myoclonus)

Cognitive problems

Speech and swallowing difficulties

Light sensitivity 

Respiratory distress 

Dizziness and double vision

Slow moving GI tract

Fluctuations in BP and heart rate

Newsome SD and Johnson T. J Neuroimmunol 2022.; Wang Y, et 
al. J Neurol 2023;  Murinson B and Guarnaccia JB. Neurology 
2008.; Lamb J, et al. Neurology 2021.; Wang Y, et al. J Neuro-
Ophthalmol 2020.; Koshorek J, et al. Front Neurol 2023.; Chan 
CK, et al. Front Neurol 2022.;  Newsome SD. Neurobiology of 
Disease 2016.; Martinez-Hernandez E, et al. JAMA Neurol 2016.; 
Budhram A, et al. JNNP 2021.; Piquet AL, et al. Neurol 
Neuroimmunol Neuroinflamm 2019.

Onset of symptoms: 
acute-chronic

Clinical features: 
Non-classical



Yin and Yang of Misdiagnosis

Chia NH, et al. 
Ann Clin Transl 
Neurol 2023.; 
Roy S et al. AAN 
2023.

25 (17.01%) Neuropathy
22 (14.97%)  Spondylytic myelopathy
17 (11.56%) Movement disorder
13 (8.84%)  Vestibular disorder
11 (7.48%)  Psychogenic disorder
10 (6.80%) Cerebrovascular
disorder
10 (6.80%) Connective tissue
disorder
9 (6.12%) Myopathy
8 (5.44%) Multiple sclerosis
5 (3.40%) Myasthenia gravis
4 (2.72%) Motor neuron disease
4 (2.72%) Hereditary
spastic paraparesis
4 (2.72%) Hypothyroidism
2 (1.36%) Lyme disease

Total=147

1 (0.68%) Tetanus
1 (0.68%) Celiac Disease
1 (0.68%) Endometriosis

Most Common SPSD Misdiagnoses

Predictors of Misdiagnosis (univariate analysis)

All SPSD OR (95% CI) Classic SPS OR (95% CI) SPS-Plus OR (95% CI)

N misdiagnosed (% of cohort) 147 (63%) 101 (43%) 34 (14.5%)

Initial symptoms = Stiffness 0.83 (0.51-1.37) 1.17 (0.62-2.22) 1.09 (0.36-3.28)

Initial symptoms = Spasm 0.77 (0.47-1.29) 0.62 (0.33-1.16) 0.79 (0.22-2.92)

Upper Extremity Stiffness/Spasm 9.55 (2.26-40.33) 17.0 (2.24-129.18) N/A

Lower Extremity Stiffness/Spasm 0.79 (0.56-1.11) 0.7 (0.46-1.05) 0.96 (0.42-2.22)
Initial symptoms = brainstem 1.28 (0.52-3.14) 1.26 (0.11-14.18) 7.00 (5.38-8.62)
Initial symptoms = cerebellar 1.07 (0.47-2.48) 0.2 (0.02-1.98) 3.27 (1.83-4.71)
Axial Spasms 2.0 (1.08-3.72) 0.62 (0.27-1.38) 3.90 (0.44-34.69)
Initial cerebellar symptoms = Axial 0.82 (0.33-2.05) 0.2 (0.02-1.98) N/A
Initial cerebellar symptoms = 
Appendicular 2.76 (0.57-13.29) N/A 1.81 (0.33-9.92)



Laboratory and imaging  



Timeline of discovered antibodies

1950’s-
1970’s

1980’s 1990’s 2000’s

1988

Anti-GAD Ab 
discovered and 

linked to 
diabetes & SPS

1993

Anti-
amphiphysin 

Ab & 
paraneoplastic 

SPS

2008

Glycine 
receptor Abs 
first reported 

in a case report 

2000’s & 
beyond

Others: 
Gephyrin, 
GABAA 

GABARAP, 
DPPX, Zic4

Glutamic acid decarboxylase= GAD; g-aminobutyric acid= GABA; 
Antibody= Ab; GABA receptor-associated protein= GABARAP; 
Dipeptidyl-peptidase-like protein 6= DPPX
Newsome SD and Johnson T. J Neuroimmunol 2022.; Dalakas MC. 
Neurotherapeutics 2022.; Hadavi S, et al. Pract Neurol 2011.



Laboratory testing

• Anti-GAD65 antibodies present in 60-80% of individuals with SPS

• Anti-GAD65 antibodies: though present in endocrinopathies, titer in 
SPS is generally many folds higher

• Serum autoantibody testing*: commercially available for anti-
GAD65, amphiphysin, and glycine receptor antibodies

• Lumbar puncture: anti-GAD65 antibodies and oligoclonal bands
*Different tests are available (ELISA, RIA) with different units and cut-points, so be careful when looking at results!
Dalakas MC. Neurotherapeutics 2022.; Newsome SD and Johnson T. J Neuroimmunol 2022.; Newsome SD. Neurobiology 
of Disease 2016.; Wang Y, et al. J Neurol 2023.



Anti-GAD65 antibody titers do not correlate 
with disease severity or duration

Blood

Spinal fluid



Anti-GAD65 antibody titer levels help differentiate 
SPSD from other conditions

Elfasi A, et al. AAN 2024



EMGs can help 
with diagnosis

Table 1. Sensitivity and Specificity results of Diagnostic Studies for Classic SPS

Item
Sensitivity 
(%) Specificity (%) Univariate OR

EMG co-contraction 23.5 93.1 4.2 (1.5-14.6)

EMG CMUA paraspinals 7.6 98.3 4.7 (0.846-87.1)

EMG CMUA lower extremities 4.2 96.6 1.3 (0.26, 8.8)

EMG CMUA upper extremities 0.8 98.3 0.483 (0.02-12.4)

EMG co-contraction 17.2 93.1 2.8 (0.69-12.3)

EMG CMUA paraspinals 3.4 98.3 2.0 (0.1-52.8)

EMG CMUA lower 
extremities

3.4 96.6 1.000 (0.05-10.9)

EMG CMUA upper 
extremities

0 98.3 -

Table 3. Sensitivity and Specificity results of Diagnostic Studies for SPS-Plus

Shuvro R, et al. 
AAN 2022.



MRI features in SPSD
B

A

C

D

E



PET imaging findings in SPSD
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Bar graph demonstrating the frequency of regional muscle fluorodeoxyglucose (FDG) 
avidity in individuals with anti-glutamic acid decarboxylase 65 related neurologic disorder.

~80% patients abnormal 
muscle PET findings

Wang Y, et al. Front Neurol 2021; Roman S, et al. ANA 2023.   

Cerebellar metabolism & atrophy

Brain PET
Body PET Body PET



Updates on disability outcomes



Factors associated with disability
• Martinez-Hernandez E, et al. (1998-2014; n=121)

Þ Symptom severity
Þ Presence and type of antibodies 

• Budhram A, et al. (2003-2018; n=212 [SPSD, 71]) 
Þ Cerebellar ataxia 
Þ Anti-GAD65 antibody titer > 500 nmol/L

• Wang Y, et al. (1997-2022; n=227) 
Þ Race- Black/African American race
Þ Brainstem/cerebellar involvement
Þ Unexposed to immune treatments



Is SPS a progressive disease?
• NIH longitudinal cohort study (1999-2006) 

• Enrolled 57 patients with SPSD (mostly classic)

• Over a two-year period, 32 treatment naïve patients 
assessed

• Examined every 6 months for measures of stiffness, 
heightened sensitivity, and general activities. 

• Treatment naïve patients’ outcomes
– => Stiffness Index increased
– => increased frequency of falls
– => need for assistance in walking and daily activities
– => progressively impaired ability to work 

Rakocevic G, et al. BMC Neurology 2019.  



Biomarker for early treatment

• Patient population: Stiff person syndrome 
(n=11), Cerebellar ataxia (n=16), limbic 
encephalitis (n=23), and controls (n=50). “Early measurement of sNfL levels could 

potentially assist in patient stratification 
to identify those who would particularly 
benefit from prompt and intensive 
immunosuppressive treatment.”



Serum neurofilament light chain levels are elevated in GAD65 
associated SPSD and associated with disability

Table 1. Case characteristics
SPS characteristics n (%)
SPS classic phenotype 14 (70%)
SPS GAD65 seropositive 20 (100%)
CSF positive GAD65 15 (75%)
Treatment naïve 16 (80%)

N=20N=4615

N=271

Reyes-Mantilla M, et al. AAN 2024



Updates on Treatment Considerations

SPS 
management

Symptomatic 
therapies

Immune therapy

Non-pharmacologic 
interventions



Timeline of treatments- Past

1950’
s

1960’s 1970’s 1980’s 1990’s 2000’s

1988

First 
report of 
steroid 

use in SPS

1989

First 
report of 
plasma 

exchange 
use in SPS

1994

First 
report of 
IVIG use 
in SPS

2005

First 
report of 

Rituximab 
use in SPS

Newsome SD and Johnson T. J Neuroimmunol 2022.; Dalakas 
MC. Neurotherapeutics 2022.; Hadavi S, et al. Pract Neurol 2011

1963

First report 
of diazepam 
use in SPS

1993

First report of 
Botulinum 
toxin use in 

SPS (paraspinal 
muscles)

2014

First report of 
Cognitive 
Behavioral 

Therapy in SPS 

SPS management

Symptomatic 
therapies

Immune therapy

Non-pharmacologic 
interventions



Enhancing the GABA system

This Photo by Unknown Author is licensed under CC BY-SA

Benzodiazepines:
Diazepam *
Clonazepam

Baclofen^

Multiple targets:

• Gabapentin
• Pregabalin
• Dantrolene
• Vigabatrin
• Tizanidine

• Levetiracetam
• Methocarbamol

*On average 20-30 mg daily needed
Rescue benzo’s can be considered

https://pl.qaz.wiki/wiki/Gamma-aminobutyric_acid
https://creativecommons.org/licenses/by-sa/3.0/


Botulinum toxin injection can help

Lumbar paraspinals 
65 units (25-100 units)

Thoracic paraspinals 
50 units (20-250 units)

Tensor Fascia Lata
40 units (20-70 units)

Iliopsoas
25 units (10-100 units)

Flexor digitorum longus
40 units (15-80 units)Posterior tibialis

50 units (20-100 units)

Trapezius
25 units (10-60 units)

Levator scapulae
35 units (20-60 units)

Roman S, et al. AAN 2024.

paraspinals
hip flexors

shoulder girdle

Subjective 
Improvement in 
Spasticity (Likert 

Rating 1-5)

Effect time 
(weeks) Side Effects Reported

Visit 1 3.78 (1.24) 8.67 (3.75)
Transient exacerbation of spasms 1 week 

post injection (5); leg weakness (1), 
imbalance (1)

Visit 3 4.53 (0.96) 10.21 (3.22) Transient exacerbation of spasms 1 week 
post injection (4) 

Visit 8 4.91 (0.30) 10.40 (1.65) No  adverse effects noted 

N=39



Intrathecal baclofen pump

• Refractory lower extremity spasticity
Ø Oral medications exhausted?
Ø Immunotherapy optimized?
Ø Secondary/Superimposed process screened for?

• Trial of intrathecal injection first to assess response

• Consistent follow up and pump management

This Photo by Unknown Author is licensed under CC BY-SA

Caution: catheter complications, life 
threatening withdrawal syndrome 

https://www.wikidoc.org/index.php/Cerebral_palsy_medical_therapy
https://creativecommons.org/licenses/by-sa/3.0/


Medications to avoid Opioids:
Dependence

Respiratory depression with co-
administration of benzodiazepines

Noradrenergic agents:

SNRI’s and TCA’s
Potential role of noradrenergic circuits in SPSD
Case reports/series in literature Benavides D and Newsome SD. Neurol Neuroimmunol Neuorinflamm 2016. 



Non-medication therapies are important
• Stretching
• Heat 
• Massage: deep tissue myofascial 

techniques 
• Ultrasound therapy
• Transcutaneous electrical nerve 

stimulation
• Aqua-therapy (mid to upper 90 )
• Osteopathic/chiropractic manipulation 
• Psychotherapy/behavioral therapy
• Talk therapy

• Acupuncture/Acupressure
• Yoga
• Qigong, Tai Chi 
• Assistive devices
• Occupational therapy
• Many others…….



Acceptance and Commitment Therapy
• Single site- Johns Hopkins, N=30
• 5 cohorts (5-7 people with SPS each)
• 6 weekly virtual sessions (~60-90 min)
• 90% completed 4 of 6 sessions
• 74% provided complete outcome data

Hughes A, et al AAN 2024.



Immunotherapy
Steroids

Intravenous immunoglobulin

Subcutaneous immunoglobulin

Rituximab
Mycophenolate

Cyclophosphamide

AHSCTPlasmapheresis/exchange

Tacrolimus

Cyclosporine
Azathioprine

Many more………



Immune therapy-Immunoglobulin 
• NIH high-dose IVIg trial 

– Total of 16 participants
– Cross-over study (placebo/IVIg)
– Improvement in stiffness score on IVIg
– 8 months follow-up 

• Subcutaneous Ig
– Comparative efficacy in other neurological 

conditions 
– Case series and case reports in SPSD
– IVIg not feasible (access) or poorly tolerated
– Dosing and frequency may limit use

Dalakas MC, et al. N Eng J Med 2001.; Aljarallah S and Newsome SD. Medicine 2021.



IVIG has a durable treatment effect
• Overall, monthly maintenance IVIg offers long-

term benefits
Þ Different types of IVIg “Responders”
Þ Dependency and wearing off effects 
Þ Conditioning effects
Þ Some have disease progression despite IVIg 

à more effective treatments are needed



Therapeutic Plasma Exchange in the Management 
of Stiff Person Syndrome Spectrum Disorders

Adverse Events of 24 patients treated at Johns Hopkins Hospital:
-One patient with asymptomatic hypotension
-Two patients with non-life-threatening bleeding events
-One patient with line thrombosis and line infection
-There were no patients with either anaphylaxis or death during TPE

Shuvro R, et al. AAN 2022.; Shuvro R, et al. Ther Adv Neurol Disord 2023.   

Clinical Characteristics
Overall, n = 39

Female 30 (77%)
Phenotype (%)

SPS  24 (61.5)
SPS Plus  10 (25.6)
Other   5 (12.9)
Age at TPE treatment, 
years

48 (± 13)

Anti-GAD65, U/ml (First 
lab test)

42,352 (0-
256,000)

Concurrent Immune 
Therapy

24

IVIG 21
Rituximab 3

Average time on immune 
therapy at time of TPE 
(IVIG and/or rituximab) 
in months

13.9 (± 25)

*Of the subgroup of 24 patients evaluated for any change in usage of symptomatic medications 3 
months after the TPE treatment, 14 (58%) required fewer GABAergic symptomatic medications. 
Responders on average 8 years younger. 

• Used as adjunct/second line immunotherapy, or acute exacerbation therapy
• Variable response, dramatic improvement to no improvement
• Duration of benefit variable



Immune therapy-Rituximab 

• NIH Rituximab trial
– Total of 24 participants
– Double-blind, placebo-controlled
– 6 months follow-up

Dalakas MC, et al. Ann Neurol 2017.

• No significant difference in stiffness 
index or hypersensitivity scale

• Strong placebo effect: improved 
QoL measure in both groups



Long-term Rituximab Use Benefits Patients with 
Stiff Person Syndrome Spectrum Disorders

Harrison K, et al. AAN 2023.

Clinical Characteristics Total
 (n=63)

Age, mean years (SD) 49 (13.6)

Female sex, n (%) 51 (81%)

Time between symptom onset and rituximab exposure, 
median years (IQR)

9.17 (4.46, 13.26)

Self reported gait difficulty, n (%) 61 (97%)

Objective gait abnormality on exam, n (%) 55 (88%)

Modified Rankin Score, mean (SD) 3.0 (0.83)

Median follow-up time, years 1.1

Maximum follow-up time, years 9.4

Inclusion criteria: 
- confirmed diagnosis of SPSD
- exposure to rituximab therapy
- >1 follow-up visit with adequate clinical information 

Main outcomes: change in relevant symptoms, objective findings, 
and global response (combined subjective and objective data).

• Outcome measures in SPS?
• Setting expectations – improvement…or 

stabilization/preventing progression?



Other treatments tried in SPSD



Future targets for immune therapy

• Anti–B-cell agents targeting CD19
• FcRn inhibitors that enhance the catabolism of circulating IgG antibodies- 

outcompetes endogenous IgG preventing its recycling and enhancing IgG 
degradation

• Anti–interleukin-6-receptor antagonists- plays a role in B cell activation and T 
cell differentiation

• T-cell directed therapies or therapies impacting cross-talk with T-&-B cells
• Many others………………………………………..



From Bench to Bedside



Pediatric and Pregnancy



Pediatric onset SPSD 
is rare but can occur

N=15



Pregnancy and SPSD



Future 
research 

directions

Improving diagnostics 
and identifying full 

spectrum  

Prospective studies 
and clinical trials

More specific 
outcome measures

Patient perspectives 
(registries)

Collaborative 
multidisciplinary 

care

Consensus 
recommendations 

(Updating Diagnostic criteria)

Timing of 
immunotherapy

Biomarkers for 
disease burden and 

monitoring



Summary
• SPSD are rare disorders but likely more common than previously thought

• The presentation is heterogenous and often difficult to diagnose early on 

• Early predictors of future outcomes are important 

• Treatments are available and can help people with SPSD

• More treatments are needed that can improve function and                  
most importantly cure stiff person syndrome
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