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Abstract 

Chronic Ataxic Neuropathy with anti-Disialosyl IgM Antibodies (CANDA) is a rare form of 
immune-mediated sensory ataxic neuropathy. We describe the case of a 45-year-old man, who 
was diagnosed with CANDA in October 2018. Since then, he has been treated with monthly 
courses of intravenous immunoglobulin administration (IV Ig) and, in October 2022, he 
underwent plasmapheresis, reporting a sudden worsening of clinical and motor picture. After a 
new IV Ig cycle admission, the patient was hospitalized to perform intensive rehabilitation, 
involving two individual sessions per day (90 minutes each) for 5 days a week. During 
hospitalization it was registered a relevant improvement in the muscle strength of the lower limbs 
(LLs). Furthermore, progressive improvements were recorded both in patient's motor 
performance and in his level of autonomy in activities of daily living. These results had a positive 
impact on his quality of life and made it possible to reduce the frequency of IV Ig treatments. 
This is the first case in literature reporting the combined effect of rehabilitation treatment and 
medical therapy in CANDA neuropathy. 
Key Words: chronic ataxic neuropathy; CANDA; anti-disialosyl antibodies; rehabilitation; 
muscle exercise. 
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 Chronic Ataxic Neuropathy with anti-Disialosyl IgM 
Antibodies (CANDA) is a rare form of immune-mediated 
sensory ataxic neuropathy characterized by a progressive 
and severely disabling course, sensory deficit-related gait 
disturbance, hypo-/areflexia and anti-GD1b IgM 
antibody positivity.1, 2 Most patients are males; the mean 
age at onset is 55 years.3 The most accredited 
etiopathogenetic theory suggests that CANDA is induced 
by lesions of the node of Ranvier. Specifically, this 
autoimmune peripheral neuropathy is associated with 
disialosyl antibody activity against gangliosides found in 
the axolemma of the paranode;4 therefore, it could be 
classified as a paranodopathy.5 Most patients affected by 
CANDA respond well to intravenous or subcutaneous 
immunoglobulins administration.6 Immunomodulatory 
therapy with Rituximab, which is often used as second-
line treatment, has also been successful.1  
There is a lack of evidence in the literature regarding 
possible rehabilitation approaches for patients with 
CANDA. 

Materials and Methods 

Case Report 
We describe the case of a 45-year-old male patient who 
developed diplopia, buccal and limb paresthesias, 
"stocking-like" hypoesthesia and dysto-proximal 
hyposthenia in the LLs right after an emergency 
appendectomy (October 2018). Diagnostic investigations 
revealed positivity to anti-GD1b IgM antibodies: a 
diagnosis of CANDA was made.  
The most recent electromyography of the LLs was 
performed on June 19, 2019. The neurologist concluded: 
"The neurophysiological findings are compatible with 
demyelinating sensorimotor polyneuropathy with an 
axonal component. Clinically, the patient showed 
predominantly proximal lower limb strength deficits, 
with F-wave prolongation over 130% of the laboratory-
predicted normal range". Ultrasound nerve studies were 
not conducted. Since then, the patient has been treated 
with monthly courses of intravenous immunoglobulin 
administration (IV Ig, 180 g in 4 days) and oral steroid 
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therapy. In March 2020, he was treated with Rituximab 
(375 mg/m2), with little benefit. He then resumed IV Ig 
administration every 4 weeks, prior undergoing regular 
neurological checkups. As for the patient’s motor skills, 
he was able to walk short stretches with the aid of a 
walker, whereas a wheelchair was needed to cover longer 
distances. He managed to take a few steps without a 
walking aid only if supported by a caregiver. The patient 
reported a relevant motor performance improvement and 
muscle strength recovery right after the first few days of 
every IV Ig administration, while describing a decreasing 
motor function over the next weeks. The resulting 
consistent pattern made it necessary to start new cycles 
of IV Ig therapy every other 4 weeks. In order to reduce 
the frequency of therapy cycles and to maintain motor 
skills improvements over time, the patient underwent 4 
plasmapheresis sessions in a row (October 2022); 
however, it was immediately reported a sudden 
worsening of clinical and motor picture, observing severe 
fatigability and loss of strength in the LLs.  
On account of the worsened motor skills and limited 
functional ability to perform activities of daily living, the 
patient was initiated to a new IV Ig cycle and 
subsequently hospitalized to perform intensive 
rehabilitation. 

Assessment 
After signing an informed consent, the patient was 
evaluated by a single practitioner (physiatrist) at the 
beginning of hospitalization (T0), at the end of a second 
cycle with IV Ig (T1, at 20 days from T0), and at 
discharge (T2, at 35 days from T0). Medical assessment 
was completed by administration of the following scales, 
in the form of paper questionnaires filled out by the 
doctor: 
1. Barthel Index (BI), an ordinal scale which measures 

a person's ability to complete Activities of Daily 
Living (ADL);7 

2. Functional Independence Measure (FIM) scale, an 
assessment tool that aims to evaluate the functional 
status of patients throughout the rehabilitation 
process; for our patient’s evaluation we focused on 
the motor functionality (self-care, sphincter control, 
transfers, locomotion) as he wasn’t affected by 
neither cognitive nor communicative deficits;8 

3. Four limb strength assessment by manual muscle 
testing using the Medical Research Council (MRC) 
scale;9 

4. Short Form-12 Health Status Questionnaire 
(specifically the Mental Component Score, MCS-
12);10 

5. Modified Toronto Clinical Neuropathy Score 
(mTCNS):11 originally designated for the evaluation 
of diabetic neuropathy, we used it to assess 
characterize neuropathic symptoms in the absence of 
specific scales for CANDA; 

6. Neurological physical examination and graphic 
representation of the distribution of paresthesias and 
deficits in superficial tactile and pain sensitivity. 

Training protocol 
The patient underwent intensive inpatient rehabilitation 
treatment involving two individual sessions per day (one 
in the morning and one in the afternoon) of 
approximately 90 minutes each for 5 days a week for the 
entire duration of the hospitalization. The trainings 
included physical exercises, executed with the help of 
qualified physiotherapists; rehabilitation devices (such as 
cyclette) were also used. No biofeedback stimulators 
were used. Goals for rehabilitation were muscle 
strengthening of the LLs, proprioceptive stimulation and 
reeducation, improvement of autonomy in 
verticalization, balance and gait training with aids. After 
the first rapid deterioration of the motor picture (T0 to 
T1), the patient's performance was more affected by LLs 
hyposthenia than by balance problems (despite ataxia 
being one of the main clinical features of CANDA). 
Therefore, the rehabilitation treatment -especially in the 
early stages of the hospitalization- focused on 
strengthening the LLs muscles. Specifically, muscle 
strengthening exercises focused on hip flexion against 
gravity, open-chain resistance quadriceps eccentric 
exercises, ankle flexion-extension against resistance and 
trunk muscle enhancement to enable better postural 
control. Balance keeping while standing was trained with 
repetitions of stand-up and sit-down sequences, which 
the patient was able to execute exclusively thanks to the 
anterior support of an antibrachial walker. Gait training 
was performed with the aid of an antibrachial walker or 
on parallel bars. The patient always needed the support 
of a trained physiotherapist. The performed exercises 
were progressively adapted to the improvements of the 
patient's motor performance (especially after the IV Ig 
cycle administered during hospitalization), through an 
increased level of difficulty of the exercises, number of 
repetitions, and reduction of cool-down breaks duration. 

Results 
During hospitalization it was registered a moderate 
improvement of strength during the flexion-extension 
movements of the major joint districts of the LLs (MRC 
Sum score at the LLs: 19/30 at T0, 22/30 at T1, 23/30 at 
T2), especially on the proximal side (Figure 1). On the 
contrary, we did not observe a significant change of 
hypoesthesia, anesthesia and "stocking-like" tingling 
paresthesias detected on both limbs at time of admission. 
The pain sensitivity deficit detected at T0 regressed at T1 
(and maintained at T2) (Figure 2). Furthermore, 
progressive improvements were recorded both in 
patient's motor performance (FIM motor part: 72 at T0, 
76 at T1 and 79 at T2) and in his level of autonomy in 
activities of daily living (BI: 50/100 at T0 , 60/100 at T1 
and 75/100 at T2). The patient was compliant and 
motivated by the proposed rehabilitation treatment.  
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A significantly enhanced mood was noted. He also 
showed to be more and more confident about the 
possibility of concrete recovery and quality of life 
improvements (MCS-12: 33 at T0, 54 at T1 and 57 at T2). 
At the moment of pre-discharge evaluation (T2), the 
patient had already showed a slight decrease of motor 
performance and strength compared with all of the 
previous days noted improvements: the maximum 
synergistic effect between IV Ig therapy and 
rehabilitation was reached about 3 weeks after the 
beginning of the last cycle of IV Ig admission.  

After being discharged, the patient underwent the next 
cycle of therapy 5 weeks after the previous one and 
continued rehabilitation as an outpatient to consolidate 
all of the progress he made during hospitalization in a 
different Rehabilitation Hospital, near his house. He had 
then gradually resumed his daily activities. He no longer 
performed plasmapheresis. He’s been keeping a 
frequency of IV Ig cycles administration every 5 weeks 
while his neurologists are evaluating another attempt at 
Rituximab treatment. 

 
Fig 1. Graphical representation of the results (FIM motor part, Barthel Index, MRC Sum score of the LLs, mTCNS 

and MCS-12) at T0, T1 and T2. 

 
Fig 2. Graphical representation of the results (FIM motor part, Barthel Index, MRC Sum score of the LLs, mTCNS 

and MCS-12) at T0, T1 and T2. 
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Discussion 
In the described case, the combination of IV Ig therapy 
and intensive inpatient rehabilitation is associated with 
an improvement of lower limb muscle strength and 
global motor performance, which correlates with a 
relevant improvement of the patient's autonomy to 
perform activities of daily living and quality of life.  
It also made possible to reduce the frequency of 
treatments with IV Ig, both decreasing the number of 
annual hospital accesses and potentially lowering the cost 
of treatment borne by the National Health System.  
In addition to the exercise itself, we believe that the 
hospital’s secured environment and the help of trained 
physiotherapists allowed the patient to completely focus 
on his rehabilitation and were, therefore, co-responsible 
factors of his improvements.  
In this case,  the patient's medical history shows that 
treatment of CANDA with plasmapheresis was 
associated with a worsening of clinical picture and 
reduced motor performance: if confirmed by other 
evidence, this treatment approach would therefore be 
reconsidered.  
We also discuss potential strategies to implement the 
patient's rehabilitation. Muscle strengthening exercises 
of the LLs could have been combined with electrical 
stimulation sessions targeting the impaired muscles,12 
however a recent EMG evaluation is usually 
recommended before assessing electrical stimulation 
parameters for denervated/partially denervated muscles, 
and in this case was not available.  
The use of advanced rehabilitation technologies for 
balance and gait training (e.g. wearable sensors and an 
interactive user interface for real-time visual feedback) 
would also have been useful but unfortunately the 
rehabilitation facility where the patient was admitted did 
not have such devices.13 
This is the first case in literature reporting the combined 
effect of rehabilitation treatment and medical therapy in 
CANDA neuropathy. To confirm the effectiveness of this 
approach, it will be necessary to apply it to as many 
patients as possible (compatible with the low prevalence 
of the disease). Also, we suggest the possibility to design 
a specific evaluation scale to assess and monitor CANDA 
neuropathy severity and progression of symptoms. 

List of acronyms 
ADL - Activities of Daily Living 
BI - Barthel Index 
CANDA - Chronic Ataxic Neuropathy with anti-
Disialosyl IgM Antibodies 
EMG – electro myography 
FIM - Functional Independence Measure 
IV Ig - intravenous immunoglobulin administration 
LLs - lower limbs 
MCS-12 - Mental Component Score 
MRC - Medical Research Council 
mTCNS - Modified Toronto Clinical Neuropathy Score 

Contributions of Authors 
GB performed functional evaluations, contributed to data 
analysis and interpreted the results. AM set the 
rehabilitation goals and designed the training protocol. 
AM, AP and LO contributed to interpretation of data and 
supervised the manuscript. All authors read and approved 
the final edited version of the manuscript. 

Acknowledgments  
We would like to thank Physiotherapists Ugo Mazzardo 
and Fabiana Emili, who assisted the patient during the 
treatment. 

Funding 
None. 

Conflict of Interest 
The authors declare no conflict of interests, since they did 
not receive any funding for the present research. 

Ethical Publication Statement 
We confirm that we have read the Journal’s position on 
issues involved in ethical publication and affirm that this 
report is consistent with those guidelines. 

Corresponding Author 
Andrea Marcante, U.O.C. Recovery and Functional 
Rehabilitation – Lonigo, Ulss8 Berica. Italy. 
ORCID iD: 0000-0002-0869-6175. 
Email: andrea.marcante@aulss8.veneto.it  

E-mails and ORCID iD of co-authors 
Giulio Balestro: balestro.giulio@gmail.com   
ORCID iD: 0009-0008-7271-9352 
Alessandro Picelli: Alessandro.picelli@univr.it  
ORCID iD: 0000-0002-3558-8276 
Luca Ortolani: luca.ortolani@aulss8.veneto.it  
ORCID iD: 0009-0009-2412-6410 

References 
1. Garcia-Santibanez R, Zaidman CM, Sommerville 

RB, Lopate G, Weihl CC, Pestronk A, Bucelli RC. 
CANOMAD and other chronic ataxic neuropathies 
with disialosyl antibodies (CANDA). J Neurol. 
2018 Jun;265(6):1402-1409. doi: 10.1007/s00415-
018-8853-4. Epub 2018 Apr 9. PMID: 29633012. 

2. Willison HJ, O'Leary CP, Veitch J, Blumhardt LD, 
Busby M, Donaghy M, Fuhr P, Ford H, Hahn A, 
Renaud S, Katifi HA, Ponsford S, Reuber M, Steck 
A, Sutton I, Schady W, Thomas PK, Thompson AJ, 
Vallat JM, Winer J. The clinical and laboratory 
features of chronic sensory ataxic neuropathy with 
anti-disialosyl IgM antibodies. Brain. 2001 
Oct;124(Pt 10):1968-77. doi: 
10.1093/brain/124.10.1968. PMID: 11571215. 

3. Peillet C, Adams D, Attarian S, Bouhour F, Cauquil 
C, Cassereau J, Chanson JB, Cintas P, Creange A, 
Delmont E, Fargeot G, Genestet S, Gueguen A, 
Kaminsky AL, Kuntzer T, Labeyrie C, Michaud M, 

mailto:andrea.marcante@aulss8.veneto.it
mailto:balestro.giulio@gmail.com
mailto:Alessandro.picelli@univr.it
mailto:luca.ortolani@aulss8.veneto.it


Medical and physical therapy in CANDA 
Eur J Transl Myol 33 (5) 11557, 2023 doi: 10.4081/ejtm.2023.11557 

- 5 - 

 

Pereon Y, Puma A, Viala K, Chretien P, Adam C, 
Echaniz-Laguna A. Anti-disialosyl-
immunoglobulin M chronic autoimmune 
neuropathies: a nationwide multicenter 
retrospective study. Eur J Neurol. 2022 
Dec;29(12):3547-3555. doi: 10.1111/ene.15523. 
Epub 2022 Aug 29. PMID: 35969369. 

4. Yuki N, Uncini A. Acute and chronic ataxic 
neuropathies with disialosyl antibodies: a 
continuous clinical spectrum and a common 
pathophysiological mechanism. Muscle Nerve. 
2014 May;49(5):629-35. doi: 10.1002/mus.24192. 
Epub 2014 Feb 28. PMID: 24477718. 

5. Vallat JM, Deschamps N, Taithe F, Richard L, 
Duchesne M, Magy L, Mathis S. Are Miller Fisher 
syndrome and CANDA due to a paranodopathy? J 
Neurol Sci. 2022 Jul 15;438:120279. doi: 
10.1016/j.jns.2022.120279. Epub 2022 May 10. 
PMID: 35576641. 

6. Marastoni D, Africa L, Peretti A, Bocci S, Insana L, 
Ferrari S, Ginanneschi F, Zanette G, Fabrizi GM, 
Giannini F. Sustained response to subcutaneous 
immunoglobulins in chronic ataxic neuropathy with 
anti-disialosyl IgM antibodies (CANDA): report of 
two cases and review of the literature. J Neurol. 
2020 Aug;267(8):2353-2361. doi: 10.1007/s00415-
020-09843-y. Epub 2020 Apr 28. PMID: 32347337. 

7. Mahoney FI, Barthel DW. Functional evaluation: 
the Barthel index. Md State Med J. 1965 Feb;14:61-
5. PMID: 14258950. 

8. Ravaud JF, Delcey M, Yelnik A. Construct validity 
of the functional independence measure (FIM): 
questioning the unidimensionality of the scale and 
the "value" of FIM scores. Scand J Rehabil Med. 
1999 Mar;31(1):31-41. doi: 10.1080/003655099 
444704. PMID: 10230001. 

9. Compston A. Aids to the investigation of peripheral 
nerve injuries. Medical Research Council: Nerve 
Injuries Research Committee. His Majesty's 
Stationery Office: 1942; pp. 48 (iii) and 74 figures 
and 7 diagrams; with aids to the examination of the 
peripheral nervous system. By Michael O'Brien for 
the Guarantors of Brain. Saunders Elsevier: 2010; 
pp. [8] 64 and 94 Figures. Brain. 2010 

Oct;133(10):2838-44. doi: 10.1093/brain/awq270. 
PMID: 20928945. 

10. Gandek B, Ware JE, Aaronson NK, Apolone G, 
Bjorner JB, Brazier JE, Bullinger M, Kaasa S, 
Leplege A, Prieto L, Sullivan M. Cross-validation 
of item selection and scoring for the SF-12 Health 
Survey in nine countries: results from the IQOLA 
Project. International Quality of Life Assessment. J 
Clin Epidemiol. 1998 Nov;51(11):1171-8. doi: 
10.1016/s0895-4356(98)00109-7. PMID: 9817135. 

11. Idiaquez JF, Alcantara M, Bril V. Optimal cut-off 
value of the modified Toronto Clinical Neuropathy 
Score in the diagnosis of polyneuropathy. Eur J 
Neurol. 2023 May 19. doi: 10.1111/ene.15870. 
Epub ahead of print. PMID: 37203998. 

12. Kern H, Hofer C, Loefler S, Zampieri S, Gargiulo 
P, Baba A, Marcante A, Piccione F, Pond A, 
Carraro U. Atrophy, ultra-structural disorders, 
severe atrophy and degeneration of denervated 
human muscle in SCI and Aging. Implications for 
their recovery by Functional Electrical Stimulation, 
updated 2017. Neurol Res. 2017 Jul;39(7):660-666. 
doi: 10.1080/01616412.2017.1314906. Epub 2017 
Apr 13. PMID: 28403681. 

13. Grewal GS, Sayeed R, Schwenk M, Bharara M, 
Menzies R, Talal TK, Armstrong DG, Najafi B. 
Balance rehabilitation: promoting the role of virtual 
reality in patients with diabetic peripheral 
neuropathy. J Am Podiatr Med Assoc. 2013 Nov-
Dec;103(6):498-507. doi: 10.7547/1030498. 
PMID: 24297986. 

Disclaimer 
All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their 
affiliated organizations, or those of the publisher, the 
editors and the reviewers. Any product that may be 
evaluated in this article or claim that may be made by its 
manufacturer is not guaranteed or endorsed by the 
publisher. 
 

Submission: June 30, 2023 
Revision received: July 16, 2023 

Accepted for publication: July 17, 2023 
 

 


	Training protocol
	Results

