
INTRODUCTION

The impact of oxygen-ozone therapy on auto-
immune diseases is increasingly supported by 
evidence in the literature with recent encourag-
ing outcomes also observed in our clinical expe-
rience1-4. It is possible that ozone intervenes in a 
complex network of biomolecular functions ca-

pable of restoring mitochondrial biogenesis and 
function, thereby promoting the resolution of 
many concerning aspects of autoimmune symp-
toms, including pain, fatigue, motor disability, 
and discomfort, as mitochondrial dysfunction has 
been associated with the pathogenesis of autoim-
munity5. Additionally, certain complex syndromes 
with multifactorial etiology may be associated 
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ABSTRACT – Background: Isaac’s syndrome, or neuromyotonia, is a rare autoimmune neuromuscular disorder char-
acterized by continuous muscle fiber activity due to peripheral nerve hyperexcitability. Clinical features include persistent 
muscle stiffness, cramps, fasciculations, delayed muscle relaxation, and myokymia. These symptoms are often associated 
with autoantibodies targeting voltage-gated potassium channels (VGKCs) or related proteins such as CASPR2. Conventional 
treatment typically involves immunosuppressive agents and symptomatic medications, but therapeutic responses can be 
incomplete or transient. 

Case Report: We report the case of a 43-year-old woman with a long-standing diagnosis of Isaac’s syndrome who 
experienced limited benefit from prolonged immunosuppressive and symptomatic therapies. The patient presented with 
disabling motor symptoms, pain, and reduced quality of life. She was treated with major autohemotherapy using an oxy-
gen-ozone (O₂-O₃) protocol. Within two months, notable clinical and electrophysiological improvements were observed, 
including the resolution of neuromyotonia and significant gains in daily functional abilities. These improvements, assessed 
via the Barthel Index, remained stable over a three-year follow-up period, indicating sustained autonomy and pain con-
trol. The patient also carried MTHFR C677T and A1298C polymorphisms, which may have contributed to the autoimmune 
disease and influenced treatment response. 

Conclusions: This case highlights the potential role of oxygen-ozone therapy as a complementary non-pharmacolog-
ical approach in refractory autoimmune neuromuscular disorders. The sustained clinical benefit observed suggests that 
ozone therapy may contribute to immune modulation, redox balance, and restoration of mitochondrial function. Further 
studies are warranted to evaluate personalized ozone-based protocols in the management of immune-mediated neuro-
muscular conditions.
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with autoimmunity. For example, mitochondrial 
dysfunction is not typically considered a primary 
cause of Isaac’s syndrome, but emerging research 
suggests that mitochondrial abnormalities may 
play a role in certain cases, especially when the 
disorder is associated with autoimmune mecha-
nisms or paraneoplastic syndromes6. 

Isaac’s syndrome, also known as neuromyo-
tonia, is a rare neuromuscular disorder charac-
terized by muscle hyperactivity due to peripher-
al nerve hyperexcitability. This peripheral nerve 
hyperexcitability disorder is typically caused by 
either autoantibodies against voltage-gated po-
tassium channels (VGKCs), or associated proteins 
like CASPR27,8. 

This leads to symptoms such as persistent 
muscle twitching (fasciculations), muscle stiff-
ness, cramps, and delayed muscle relaxation. The 
condition can occur as an autoimmune disorder 
(often linked to antibodies against voltage-gated 
potassium channels) or as a paraneoplastic syn-
drome associated with underlying cancers. It may 
also be idiopathic (unknown cause) or hereditary. 
Diagnosis involves electromyography (EMG) and 
antibody testing. Treatment focuses on symptom 
management through medications like anticon-
vulsants and immunotherapy9.

Oxygen-ozone therapy has emerged as a com-
pelling adjunctive approach in managing autoim-
mune disorders, offering a multifaceted mecha-

nism that addresses key pathological processes1-5. 
By introducing a controlled oxidative stimulus, 
this therapy activates the body’s antioxidant de-
fense, thereby mitigating chronic inflammation 
via the interplay of Nrf2/HO-1/CO leading to the 
inactivation of NF-κB, thereby quenching the in-
flammatory response and promoting the M1 to 
M2 macrophage polarization in the macrophage 
involvement and the regulatory role of CD4pos, 
CD25pos, Foxp3pos Treg cells vs. Th17 cells, which 
are a hallmark of autoimmune diseases10. Nota-
bly, studies have demonstrated its capacity to 
modulate immune responses, including reducing 
pro-inflammatory cytokines and altering T-helper 
cell dynamics, which are pivotal in conditions such 
as multiple sclerosis and rheumatoid arthritis11,12.

Beyond immunomodulation, oxygen-ozone 
therapy enhances tissue oxygenation and micro-
circulation, promoting cellular repair and met-
abolic balance. This is particularly beneficial in 
autoimmune conditions where tissue hypoxia and 
oxidative stress exacerbate disease progression. 
Comprehensive clinical trials are essential to es-
tablish standardized protocols, assess long-term 
efficacy, and ensure patient safety, although the 
role of ozone in enhancing mitochondrial func-
tion remains of significant interest13. As research 
advances, oxygen-ozone therapy holds potential 
as a valuable component in the integrative treat-
ment of autoimmune disorders.

Graphical Abstract. Oxygen-ozone autohaemotherapy normalizes neuromyotonia by restoring redox and mitochondrial balan-
ce in Isaac's syndrome.
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CASE REPORT

In an attempt to verify whether oxygen-ozone 
therapy could be suitable for relieving pain 
and discomfort, a 43-year old female patient 
experiencing painful muscular symptoms and 
discomfort since June 2013, characterized by 
rapid fatigue following even modest exertion, 
accompanied by myotonia and fasciculations, 
was enrolled in an adjunct oxygen-ozone thera-
py protocol, while briefly interrupting her usu-
al pharmacological therapy due to unexpected 
adverse effects, which included prolonged pain, 
motility discomfort and fatigue. These effects 
were attributed to prolonged pharmacological 
therapy after the diagnosis of Isaac’s syndrome, 
made by one of the authors (O.B.) based on 
recently established criteria and guidelines9. 
Despite the pharmacological panel used to re-
duce muscle stiffness, cramps, and twitching 
(clonazepam 0.5 mg, prednisolone 16 mg, at 
daily doses), the symptoms rapidly worsened 
to the point of preventing ambulation. The pa-
tient’s medical history revealed recurrent asth-
ma attacks that, between the ages of 12 and 20, 
required frequent hospitalizations. Asthma at-
tacks were often associated with paraesthesia 
in the hands and lips.

The neurological symptoms acutely appeared 
after a severe asthma attack. The patient was 
hospitalized in the Neurology Department of 
Alessandria Hospital (Italy) and later at Mondino 
Hospital in Pavia, Italy, but a definitive diagnosis 
could not be made despite extensive laboratory 
and instrumental investigations, including muscle 
ultrasound techniques14. 

These investigations revealed only elevated 
inflammatory markers and homocysteine levels. 
Electromyography revealed myotonia with dou-
blet and triplet potentials at rest and prolonged 
muscle activity after exertion.  On September 3rd, 
2013, the right median nerve, the right peroneal 
nerve, and the left sural nerve were examined, as 
well as a needle study of the right biceps muscle. 
Electroneurographic data were within normal lim-
its for all the nerves examined. A prolonged maxi-
mal muscle contraction was noted after voluntary 
activity, along with the presence of doublets at 
rest (Figure 1A).

She was initially discharged with the diagnosis 
of “cramp-like myalgic syndrome of unknown or-
igin.” 

During hospitalization, she experienced brief 
relief of symptoms and was only able to resume 
walking after high-dose intravenous immunoglob-
ulin infusions. This treatment had to be quickly 
discontinued as a severe anaphylactic reaction 
occurred during the second infusion cycle. 

Investigations to determine any known auto-
immune cause of the disease (anti-GAD antibod-
ies, calcium and potassium channel antibodies, 
anti-SNP, anti-SNC, anti-amphiphysin, ANA, ENA) 
yielded negative results.

Figure 1. A, Electromyographic traces before oxygen-ozone ther-
apy. This tracing shows abnormal spontaneous muscle activity, 
notably: a) frequent high-amplitude doublets and triplets, indi-
cating neuromyotonia, a hallmark of Isaac’s syndrome; b) contin-
uous fasciculations and after-discharges, even at rest, which are 
characteristic of peripheral nerve hyperexcitability; c) the signal 
amplitudes (≈100 μV scale) and timing (10 ms) reveal persistent 
discharges unrelated to voluntary activity; d) this reflects severe 
nerve membrane instability and autoimmune hyperexcitability 
of the motor nerves. B, Electromyographic traces following two 
months of oxygen-ozone therapy. There is a remarkable normal-
ization of the EMG pattern: a) absence of abnormal spontaneous 
activity such as doublets or fasciculations; b) tracings exhibit a 
stable baseline, with no signs of neuromyotonic discharges; c) 
muscle electrical activity appears calm and physiologically appro-
priate for a resting state. This indicates a significant therapeutic 
response, consistent with clinical improvement and mitigation of 
nerve hyperexcitability. The EMG comparison clearly shows that 
oxygen-ozone therapy led to electrophysiological normalization, 
supporting the hypothesis that ozone’s redox-modulatory and 
immunoregulatory effects can reduce peripheral nerve hyperac-
tivity in Isaac’s syndrome.
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Yet, despite the negative autoantibody panel, 
clinical evidence supported the suspicion of an 
immune-mediated pathology, which led neurolo-
gists to diagnose Isaac’s syndrome9. Based on this 
diagnostic hypothesis, then confirmed by recent 
clinical guidelines9,14, given the extremely debili-
tating nature of the condition preventing the pa-
tient from performing normal daily activities, in 
February 2015, empirical treatment was initiated 
(ex juvantibus) with Medrol 16 mg/day and Myco-
phenolate mofetil 2 g/day, combined with carba-
mazepine 300 mg and baclofen 10 mg.

In October of the same year, the patient re-
ported a progressive improvement in neurological 
symptoms, enabling her to partially resume work 
activities. Prednisolone was gradually reduced 
from 16 mg/day to 4 mg/day. The neurologist (O.B.) 
confirmed the clinical improvement, and in June 
2016, the patient discontinued the steroid while 
continuing treatment with Mycophenolate mofetil. 
In December 2016, the patient experienced sig-
nificant emotional stress, which, as often occurs 
in immune-mediated diseases, led to worsening 
muscular pain with thigh contractures following 
minimal physical fatigue. Natural antioxidants (li-
poic acid, quercetin, L-ascorbate) were added to 
the therapy, and a brief course of prednisolone 
was administered, resulting in rapid clinical im-
provement.

Subsequently, in April 2018, due to further neu-
rological improvement, the dose of Mycopheno-
late mofetil was reduced to 1.5 g/day. In May 2021, 
following the patient’s desire to plan a pregnancy, 
Mycophenolate mofetil was discontinued, even due 
to its teratogenicity, without symptom recurrence. 
In January 2022, while in full neuromuscular well-be-
ing, the patient contracted COVID-19, which led to 
interstitial pneumonia and pericarditis. She was im-
mediately treated with corticosteroids and subse-
quently antiviral therapy. 

The viral infection caused a relapse of neu-
rological symptoms, and in March 2022, oxy-
gen-ozone therapy was recommended, approved 
by the patient, and initiated as major autohe-
motherapy. 

The oxygen-ozone therapy protocol lasted 5 
months, excluding a 4-week break, as the patient 
left the therapy due to summer holidays. Therapy 
included weekly sessions of O2-O3 major autohe-
motherapy (O2-O3-MAHT), following previously 
published protocols1,4,10 from the Italian Scientific 
Society of Oxygen-Ozone Therapy (SIOOT), using 
35 µg/ml O3 in 150 ml of autologous peripheral 
blood. 

Treatment was administered once weekly for 4 
months, with the frequency progressively reduced 
to twice monthly after clinical improvement was 
observed. The first neurological improvement 

was achieved at the end of two months post-ther-
apy. Neuromyotonia disappeared in electroneu-
rographic data (Figure 1B)15. 

The corticosteroid was gradually reduced and 
discontinued in September 2022. 

Currently, the patient has been free of muscu-
loskeletal pain, discomfort, fatigue, and difficulty 
with her autonomous mobility for approximately 
three years. Table I shows the Barthel Index for 
Activities of Daily Living (BIADL) at time 0 (before 
the O2-O3-MAHT), at one month (1), two months 
(2), four months (3), one year (4), today (5), follow-
ing the SIOOT oxygen-ozone therapy. The BIADL 
improved from 40 at time 0 to 100 at four months 
(p = 0.00509, H = 12.7979 at the Kruskal-Wallis 
test). The patient now enjoys good health and 
has almost completely regained motor activity, 
regained her social autonomy, and full daily living 
activity. For work purposes, she travels to Ger-
many several times a month and has undergone 
oxygen-ozone therapy every 3-4 weeks since De-
cember 2022.

DISCUSSION

Oxygen-ozone therapy, administered via O2-O3-
MAHT according to SIOOT protocols, effectively 
addressed the patient’s symptoms described in 
this case report, leading to substantial clinical im-
provement within a few months. The mechanism 
of ozone therapeutic effect may be explained by 
its ability to counteract the chronic oxidative re-
sponse to stressors, which then induce inflamma-
tion and pain, and by its ability to modulate mito-
chondrial biogenesis and activity10. 

Interestingly, the patient carries a polymor-
phism in the MTHFR gene, with double heterozy-
gous mutations at C677T and A1298C. This poly-
morphism predisposes individuals to autoimmune 
diseases such as SLE, as evidenced elsewhere16. Hy-
perhomocysteinemia, a consequence of the MTH-
FR gene mutation, promotes a series of diseases, 
including autoimmune, cardiovascular, thrombot-
ic, neurodegenerative, and neoplastic disorders17. 
High plasma homocysteine levels induce oxidative 
stress, which contributes to the clinical manifesta-
tions of the aforementioned diseases18.

Particularly for the lupus model, which is often 
considered a representative model for autoim-
mune diseases, autoimmune diseases are char-
acterized by elevated oxidative stress, directly 
proportional to clinical activity19-21, and also influ-
ences epigenetic mechanisms contributing to au-
toimmunity21. In other words, oxidative stress is 
elevated in autoimmune diseases, and the MTHFR 
gene mutation and the resulting hyperhomocys-
teinemia may exacerbate it. 
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The patient experienced a severe asthma attack 
before the onset of Isaac’s disease, resulting in sig-
nificant oxidative stress, compounded by genetic 
susceptibility to autoimmunity due to the MTHFR 
gene mutation. In our opinion, this contributed 
to the onset of the immune-mediated disease. 
The connection between oxidative stress and epi-
genetics helps explain the role of environmental 
triggers, such as recurrent asthma, as observed 
in this case, in the development of autoimmunity 
in genetically predisposed individuals22. Oxida-
tive stress is, therefore, one of the mechanisms 
through which environmental factors can trigger 
autoimmune diseases in predisposed individuals23. 

Low doses of ozone activate the Nrf2/Keap1/
ARE pathway24, promoting HO-1 expression and 
the production of biliverdin and carbon monoxide 
(CO), which inhibit NF-κB activation10. This rep-
resented the earliest rationale for oxygen-ozone 
therapy in immune-mediated diseases. Oxy-
gen-ozone therapy has demonstrated its ability to 
reduce oxidative stress and painful inflammation, 
producing a therapeutic effect, particularly via 
the ozone-mediated formation of 4-HNE25. 

Finally, low-dose ozone, as used in this thera-
py, has beneficial effects on mitochondrial viabili-
ty and function13. 

Recent data shows the involvement of damaged 
mitochondria in autoimmunity26-28  and that ozone 
may restore damaged mitochondria in Tregs, by 
acting on these cells in autoimmune diseases11. Re-
cent evidence suggests that medical ozone therapy 
exerts beneficial effects on mitochondrial biology 
by modulating redox signaling and improving cellu-
lar bioenergetics. Controlled exposure to ozone can 
induce a mild oxidative stress that activates adap-
tive antioxidant responses, notably via the Nrf2 
pathway, enhancing mitochondrial resilience and 
function. This hormetic mechanism may restore 
mitochondrial membrane potential, improve ATP 
production, and reduce chronic oxidative damage 
in dysfunctional cells. Ozone has also been shown 
to stimulate mitochondrial biogenesis and repair 
processes, potentially countering age-related mi-
tochondrial decline and metabolic disorders. How-
ever, precise dosing is critical to avoid cytotoxicity 
and ensure therapeutic efficacy without disrupting 
mitochondrial integrity.

Table I. Barthel index of Activities of Daily Living (ADL).

		  0	 1	 2	 3	 4	 5

	 Feeding						    
Independent [+10], Needs help [+5], Unable [0]	 10	 10	 10	 10	 10	 10
	 Bathing						    
Independent [+5], Unable [0]	 0	 5	 5	 5	 5	 5
	 Grooming						    
Independent [+5], Unable [0]	 0	 5	 5	 5	 5	 5
	 Dressing						    
Independent [+10], Needs help [+5], Unable [0]	 5	 10	 10	 10	 10	 10
	 Bowel control						    
Continent [+10], Occasional accident [+5], Incontinent	 5	 10	 10	 10	 10	 10
 (catheterized, unable to manage alone) [0]
	 Bladder control						    
Continent [+10], Occasional accident [+5], Incontinent	 5	 10	 10	 10	 10	 10
 (catheterized, unable to manage alone) [0]
	 Toilet use						    
Independent [+10], Needs help [+5], Unable [0]	 5	 5	 10	 10	 10	 10
	 Transfers (bed to chair and back)						    
Independent [+15], Needs minor help (verbal or physical) [+10], 	 5	 10	 10	 15	 15	 15
 Needs major helps (1 or 2 people, physical) can sit [+5], Unable [0]
	 Mobility on level surfaces						    
Independent (but may use any aid, e.g., stick) > 50 yards [+15], 	 5	 5	 10	 15	 15	 15
 Walks with help of one person (verbal or physical) > 50 yards [+10], 
 Wheelchair independent, including corners, < 50 yards [+5], 
 Immobile or < 50 yards [0].
	 Stairs						    
Independent [+10], Needs help (verbal, physical, carrying aid) [+5], Unable [0]	 0	 5	 10	 10	 10	 10
	 TOTAL	 40	 75	 90	 100	 100	 100

Columns indicate time points: 0 = baseline (pre O₂-O₃ therapy), 1 = 1 month, 2 = 2 months, 3 = 4 months, 4 = 1 year, 5 = last follow-up.
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In conclusion, the therapeutic success ob-
served in this case report reinforces the ratio-
nale for employing oxygen-ozone therapy as 
a targeted strategy against chronic oxidative 
stress and immune dysregulation in genetically 
predisposed individuals. By restoring redox bal-
ance, modulating mitochondrial dynamics, and 
attenuating inflammation through the Nrf2/
Keap1/ARE pathway, ozone therapy addresses 
core pathophysiological mechanisms implicated 
in autoimmunity. The patient’s remarkable clin-
ical improvement, despite underlying genetic 
vulnerabilities such as MTHFR polymorphisms 
and asthma-induced oxidative burden, highlights 
the potential of this integrative approach. Future 
studies should further elucidate the role of mi-
tochondrial protection in ozone therapy to opti-
mize personalized protocols in autoimmune and 
inflammatory diseases.

CONCLUSIONS

This case report highlights the potential of ox-
ygen-ozone therapy as a promising integrative 
approach for immune-mediated neuromuscu-
lar disorders such as Isaac’s syndrome. The pa-
tient’s sustained clinical improvement following 
a structured O₂-O₃-MAHT protocol supports the 
hypothesis that ozone therapy may beneficially 
modulate biochemical and cellular pathways in-
volved in autoimmunity, particularly redox bal-
ance and mitochondrial function. However, as 
this is a single case report, the findings should 
be interpreted with caution. The absence of a 
control group, the concurrent reduction in im-
munosuppressive therapy, and the subjective 
nature of some outcome measures limit the gen-
eralizability of the results. Furthermore, while 
improvements were documented through clini-
cal scales and electrophysiological findings, the 
underlying mechanisms remain to be fully elu-
cidated. Genetic predispositions such as MTH-
FR polymorphisms and environmental stressors 
likely contributed to disease pathogenesis and 
may also have influenced treatment response. 
Therefore, larger, controlled studies are essen-
tial to validate these preliminary observations 
and to define the therapeutic role, optimal dos-
ing, and safety profile of oxygen-ozone therapy 
in autoimmune neuromuscular conditions.
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