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Tecniche innovative: requirements

Utilizzabili 
in clinica

Non troppo 
costose

Facili da 
prescrivere



Trapianto fecale



Trapianto fecale

• C. difficile infection

• GVHD

• IBD

• IBS

• Multidrug-resistant organisms

• Metabolic syndrome

• Autism spectrum disorders

multiple sclerosis, PD, …

Cancers 2022, 14(3), 691; Annual Review of Medicine 70, 2019 



Trapianto fecale: razionale in FMS

• Intestinal dysbiosis, SIBO and 
increased intestinal permeability

Similar mechanisms  w/ IBS and Disorders of gut–brain 
interaction

• immune system, especially the mast cells (MCs), along 
with their products

• receptors, hormones, and neurotransmitters such as 
serotonin

• role of the microbiota: dysbiosis alters the levels of 
serotonin in the body and can produce hyperstimulation 
of the autonomic nervous system.

Vasquez, A. Neuroinflammation in fibromyalgia and CRPS is
multifactorial. Nat Rev Rheumatol 12, 242 (2016); Seminars in 

immunopathology 2018, 40(3)
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Trapianto fecale: razionale in FMS

• Altered microbiome composition

• Histidine\histamine-producing
bacteria.

• Altered BA composition: α-muricholic 
acid (αMCA) and alpha and beta-
tauromuricholic acid (TMCA α + 𝛃)

Pain. 2019 Nov;160(11):2589-2602; Pain 2023 , 
Volume 164 ( 2 ), p e66 – e76
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Trapianto fecale: studio traslazionale

1. Gut microbiota transplantation
from fibromyalgia patients
induces pain in mice

• primary fibromyalgia, who
screened negative for anxiety, 
depression, IBS

• microbiota compositional profile
was representative of a previously
established fibromyalgia signature

Cai et al., bioRxiv, Gut microbiota promotes pain in 
fibromyalgia, 2023

mechanical 

hypersensitivity

thermal 

hypersensitivity

cold 

hypersensitivity

Spontaneous 

pain

No change in memory, 

anxiety, depression-like 

behaviour



Trapianto fecale: studio traslazionale
• Increased proportion of classical monocytes compared to mice that received healthy control FMT

• Analysis of differentially expressed genes within this cellular population showed enrichment for IL-17 and TNF 

signaling pathways,

• Immune-related changes were also present in other cell types, including intermediate/non-classical monocytes, 

memory/plasma B cells, DC, Treg, and B cell-like T cells (Supplementary Table 3). The proportion of memory B 

cells was decreased in fibromyalgia FMT-recipient mice

• In fibromyalgia FMT-recipient mice, microglia were present in a reactive state in the lumbar dorsal spinal cord 

as evident by morphological changes

Cai et al., bioRxiv, Gut microbiota promotes pain in 
fibromyalgia, 2023
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Collectively, these results show that the transplantation of fibromyalgia 

microbiota into germ-free mice induces multisystemic effects, including 

altered metabolic profile, low-grade inflammation, and reduced 

epidermal innervation



Trapianto fecale: studio traslazionale
2. La sintomatologia si è in seguito normalizzata con un nuovo trapianto di 
microbiota fecale da soggetto sano. 

Notably, healthy control FMT into fibromyalgia microbiota-recipient mice without prior suppression of gut 
communities with antibiotics failed to alleviate pain

Cai et al., bioRxiv, Gut microbiota promotes pain in 
fibromyalgia, 2023
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Trapianto fecale: studio pilota
3. Open-label, pilot study to 

investigate the effect of FMT from 

healthy individuals on the 

symptoms of fibromyalgia in 

humans (n.17)

• Following depletion of the 

endogenous microbial 

communities using antibiotics 

and bowel cleansing, each 

patient received five FMTs, once 

every two weeks, via oral 

administration of encapsulated 

transplants from healthy donor

• One week after the last FMT

Cai et al., bioRxiv, Gut 
microbiota promotes pain in 

fibromyalgia, 2023
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pain intensity decreased 

by ≥2 points (out of 10, 

using pain numerical 

rating scale) in 12  pts

Symptomatic burden 

decreased, and anxiety, 

depression, sleep quality, 

and physical quality of life 

scores improved

Mental quality of life scores 

showed a trend toward 

improvement



Realtà virtuale



Realtà virtuale

• Tecnologia che utilizza software e hardware per creare un'esperienza
simulata che può imitare o sostituire la realtà fisica.

• Gli utenti possono essere immersi in ambienti tridimensionali
generati al computer e interagire con essi utilizzando dispositivi come 
visori VR, guanti sensoriali o controller di movimento.

• L’esperienza è di fatto vissuta come realistica (studi di neuroimaging)

• VR ANALGESIA



Realtà virtuale
November of 2021, the FDA authorized the marketing of a 
prescription home-use VR device to help reduce chronic low back 
pain
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VR treatment is self-administered 
over 56 sessions in the comfort of a 
patient's home with an average 
daily session of 6 minutes.

Relievrx.com

Virtual environments: serene nature settings, 
breathing exercises, narration about pain
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Realtà virtuale: FM: Esercizio fisico

• Studies investigating the effect of VR treatment in FM used non-immersive VR 

technologies such as exergames (Collado-Mateo et al., 2017; Garcia-Palacios 

et al., 2015; Martín-Martínez et al., 2019; Villafaina et al., 2019).
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Realtà virtuale: FM

• Esercizio fisico

• CBT

• Biofeedback 
multisensoriale

Intervista di G.Fabio al Dr. Chittaro, piattaforme AISF



Realtà virtuale: FM: Esercizio fisico

• EG plus 20 minutes of IVR, twice a 

week for 8 weeks.

• IVR: 10 minute dungeon game, the 

patient was asked to avoid guillotines 

by tilting …or jump with both legs.

• Aim of increasing balance and 

mobility

Exercise+IVR group showed significant 

improvement compared to the EG regarding 

pain, kinesiophobia, fatigue, level of physical 

activity, and mental component of quality of life 

(p < .05)



Realtà virtuale: FM: CBT

• 10 sessions of group CBT (ten 2 hour group sessions, 8w) with the support 
of an adaptive virtual environment containing a specific content for 
developing relaxation and mindfulness skills.

• Long term benefits at 6 months supported training in slow breathing.



Realtà virtuale: VR-based biofeedback

• 20 participants, rheumatoid arthiritis (RA), 
lupus, and fibromyalgia.

• Guided meditation (GM) environment, + 
respiratory biofeedback (BFD) environment.



Realtà virtuale: VR-based biofeedback

• High Acceptability

• Positive subjective experience

• Anxiety was significantly reduced immediately following an GM environment – but not after respiratory 
BFD. This was inconsistent with results from previous studies and may be a result of the small sample 
size.

• Acute pain relief occurs after immersive respiratory biofeedback and, to a lesser extent, immersive GM.

• The order of intervention did not have a significant effect



Realtà virtuale: meccanismi

• Active distraction.

• attention is required for pain and exists in limited supply

• VR is thought to be more effective than traditional methods of distraction because of its immersive property

• high immersion level produces more pain reduction than lower ones (Shahrbanian et al., 2012).

Goal -> increase user’s immersion

CAVE:

• VR distraction is a more appropriate procedure for specific moments such as when a patient is undergoing a painful 

medical procedure (experiencing acute pain).

• Chronic pain -> distraction may not always be an effective technique for such a multidimensional condition.

Pain Med, 2018; 19(1)

https://www.tandfonline.com/doi/full/10.1080/10400435.2020.1772900?casa_token=FXKg81tJKGgAAAAA:KRM5f6LanWZLymwj78dVAxNfsvSRgAf5rLrmoNm8bmO7GfV7EOVGmabeoDZADQ3KJgdwPg6RIgnhzw


Realtà virtuale: meccanismi

• Neurophysiologic changes

• Studies investigating active participation in VR to improve perception of control over pain 

• Loreto-Quijada et al. and Shiri et al. both used techniques that transitioned from visuals representing feelings of pain to visuals 

representing feelings of calm and comfort or happiness. 

• CBT

Pain Med, 2018; 19(1)



Psychedelic-Assisted Therapy



Psychedelic-Assisted Therapy

• Serotoninergic psychedelics

• LSD, Psylocibin, DMT, (MDMA)

• Mostly act through serotonin receptors | 2A receptor agonism

• Many psychedelic drugs also have high affinities for 5-HT2B and 5-HT2C receptors & 

other GPCR

Nature Neuroscience volume 25, pages 1407–1419 (2022);
Nature Reviews Neuroscience volume 21, pages 611–624 

(2020)



Psychedelic-Assisted Therapy: Mechanisms
Widespread changes in neural activity, particularly 
within the cortico-striato-thalamo-cortical loops, 
Which play crucial roles in regulating perception, 
cognition, and behavior. | Increased cortical activity, 
altered thalamic gating

Nature Neuroscience volume 25, pages 1407–1419 (2022);
Nature Reviews Neuroscience volume 21, pages 611–624 

(2020); Mindmedicineaustralis.org.au

5-HT2A are particularly enriched 

in the PFC
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Widespread changes in neural activity, particularly 
within the cortico-striato-thalamo-cortical loops, 
Which play crucial roles in regulating perception, 
cognition, and behavior. | Increased cortical activity, 
altered thalamic gating

Nature Neuroscience volume 25, pages 1407–1419 (2022);
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5-HT2A are particularly enriched 

in the PFC

Changes in measures of connectivity ->

psychedelic-evoked neural plasticity (neuroplastic adaptation) 

even after 1 administration

-> lasting symptom improvements

> BDNF, AMPA and NMDA-driven neuroplasticity



PAT: Depression

• 8 studies

• A significant decrease of 
depressive symptoms was 
found from day 1 to 6 months 
after psychedelic sessions 
(drug administration + 
psychological support).

• No serious adverse effect was reported in 
all included studies. 

• To our knowledge, ketamine is the only 
treatment which had shown relative 
similar results



PAT: Depression

• In the meta-analysis of 7 

randomised controlled trials, 

symptom reduction was 

significantly indicated in three 

timepoints out of four, including 1-

day, 1-week, and 3–5 weeks, with 

the exception of the 6–8 weeks 

follow-up point which was less 

conclusive.



MDMA-AT is a manualized therapy 

employing a nondirective approach 

that aims to allow patients to revisit 

traumatic memories along with related 

emotions and behavioral patterns.

PAT: PTSD

Overall, 84% (n = 27) reported having pain, and 75% (n = 24) 

reported disability associated with their pain. Significant reductions 

in CPGS subscales for pain intensity and disability score, and 

overall CPGS severity grade were observed among participants in 

the highest pain cluster (n = 9, p < 0.05), and for pain intensity in 

the medium pain cluster (n = 11, p < 0.05) post- vs. pre-treatment.



Psychedelic-Assisted Therapy: Mechanisms

• In fMRI studies in healthy volunteers, psilocybin and MDMA attenuate amygdala reactivity to negative and neutral stimuli and increase activity in the frontal 

cortex, modulating circuitry that can become dysregulated following trauma (Kraehenmann et al., 2015; Feduccia et al., 2018). 

• Reduced amygdala reactivity in response to affective stimuli and associated negative affect was decreased 1-week post psilocybin administration in 

healthy volunteers (Barrett et al., 2020).

• In PTSD, psilocybin may also inhibit fear responses during the revisiting of traumatic material.

International Review of Psychiatry
Volume 33, 2021 - Issue 3

Systems involved in emotional processing and memory are modulated 

by MDMA



PAT and chronic pain: Applications
• Phantom limb pain

• Already in 1960s and 70s

• Headache
• randomized, double-blinded, placebo-controlled study of psilocybin for cluster headaches in 2022

• Psylocibin may reduce the frequency of migraine headaches

• Neuropathic pain
• Case series (Pain 2023). low-dose psylocibin _Patients reported up to 80–100% pain relief lasting anywhere from 

3–4 hours to 2–4 weeks. However, the analgesic effect in 1 subject persisted for weeks suggesting a possible 
mechanism downstream of direct 5-HT2A agonism that may involve central modulation of nociception and synaptic 
plasticity

• Fibromyalgia
• Only survey (Glynos et al. J Psychoactive Drugs) - Of the 354 participants surveyed, 29.9% had reported use of a 

psychedelic with 59.4%, 36.8%, and <3% having a neutral, positive, or negative perceptions, respectively, on their 
impact of health and pain. Interestingly, 12 participants reported intentional use for treating chronic pain, with 11 
noting improvement in pain symptoms

• ONGOING 3 trials: 2 open label and 1 RCT

• Other case reports (CRPS, low back pain, spinal cord injury)

Journal of Pain Research
Volume 17, 2024; Expert Review of Neurotherapeutics

Volume 23, 2023 - Issue 10

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/headache
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Psychedelic analgesic mechanisms

• Modulation of bottom-up nociception

• Anti-inflammatory properties

• Serotonergic agonism from psychedelics has the potential to inhibit inflammatory signalling mediated by tumour 

necrosis factor-α (TNF-α), nuclear factor-κB and inflammatory cytokines.

• Impact on negatively valenced emotional states related to the pain experience

• Cognitive and psychosocial effects

• Neuroplastic effects

From taboo to treatment: The emergence of psychedelics in the management of 
pain and opioid use disorder." British Journal of Clinical Pharmacology (2023); 

«Are psychedelic medicines the reset for chronic pain…?» Zai et al., 
Neuropharmacology 2023

Critical role of the 5-HT2A R in the 

nociceptive transmission through the spinal cord

their activation can inhibit the descending 

nociceptive transmission in states of chronic and 

neuropathic pain

5-HT2A receptors are expressed in 

neurons in the dorsal root ganglia 

(DRG) - one of the analgesic properties 

of psilocybin, for instance, are believed 

to be mediated by downregulation of 5-

HT2A receptor in the DRG.

emerging evidence in animal 

models that 5-HT2A agonists 

have powerful anti-inflammatory 

effects by reducing 

inflammatory cascades 

mediated by pro-inflammatory 
cytokines

Modulation of the gut microbiome by psychedelics may 
influence immune functions.

https://www.sciencedirect.com/topics/medicine-and-dentistry/gut-microbiome
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Psychedelic analgesic mechanisms

From taboo to treatment: The emergence of psychedelics in 
the management of pain and opioid use disorder.

BJC, April 2024

modulation of neural 

circuits involved in the affective

components, alterations in 

cognitive components involved in 

pain perception

modulation of self focus

https://www.sciencedirect.com/topics/neuroscience/neural-circuit


PAT for chronic pain: therapeutic model

• Necessity to adapt the psychiatric model of PAT application to chronic pain

• For some conditions, such as cluster headache and migraine, the drug alone, at smaller doses with 
subtle subjective effects, may have therapeutic benefit.

• It is vital to reconsider the current emphasis on more resource-intensive psychedelic-assisted 
psychotherapy and advocate for a more flexible, diversified, and pragmatic role of psychedelics in 
this group of medical conditions.

• Priorities for future research include identifying ideal dosing parameters (How much drug should 
be administered, and when?), elucidating mechanisms of action (How do psychedelics work?) 
and delineating the influence of extra-pharmacologic factors (What might be therapeutic other than 
the drug itself?), all in the service of advancing therapeutic benefit.

• The lack of specificity of the popular term ‘microdosing,’ for instance, generates confusion. It encapsulates a range 
of potential regimens from a single sub-psychedelic dose in one’s lifetime to daily small doses for the rest of one’s 
life, which are starkly differing scenarios with very different pharmacokinetic and pharmacodynamic 
consequences.

Expert Review of Neurotherapeutics
Volume 23, 2023 - Issue 10
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