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Structured Abstract: 
Background: 
Functional neurological disorders have attracted a lot of attention of the neurological 
medical community over the last decades as new development in neurosciences has 
reduced stigma around it by showing brain network dysfunctions. An overlap with other 
neurological condition such as Multiple sclerosis is well known by clinicians but there is a 
lack of clinical and fundamental research in this field to better define diagnosis and 
therapeutic decisions as well as deep understanding of underlying pathophysiolopgy. 
Aim: 
We set out to write a critical commentary on the state of knowledge in the borderland 
between FND and MS  
Methods: 
We based our commentary on a joint point of view between an FND specialist and MS 
expert.   
Results:  
A brief review of previous literature and relevant new studies covering the overlap between 
FND and MS is presented along suggestions for future research directions 
Conclusion: 
There are clear diagnostic criteria for both FND and MS and a strict application of them will 
help better diagnosis and prevent unnecessary treatment escalation in MS or absence of 
referaal to multimodal therapy in FND. Better teaching of younger neurologist is needed as 
well as prospective research focusing on pathophysiology.  
 
 
Over the past decades, the field of Neurology has seen tremendous developments in its 

therapeutic possibilities. This has led to reorganization in subspecialties within the clinical-

academic environment. To name a few, stroke centers have been established1 to improve 

acess to recanalization therapy; movement disorder clinics2 and epilepsy units3 now liaise with 

neurosurgery to offer surgical options on top of other medical approaches; and 

neuromuscular centers4 offer multidisciplinary care including gene therapy. While this 

subspecialization is useful for the development of specific competences and for research, they 
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present the risk of silos and fragmentation5 in the sense that each sub-specialty works 

independently without a more comprehensive view of the condition of the individual patient. 

In this position paper we will highlight potential implications for people with  multiple sclerosis 

(pwMS)6 and functional neurological disorders (FND)7. In clinical practice, misdiagnosis and 

coexistence of clinical signs of FND and MS are encountered. We advocate for a close 

collaboration between the fields of Neuroimmunology/MS and FND for two main reasons: 1. 

better definition of diagnostic criteria will facilitate rapid and efficient identification of these 

patients in order to tailor their treatment and 2. thorough characterization of overlapping 

clinical pictures may shed light on potentially common underlying pathophysiological 

mechanisms. 

 

1. Diagnostic challenges 

1.1. Diagnostic criteria for MS and FND: where to draw the line? 

Misdiagnosing a patient as having MS when in fact the diagnosis is FND or vice versa is not 

rare8  and can be harmful in both directions.  

A false MS diagnosis in an FND patient will lead to unnecessary and potentially harmful 

treatment9 and will prevent the patient to engage in the right therapy program that can help 

improve the FND symptoms, such as newly developed targeted neurophysiotherapy10. 

Likewise, a false FND diagnosis in an MS patient will cause delay in administering disease-

modifying treatment and might add unnecessary stigma by perpetuating a dualism that the 

patient either has a “real/organic” disease or a “non-organic” disorder11 and that they initially 

were simply not taken seriously.  

The relapsing nature of in part ill-defined symptoms of MS with few or no objective 

neurological signs may contribute to misdiagnoses. A recent systematic review8 provided 

objective data on how often these misdiagnoses happen. Cohort studies of MS patients in 

several geographic regions (New Zealand12, Israel13, Portugal14, Ukraine15) showed overall 

rates of misdiagnosis ranging from 58%13 to 9%12.  The proportion of the initial, but false 

diagnosis of FND or psychiatric illness varied : higher rates were found in earlier studies (up 

to 100% in 1976-198112) dropping to 13% in 2007-2018, possibly reflecting the introduction 

of MRI criteria in the diagnosis of MS. However, even with newer diagnostic criteria with 

strong emphasis on MRI findings several studies indicate that MS diagnostic criteria are 

often misunderstood and misapplied. Especially misinterpretation of unspecific and brief 



  

symptoms associated with non-CNS localizing signs and unspecific MRI abnormalities could 

point to a relevant proportion of patients with FND misdiagnosed as MS16.  

A multicenter US-based study published in 2016, analysed 110 cases misdiagnosed as MS  and 

found 11% (12/110) conversion/psychogenic cases (former name for FND)17. One systematic 

review of FND cohorts covering a period between 1949-200118 showed a stable overall rate 

of misdiagnosis around 4% and among those the proportion of the initial wrong diagnosis 

being MS was estimated around 9%. Two more recent cohort studies of FND in Scotland 

(periods over 2000-2004)19, 20  showed lower rates of overall misdiagnosis (between 0,4-1%), 

possibly reflecting the introduction of refined clinical criteria for FND. Between 25 and 100% 

of those misdiagnoses concerned a wrong initial MS diagnosis. Recent other cohorts in Spain21 

and Argentina22 also reported consequent rates of misdiagnoses.  

Even if evidence is still scarce, it suggests that with the introduction of refined diagnostic 

criteria and better implementation, a better delineation between those two entities can be 

achieved.  

Addition of MRI to MS diagnostic criteria has increased sensitivity 23 and may have helped to 

reduce the rate of FND misdiagnosis 16, 24-27. Since 2013, for the diagnosis of FND positive signs 

at the neurological examination are required to demonstrate inconsistency with an underlying 

neurological or medical diagnosis (Criteria B of the DSM-5 criteria)28. Examples include sensory 

disturbance that shows a clear non-anatomical distribution (a sensory loss on a body part 

which takes the form of a circle or which concerns half of a limb without the typical root or 

nerve distribution)29. Similarly, a gait pattern with knee buckling or dragging leg30 will be 

diagnosed as due to FND as well as a weakness with drift without pronation, give-way 

weakness and Hoover sign31, 32. Also laboratory-supported additional criteria such as 

electroencephalogram (EEG)33 or tremor analysis34 have recently been validated.  

These criteria have helped to move away from a purely exclusion or “rule-out” process for 

FND towards the integration of a positive or “rule-in” process to make the diagnosis.  

 
1.2. Overlap between MS and FND diagnoses: lumping or splitting? 

No matter how hard clinicians strive to apply these evidence-based diagnostic criteria, the 

complexity of individual clinical cases is sometimes challenging when symptoms cannot be 

fully classified as either due to MS or FND35. This is further complicated by the fact that 



  

specificity of positive signs in the context of a pre- or coexisting neurological disorder such as 

MS still needs to be validated.  

It is well known that FND can co-exist with other neurological conditions with similar 

symptoms: patients with non-epileptic seizures (also called dissociative seizure or psychogenic 

non-epileptic seizure -PNES) often also have a co-existing epilepsy36. Functional parkinsonism 

- characterized by atypical variable and distractable tremor, slowness of movement without 

decrement typical of bradykinesia and increased tonus with Gegenhalten rather than 

cogwheel rigidity -  has been found to be associated with Parkinson’s disease and even 

precede its occurrence37, 38. Similarly, cases of co-existing MS and FND have been reported39-

41. An older (1988) case series on 366 MS patients reported 1% of hysteric neuroses42  and a 

more recent (2011) study found that 13% (32/252) of patients with MS had a symptom 

“somewhat or not at all explained by MS”, suggesting co-existing FND43.   

This also highlights the fact that diagnostic classification has to be reevaluated each time new 

symptoms occur: the clinician must decide if the new symptoms are due to a new relapse of 

MS or an FND episode and vice versa. This is becoming even more important with the 

emergence of new therapies that bear relatively rare, but potentially severe adverse drug 

reactions, extending to procedures such as autologous hematopoietic stem cell 

transplantation for treatment refractory MS44. Before deciding MS is refractory a careful 

evaluation needs to take into account FND as a potential cause for symptoms not responding 

to MS therapy.  The term “pseudo-relapse” has been used for45 acute symptoms attributable 

to FND in MS patients, with clear positive signs suggesting that FND explained the new 

symptoms better than MS. Larger studies are scarce in the literature to estimate the rate of 

these episodes as usually no clear definition/terminology is used, such as non-organic causes46 

of relapse in adults or symptoms aggravated by anxiety and depression in children47.   This 

highlights the need for new studies to better define the spectrum of what used to be described 

as “non-organic” or “pseudo-relapse” to estimate the rate of potential FND episodes which 

could benefit from specific treatment plans rather than intensified immunotherapy. 

Prospective studies with more objective data may also help to differentiate underlying 

pathophysiological mechanisms and potential interplay. This in turn would substantiate the 

role of positive clinical signs, the current gold standard in the diagnosis of FND. Finally, more 

objective data may help to discard the terms “non-organic”or “pseudo-relapse” that imply 

they do not represent real or serious conditions.  



  

 
2. Hypotheses on the pathophysiology underlying the overlap between MS and FND  
 
Even if exact numbers are lacking, the association of co-morbid MS and FND is probably not 

rare and several hypotheses can be put forward regarding the reasons of that association. 

A first hypothesis is that the association occurs through common demographic factors48 49 50 

as more females are found in both MS and FND, and both diseases tend to affect individuals 

at younger age. Alongside age and gender both disorders may share common risk factors, such 

as gene-environment interactions. Recently possible genetic/epigenetic changes in the stress 

pathways51, 52 were identified in FND which may be relevant for MS53.  

A second hypothesis is that the association occurs through non-specific effects of having a 

bodily threat (e.g.  MS relapse) as risk factor/trigger for FND. Indeed,  several physical triggers 

have been shown to induce FND, such as minor accidents or medical procedures54. Recent 

models to understand FND have put forward an impaired sense of agency; the sense that the 

subject is the agent of its own actions35, 55, 56. This sense of agency needs a balance between 

prior expectation (feedforward signal) of how e.g. a movement will be done and how it was 

actually executed (feedback signal). Dysfunction in the network of agency has been shown in 

FND57 and illustrates how physical symptoms can be influenced by prior expectation, when it 

comes to motor control. The same can occur in sensory processing as the brain acts as a 

supercomputer to predict sensation58. Several evidence suggest that FND patients put more 

emphasis on the feedforward signal and discard the feedback signal59.  It could thus be 

hypothesized that in MS, abnormal sensorimotor signals alter these loops of complex 

integration and favor the occurrence of FND. Attention60 plays an important role in 

modulating this balance between feedforward and feedback signals and in MS patients, one 

can further hypothesize that increased attention towards body symptoms can arise. Indeed, 

patients are instructed to monitor new symptoms, as this could represent a new relapse that 

they need to report to their physician to monitor treatment.  

A third hypothesis is that the association occurs through common pathophysiological  

mechanisms, as similar brain structures seem to play a role in both MS and FND 

pathophysiology: in particular the anterior insula and cingulate cortex. Demyelinated lesions 

in MS were found to be larger in cortical sulci and deep invaginations of the brain such as the 

cingulate gyrus and insular cortex61. In FND, these areas have been shown to be abnormally 

activated compared to healthy controls in motor fMRI task experiments62 and recently 



  

structural abnormalities (decreased volume) were found in FND, both in non epileptic 

seizures63, 64 and mixed FND cohorts65. Hypothetically, underlying neuroinflammation in MS 

could also modulate  pathophysiological mechanisms in FND as appears to be the case for 

other, ill defined MS symptoms such as fatigue66, 67. Given the broad immunomodulatory 

treatment armamentarium available for MS this would have therapeutic implications also for 

“overlay” FND.  

Fatigue occurs in most of the people with FND  68. Likewise, approximately 2/3 of patients with 

MS experience fatigue, sometimes as most disabling symptom. Thus,  

better understanding of pathophysiological processes e.g. leading to impairment of functional 

connectivity networks66, 69 in MS may also help to unravel mechanisms active in FND. In 

addition, different cytokines are associated with symptoms of MS-fatigue70, and also 

metabolic and neuroendocrine dysregulation have been implied 71. Furthermore, changes in 

tryptophan metabolism and the gut-brain axis have been linked to fatigue in MS72. Further 

pathophysiological mechanisms that presumably play a role in fatigue comprise metabolic 

factors including oxygen/nutrient supply, and CNS specific aspects such as regional 

disturbance of neurotransmitter homeostasis73. Fatigue is also known to be related to changes 

of cortical excitability and plasticity74-76. In MS, enhanced cortical GABA-ergic activity has been 

suggested to be relevant for fatigue, but glutamatergic alterations, also relevant in MS, have 

not been described for MS fatigue so far77, 78.  

 

3. Conclusion for clinical care and call for research  

We propose certain areas where clinical processes can be improved and suggest new routes 

for future research: 

A) Enhance clinical teaching to avoid misdiagnosis: Important progress has been made in 

avoiding misdiagnosis MS for FND and vice versa with new diagnostic criteria. To foster 

precise diagnosis of FND with positive clinical signs35 teaching activities need to be 

reinforced. Providing a historical perspective on how neuropsychiatry used to be 

indistinct before it evolved over the last century into two specialties - psychiatry and 

neurology-  is useful for students. Showing them how advances in neurosciences over 

the last decades reconciles a non dualistic view that both fields study the same organ 

and mechanisms will be of value. Also, teaching recent nosological classification to 

medical students) and post-graduate level (to make sure all residents in neurology are 



  

familiar to how to test and interpret positive functional signs at the neurological 

examination, such as correctly performing the Hoover maneuver).  In addition, 

clinicians should put less emphasis on psycho-social factors to establish a diagnosis 

FND and should know of recent evidence-based treatments80, 81 to correctly triage 

their patients.  

B) Foster collaboration between subspecialties: In uncertain cases of co-morbid MS and 

FND a joint evaluation by experts in MS and FND which can be offered in tertiary 

centers may be useful. Correctly identifying that new symptoms are actually not 

corresponding to MS-worsening will avoid unnecessary intensification of 

immunotherapy. Moreover, a knowledge gap exists on how frequent overlap between 

MS and FND is and how to disentangle relative contributions. Prospective studies are 

needed to allow identification of these patients, also to avoid including them in trials 

where the response to treatment may be biased.  

C) Implement cohort studies: Clinical research will help better define the demographics 

and potential common risk factors (e.g. age, gender, geographical distribution, 

epigenetic factors) and determine the utility of additional testing (evoked potentials, 

imaging, other biomarkers).  

D) Design research protocols: Progress in cognitive neurosciences research has shed light 

on abnormal network dysfunction in FND and particular in predictive coding and 

aberrant sense of agency and sensory integration. Comparing these mechanisms 

between FND and MS patients can bring valuable information on the complexity of 

these brain functions. 

 

 In summary, progress in neuroscience has not only led to development of a whole new range 

of highly effective treatments for MS but also to advance FND from a long dark period of 

stigmatisation to specific treatments82. These efforts must be continued in close cooperation 

between the sub-specialties. Future prospective clinical research programs are needed to 

refine diagnostic and treatment options in this field. 
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