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Detailed case reports

Case 1
Initial presentation: A 57-year old man presented with problems of gait, which initially appeared to have developed over the course of several decades. As a teen he had been bad at sports and during his twenties he had noticed that his gait slowly deteriorated (mainly his left leg). Initially he had a physically very demanding job, but switched professions because of his leg. He had however remained employed as a blue-collar worker and had never sought medical attention for his complaints. The exact cause of his pre-existing complaints was therefore unclear.
In the 3 to 4 years prior to visiting our outpatient clinic he had developed progressive problems with walking. Climbing stairs and getting into his car had become problematic, which formed the main reason for him to seek medical attention. Speech and swallowing were normal. He did not report weight loss. He had no complaints about his arms. He did not report cramps or fasciculations. He did not have sensory or autonomic complaints. There were no changes in behaviour or mood. He did not have any respiratory complaints.

Medical history: Knee surgery over 20 years prior to presentation at our clinic.
Medication: None.
Intoxications: He rarely drank alcohol and used to smoke, but had quit a few months ago.
Family history: Negative for HSP, motor neuron disease, dementia, Parkinson’s disease and psychiatric disorders.

Neurological examination: He was oriented, friendly and cooperative. Language and speech were normal.
Cranial nerve examination was unremarkable, in particular there was no vertical gaze palsy. Pseudobulbar reflexes were absent. 
Arms: We did not observe atrophy or fasciculations. Sensory and motor examination was normal. The biceps jerk was slightly more brisk on the left, but not considered to be pathological. Coordination was normal.
Legs: We did not observe atrophy or fasciculations. Hypertonia of the legs (left > right). Sensory examination was normal. There was mild generalized weakness of the legs (MRC 4). The knee jerks were pathologically elevated on both sides, but far more pronounced on the left side. There was sustained ankle clonus  on both sides as well as a Babinski sign on the left.
Gait: He walked with circumduction of the left leg.

Ancillary investigations: MRI neuraxis, concentric needle EMG and nerve conduction studies, laboratory examinations including metabolic disorders, CSF, vital capacity and DNA analysis for the most common HSP genes were all normal. 

Conclusion: We initially interpreted these findings as an early onset (late teens to early twenties), slowly progressive (over decades) disease with UMN signs limited to the lower extremities. We therefore considered sporadic hereditary spastic paraplegia (HSP) to be the most likely diagnosis.

Follow-up: Five years later, at a follow-up visit to our clinic his wife reported severe changes in his behaviour that had develop within a matter of months. He had also developed dysarthria over the course of the last year. She also expressed concerns about his cognition as he appeared to completely lack disease insight. Initially, he just seemed to be easily distracted, but over the course of months he appeared to have lost interest in all his hobbies, started binge eating and undressing in public, he started speaking in short sentences (often a single word and frequently obscene), did not appear to understand the instructions from his physical therapists and had lost motivation to participate in therapy. According to the patient there were no problems whatsoever and he did not see the point of the visit to the clinic.
In comparison to the initial exam, he was now wheelchair bound and very uncooperative. He had pseudobulbar dysarthria with pathologic pseudobulbar reflexes, saccadic eye movements, an applause sign, there was hyperreflexia of the arms and subtle bilateral resting tremor. 
During follow-up he had lost the ability to walk and there had been progression of UMN signs from the lower extremities to the arms and bulbar region. We considered these rapid changes in behaviour and cognition as well as the development of dysarthria to be highly atypical for HSP and therefore felt we had perhaps over-interpreted his earlier complaints of his left leg as a young onset disease. Unfortunately it was not possible to re-question the patient about this. His wife however expressed doubt whether his complaints earlier in life were related to his present problems. She noted that he used to frequently complain about lower back pain that would radiate into his left leg. After switching jobs she had not really heard him complain about his leg any more nor had she noticed a progressive deterioration of his gait in that period. Indeed, the disease course we had observed seemed more compatible with PLS (asymmetrical, late onset, isolated UMN signs with progression to other regions (including bulbar) within years). 
We interpreted the behavioural changes as disinhibition (socially inappropriate behaviour and loss of decorum/manners), apathy and hyperorality/dietary changes. He also had a striking lack of insight or unawareness of his illness. Considering the very prominent behavioural changes we considered bvFTD to be most likely diagnosis. 
A shortened neuropsychological assessment was performed. The results showed impaired concentration and attention (Expanded Mental Control Test), with poor performance on executive tasks (Trail Making Test (1), Zoo Map, Key Search; subtests of the Behavioural Assessment of the Dysexecutive Syndrome (2), Meander; a subtest of the Amsterdam Dementia Screening-6 (3)) and language (letter fluency (unspecified test). Memory was slightly below average (California Verbal Learning Test (4), Digit Span; subtest of the Wechsler Adult Intelligence Scale (5), Visual Association Test (6)). Orientation in time was disturbed (Cognitive Screening Test (7)). Visuospatial scores were below average (Visual Object and Space Perception Battery, Rey Complex Figure Test (8,9)). The BDI scores suggested mild depressive symptoms (Beck Depression Inventory (10)), but did not fulfil the criteria for a major depressive disorder. 
In short, the neuropsychological examination demonstrated language deficits and executive dysfunction with relative sparing of memory and mildly impaired performance on visual spatial tasks.
Repeated needle EMG did not show evidence for LMN involvement. Vital capacity was normal. He would not undergo a new MRI scan. CSF, laboratory investigations and serology were unremarkable. Genetic testing for C9orf72 was normal. 
In summary, in this case we had observed progressive isolated UMN signs that had progressed from the legs to the bulbar region over the course of 5 years, which we attribute to PLS. This was followed by a rapid deterioration of behaviour and to lesser extent of executive and language, which fulfill diagnostic criteria for possible bvFTD (11). A year later he passed away, but unfortunately no autopsy was performed.

Case 2
Initial presentation: A 65-year old woman presented to our clinic with a slowly, progressive dysarthria which had developed over the course of three years. Her speech had become slower. She used to sing in choir, but was no longer able to keep up with the lyrics. Others had noted her voice sounded lower. It was taking more time to complete a meal, but she had not made changes to her diet or lost weight. She complained of uncontrollable crying, but not laughter.
Over the last year she also complained of a heavy feeling in her upper arms, in particular at the end of the day. Her fine motor skills (particular on the right) had also become slightly less. She did not have any sensory disturbances, autonomic signs or pain. She did not have cramps or muscle twitching. There was no shortness of breath or signs of nocturnal hypoventilation. She did not have ptosis nor did her complaints fluctuate over the course of the day. Ambulation was normal and she did not have frequent falls. Cognition was normal and her spouse had not noticed any changes in behaviour.

Medical history: Hypertension.
Medication: Enalapril, hydrochlorothiazide.
Intoxications: She did not smoke, use alcohol or take illicit drugs.

Family history: On the paternal side there were several relatives with tremor and one aunt had been diagnosed with Parkinson’s disease. On the maternal side, two second degree relatives had died of ALS. Her own mother was alive and well (over 90 yrs. of age). Her father had died of a malignancy in his late sixties.

Neurological examination: On neurological examination pseudobulbar dysarthria with pathologic pseudobulbar reflexes and spasticity of the tongue was seen. Cranial nerve examination was unremarkable, in particular there was no vertical gaze palsy. There was hypertonia of the arms and a very bilateral mild resting tremor. The rest of the exam was unremarkable. 

Ancillary investigations: MRI brain and C-spine, concentric needle EMG, laboratory examinations including metabolic disorders, CSF, vital capacity were all normal. 

Conclusion: Considering her family history we requested DNA testing for the most common ALS genes and 2 HSP genes that may have bulbar involvement (SOD1, FUS, FIG4, SETX, TARDBP, VAPB, ANG, SPG11 and SPG15), which did not demonstrate mutations. After reviewing the results from all ancillary investigations, we considered an UMN-predominant presentation of ALS or PLS the most likely diagnosis. We followed the patient at our clinic for approximately 2 years in which she did not develop any LMN signs (5 years after onset). We therefore considered this to be a case of PLS with a positive family history for ALS, which has been reported before in the literature (12). Further follow-up was provided by a MND care team close to the patients home.

Follow-up: After a disease course of approximately 6 years and approximately one year after we had last seen her, she was referred back to our outpatient clinic because of increasing problems with communication. Although she had slowly become anarthric, she had been communicating by writing just fine. She wrote lengthy emails and greatly enjoyed playing online scrabble games. At first, she had become worse at the scrabble games, but continued to able to complete non-language based puzzle games with some degree of obsession. She also had trouble finding words. Her emails started to contain circumlocutions (“the thing that is used for this or that”), but with intact grammar. Within a relatively short-time frame (months) however her language problems had become very severe and besides her husband, people were incapable of understanding what she getting at. 
When she presented to the clinic she was not capable of spelling 3 letter words or her own name. The motor function of arms and hands had not deteriorated since we had last seen her. Her inability to spell words on an iPad was definitely not due to motor impairment. She was only capable of correctly answering very simple yes or no questions correctly (Are you a women? Is this your house?) by using hand gestures. She would also gesture in response to more complex questions, but her responses suggested she did not understand what was being asked. Her husband also indicated he had the impression she often did not understand what he was asking her. Given the severity of her language deficits, we were unable to perform a detailed neuropsychological examination. We did attempt to perform an ECAS, but this was not feasible. The patient did not seem to understand the instructions for any of the items.
There were significant behavioural changes as well, although these evidently appeared after the onset of her language deficits. She had started to wander through the house aimlessly and sometimes would repetitively switch the lights on and off for long periods of time. She had a tendency to grab all items in her direct vicinity. She also appeared to have lost interest in many things and showed little initiative. She would for instance not bathe unless her husband directed her to do so.
In comparison to the first neurological examination, she was now anarthric. A PEG tube had also been placed because of weight loss. She had spasticity of the legs with pathologically elevated reflexes, but no lower motor neuron signs. She repeatedly attempted to touch the physician his face and hold his hand during the examination. We repeated the needle EMG (suspicious of conversion to ALS, in particular because of the family history), but this was again completely normal (now 6 years after onset). We were unable of obtaining a reliable vital capacity, because the patient did not appear to understand what was being asked of her. A subsequent blood gas however was normal. Repeated laboratory studies and serology were again unremarkable. Repeated MRI scans revealed atrophy of the frontal lobes and in particular the anterior part of the temporal lobes as well as some white matter changes (Fazekas 1). In our initial diagnostic work-up we genetic testing had been performed for the most common ALS genes, which predated the discovery of C9orf72. We therefore also screened this gene for repeat expansions, but the results came back as wild-type. 
In summary, we had initially seen a patient with a slowly progressive pseudobulbar dysarthria and with limited UMN signs in the cervical region. There was no evidence of LMN involvement and therefore consider this to be progressive, generalized UMN syndrome with a disease duration of over 5 years for which there was no other explanation than PLS. During follow-up the UMN signs had also slowly spread to the lumbar region, as can be seen in PLS. She was referred back to us because of cognitive changes, which we diagnosed as semantic dementia on clinical grounds. Progressive aphasia was by far the most profound change and this also severely impacted her daily life (far more than the behavioural changes). From the history we obtained from her husband it seemed quite evident that there was impaired single word comprehension and impaired confrontation naming, whereas grammar had stayed intact in the initial phase. There were however also significant behavioural changes (wandering, switching lights on and off repetitively, grabbing objects in her vicinity, reduced initiative and self-care) and imaging also showed frontal atrophy. Nonetheless, given the severity of the language changes and language being affected prior to behaviour, we  considered a diagnosis of semantic dementia to be most fitting (13).

Case 3 
Initial presentation: A 74-year old woman presented with problems of gait, which had started roughly 4 years prior to visiting our clinic. Initially her left leg had become stiff, but shortly thereafter so had her right leg. In her opinion her legs had become “wooden sticks”. Two years after onset she was no longer capable of walking and was wheelchair bound. Approximately one year after onset she had noticed clumsiness of her right arm and hand. Two years later her speech was becoming slow and she had developed pseudobulbar affect. Ever since she had undergone bladder surgery (many years ago) she had been incontinent for urine. There were no autonomic signs. She did not have cramps or fasciculations. She did not have sensory complaints or pain. There were no signs of (nocturnal) hypoventilation. There was no weight loss. Initially there were no cognitive or behavioural changes. 

Medical history: bladder surgery. 
Medication: none.
Intoxications: She did not smoke, use alcohol or take illicit drugs.
Family history: Negative for HSP, MND, Parkinson’s disease, dementia and psychiatric diseases.

Neurological examination: Pseudobulbar dysarthria, spasticity of tongue, pathologic pseudobulbar reflexes. Cranial nerve examination was unremarkable, in particular there was no vertical gaze palsy. There was hypertonia of both arms, bilateral Hoffman-Trömner reflexes, severe spasticity of the legs with bilateral Babinski sign. No sensory disturbances were observed.

Ancillary investigations: MRI neuraxis, concentric needle EMG, laboratory examinations including metabolic disorders, serology and vital capacity were all normal. 

Conclusion: We consider this to be a slowly progressive UMN syndrome with an asymmetrical onset in the lower limbs that progressed to also involve the bulbar region with a disease duration of over 4 years for which there was no other explanation than PLS.

Follow-up: A little after 4 years from onset, the first cognitive problems arose. Her children reported that she had developed problems with cognition, which they attributed to a loss of memory. Considering Dutch was not her first language, an adapted neuropsychological protocol was performed by a neuropsychologist of similar descent. This examination[footnoteRef:1] confirmed cognitive impairment in the language, executive and to a far lesser degree in memory. Behavioural changes were also present and consisted of apathy and loss of interest in those surrounding her. Imaging findings were striking, as temporal atrophy increased dramatically between two MRI-scans (see Figure 2 in the main article). Repeated needle EMG did not show lower motor neuron involvement. Additional laboratory studies including a blood gas and serology were unremarkable.  [1: . Only a summary of the NPE is available. The names and results of the administered tests are unknown.
] 

After years of slowly progressive UMN signs, this patient developed behavioural and cognitive changes that fulfil the Rascovsky criteria for bvFTD (apathy, loss of interest/sympathy and a neuropsychological profile with executive/generation deficits with relative sparing of memory and visuospatial functions) (11). The imaging findings support this diagnosis. Unfortunately, they declined to provide a DNA sample and therefore the C9orf72 status is unknown. Over the next two years she became anarthric and developed mild swallowing difficulties, but without significant dyspnoea or any other LMN signs. 

Case 4
Initial presentation: A 70-year old woman presented with problems of gait which had developed over the course of 1.5 years. Initially she noted that her left leg had started to drag. About 6 months later the same thing happened to her right leg. She had a decreased feeling of control over her legs and felt her legs were very stiff. She had lost her balance just once, but this did result in a fractured wrist. From onset her complaints remained more severe on the left side. Her spouse noted that her speech had become slower than before, but the patient considered her speech to be normal. She did not have any sensory disturbances, autonomic signs or pain. She did not have cramps or muscle twitching. There was no shortness of breath or signs of nocturnal hypoventilation. Cognition was normal and her spouse had not noticed any changes in behaviour.

Medical history: Back surgery for a lumbar stenosis, hypertension and hypercholesterolemia.
Medication: Statins and an anti-hypertensive drug.
Intoxications: She did not smoke, use alcohol or take illicit drugs.
Family history: Negative for HSP, MND, Parkinson’s disease, dementia and psychiatric diseases.

Neurological examination: Her speech was slightly slow, but there was no evident dysarthria. Cranial nerve examination was unremarkable, in particular there was no vertical gaze palsy. The jaw jerk was very brisk. There was no hypertonia or spasticity of the arms, but the reflexes were very brisk (but symmetrical) which was not considered to abnormal at the time. There was hypertonia of the legs (left > right), hyperreflexia of the deep tendon reflexes of the legs (left > right) with a Babinski sign on the left. She walked with bilateral circumduction. There were no sensory abnormalities or signs of LMN involvement. 

Ancillary investigations: (MRI neuraxis, concentric needle EMG, laboratory examinations including metabolic disorder, CSF and vital capacity) were all normal. Genetic testing for HSP 2, 4, 7 and 17 was negative.

Conclusion: We considered this to be a patient with a late-onset, asymmetrical UMN syndrome confined to the legs. The differential diagnosis consisted of sporadic HSP, PLS or an UMN-predominant form of ALS. Patient was seen regularly at our out-patient clinic and during the disease course she developed hypertonia of the arms and pseudobulbar dysarthria with pseudobulbar affect. We considered the rate of progression as well as spread to the bulbar region to rule out sporadic HSP. On neurological examination and repeated needle-EMG we did not find evidence for LMN involvement 4 years after onset and therefore considered PLS to be the most likely diagnosis.

Follow-up: Severe spasticity (mainly of the legs) had become an increasing problem and caused the patient significant discomfort. Additionally her dietary intake was also becoming a problem due to the progressive bulbar involvement. She was hospitalized to optimize the baclofen treatment and her intake. During her hospitalization she developed a delirium that was treated with haloperidol and benzodiazepines. She recovered completely from the delirium and was discharged from the hospital without any cognitive impairment or signs of abnormal behaviour. In the following year, approximately five years after disease onset, progressive problems with communication developed. At that point she was tetraplegic and also had a pseudobulbar dysarthria as well as pseudobulbar affect. The patient primarily spoke when spoken to. She appeared to have lost interest in actively communicating with those around her, although she would sometimes make socially inappropriate comments. Lastly, she had started to demonstrate perseverative behaviour. 
Considering she sporadically appeared to hallucinate (if interpreted correctly, she would sometimes speak about certain animals) we considered the possibility that she suffered from chronic delirium. Repeated lab investigations did not reveal any abnormalities, there was no evidence for infections or were there any recent changes to her medication. Her cognitive and behavioural symptoms also did not fluctuate. Despite the fact that a delirium was considered to be unlikely, she was treated with haloperidol for a number of weeks which did not influence the symptoms at all. She did not wish further analysis of any condition considered untreatable, therefore no neuropsychological evaluation was done.
In the end, the behavioural changes were interpreted as apathy, loss of sympathy and loss of manners, hereby fulfilling 3 of the Rascovsky criteria for bvFTD. Repeated imaging showed left temporal atrophy, which was not seen on the initial scans made 4 years prior and would support a diagnosis bvFTD. Genetic testing for repeat expansions in the C9orf72 came back as wild-type.

Case 5
Initial presentation: A 65-year old woman presented with dysarthria that been slowly progressive over the course of eight years. At first she noticed her speech was slower than before, but it deteriorated and approximately seven months prior to visiting our clinic she had completely lost the ability to speak. She communicated through the use of light writer and was able to provide adequate answers to all questions in correct and complete sentences. Over the last two years she had developed problems with swallowing and had started to mash her foods. She had lost a significant amount of weight (12 kg compared to her premorbid weight) and multiple physicians had discussed the possibility of the placement of a PEG tube, but which she had declined. She did not have pseudobulbar affect. There were no complaints about the arms and legs, nor were there signs of (nocturnal) hypoventilation. She did not have any sensory complaints or pain. Her bulbar symptoms did not fluctuate over the course of a day. She did not have muscle cramps of fasciculations.
Her children noted that her personality had changed over the last two years. She was less warm, more egocentric and could get very angry about trivial things. She had also gotten divorced quite suddenly, which others considered to be a rather rash decision. 

Medical history: Ankylosing spondylitis and otitis media.
Medication: Statins and NSAIDs.
Intoxications: She did not smoke, use alcohol or take illicit drugs.
Family history: Negative for HSP, MND, Parkinson’s disease, dementia and psychiatric diseases.

Neurological examination:  The patient was anarthric. The tongue was spastic and there exaggerated pseudobulbar reflexes. There was no vertical gaze palsy. Extremities: Strength and muscle tone was normal. Sensory examination was normal. The tendon reflexes were brisk, but symmetrical and not considered to be abnormal. Plantar responses were flexor. Her gait was normal.

Ancillary investigations: MRI brain, concentric needle EMG (8 years after onset), laboratory studies, including metabolic disorders, CSF and serology were all normal.  Considering that personality changes had been reported, neuropsychological testing was also performed. A comprehensive neuropsychological battery was administrated. The results showed normal global cognitive function (Raven Standard Progressive Matrices (RPM; (14)), Cambridge Cognitive Examination (CAMCOG; (15)) and Mini Mental State Examination (MMSE; (16))). The score on fluency was below the 1st percentile (SAN-test; (17)), while language apprehension was normal (Token Test (18)). Both working memory (WAIS-III Digit Span(19)) and memory scores were average (Rey Complex Figure Test (9), the Location Learning Test (LLT; (20)), a word list recall test (15 word test (15-WT)) based on Rey's Auditory Verbal Learning Test (21)). Visuoconstructive functions were average (Rey Complex Figure Test (9)). Psychomotor speed was below average (Trail Making Test part A (TMT-A; (1)) and Digit-Symbol-Coding (WAIS-III; (19))).  There were signs of executive  dysfunction (Brixton (22) and Zoo Map test; a subtest of the Behavioural Assessment of the Dysexecutive Syndrome (BADS; (2))). Attention/concentration was abnormal with a score below the 1st percentile on the Trail Making Test part B (TMT-B; (1)). The BDI scores suggested mild depressive symptoms (Becks depression inventory (BDI; (10))) not fulfilling criteria for major depressive disorder. Summarized, the neuropsychological examination demonstrated executive dysfunction with no significant deficits in other domains.
Conclusion: This patient had a long duration (>8 years) of isolated upper motor neuron involvement in the bulbar region. Initially this was thought to be a case of pseudobulbar palsy (PBP). The development of personality changes was however considered unusual. The personality changes and the neuropsychological profile would be fitting with bvFTD (loss of sympathy, disinhibition and executive dysfunction), although at this point the treating physician did not make a diagnosis of dementia and decided to follow the patient over time.

Follow-up: Approximately one year after her initial visit to our clinic, she had to undergo orthopedic surgery, which unfortunately resulted in serious complications. She developed an infection and subsequent 
septic shock after as well as renal failure. She admitted to the ICU and eventually recovered slowly but completely. In the months after her discharge from the ICU her family noticed that behaviour and cognitive functions appeared to deteriorate at an accelerated pace. She became increasing less sensitive to the needs of others and very egocentric. Her language deficits also became very profound. She had increasing problems expressing herself  with her light writer that she had used for many years. She started using incorrect words, her sentences became shorter and she stopped sending emails and texts all together. 
On repeated neurological examination showed that the patient had also developed UMN signs in the cervical region with pathological reflexes and hypertonia. We considered the UMN involvement to be progressive with spread to other regions and therefore to be generalized fitting with PLS. The behavioural and cognitive changes (loss of sympathy, disinhibition, executive dysfunction and language deficits) were slowly progressive and in keeping with bvFTD. She refused neuropsychological evaluation. Unfortunately the patient also declined to provide a DNA samples for genetic testing and therefore C9orf72 status could not be determined.

Case 6
Initial presentation: The patient had problems with his gait for over 10, perhaps even 15 years. Initially he had the idea that he had less control over his right leg. Over the course of a few years his leg also became involved. His gait was less steady and he had fallen a few times. He could get around with the use of a walker. He did not complain about his arms, although his fine motor skills were giving him some troubles in daily life (buttons, keys, etc.). Over the last 5 years he had also developed a slowly progressive dysarthria. Initially the changes in his speech were attributed to new dentures. At the time of presentation he also suffered from pathological crying, not laughing. He had not lost weight. He did not experience fasciculations or cramps. There were no sensory symptoms or pain. He did not have any signs of (nocturnal) hypoventilation or autonomic signs. There was no tremor. The patient appeared to lack insight into his disease and stated that his problems were relatively trivial.

Medical history: glaucoma, hypertension, type 2 diabetes and low back pain.
Medication:  timolol/bimatoprost eye drops, metoprolol and gliclazide.
Intoxications: He smoked 4-10 cigarettes per day and drank approximately 2 units of alcohol daily.
Family history: Negative for HSP, MND, Parkinson’s disease, dementia and psychiatric diseases.

Neurological examination: Decreased facial expression. Pseudobulbar dysarthria, spasticity of tongue. There was no vertical gaze palsy. Hypertonia of the right arm and bilateral hypertonia of the legs. Brisk biceps- and triceps jerks (right > left), pathological elevated knee jerks and a Babinski sign on the right. Slow and spastic gait. No atrophy, fasciculations or weakness were seen. Sensory examination was completely normal.

Ancillary investigations: A brain MRI showed bilateral frontal atrophy. Concentric needle EMG (at least 10 years from onset) was normal. Laboratory studies, including metabolic disorders, were unremarkable in our clinic. Previously low vitamin B12 levels had been demonstrated which had been attributed to the use of metformin. He had therefore been prescribed a different anti-diabetic drug and received vitamin B12 suppletion for over a year in response to which the levels had normalized (663 pmol/l) with no effect on his neurological complaints. CSF and serology were all normal. Neuropsychological testing consisted of the Dutch versions of the Edinburgh Cognitive and Behavioural Amyotrophic Lateral Sclerosis Screen including the behaviour screener (23), Frontal Assessment Battery (FAB; (24)), Hospital Anxiety and Depression Scale (HADS; (25)) and the Amyotrophic Lateral Sclerosis-Frontotemporal Dementia-Questionnaire (ALS-FTD-Q: (26)). The ECAS resulted in a very low total score of 55/136, with an especially poor score on executive functioning of 3/48. Deficits were also demonstrated in language, verbal fluency and visuospatial function, with relative sparing of memory (score: 11/20). The FAB resulted in a low score of 7/18, implying frontal lobe impairment in line with the results of the ECAS. The ECAS behavioural Screen and ALS-FTD-Q suggested moderate to severe behavioural changes (ALS-FTD-Q score: 32). The HADS resulted in an anxiety score of 10 and a depression score of 9, indicating mild symptoms of both depression and anxiety. Summarized, the neuropsychological examination demonstrated severe executive dysfunction, language and visuospatial deficits with relative sparing of memory.
Interviews with those close to the patient revealed that there had been gradual but progressive changes in his personality over the last 5-10 years. He had lost interest in his social contacts, could be verbally aggressive, would often make sexually oriented comments, would pick fights with loved ones for no apparent reason, had mental rigidity, there was decreased personal hygiene and altered dietary preferences. We interpreted these findings as diminished social interest, socially inappropriate behaviour, loss of manners or decorum and altered food preferences in combination with deficits in executive tasks with relative sparing of episodic memory and visuospatial skills. He therefore was considered to fulfil the diagnostic criteria for probable bvFTD.

[bookmark: _GoBack]Conclusion: This patient had a history of slowly progressive problems with his gait that were due to progressive UMN signs in the lower limbs. The onset was late in life and asymmetrical. Over the course of many years UMN involvement had also become apparent in the upper limbs and the bulbar region (generalized). We therefore considered sporadic HSP to be highly unlikely and considered PLS to be the most likely diagnosis.
Approximately 5 to 10 years prior to presentation he had also developed personality and cognitive changes which fulfill the diagnostic criteria for bvFTD. We therefore concluded that this was a case of PLS with bvFTD.
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