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Case Report

Abstract

Behavioral abnormalities have been reported in patients with amyotrophic lateral sclerosis (ALS) 
but their aetiology is not yet clearly defined. We report the case of a 48 years old woman with long 
standing bulbar onset ALS referred to our department for brain perfusion scan for the evaluation 
of behavioral and emotional disorders. The patient’s scores on the neuropsychological tests were 
satisfactory while magnetic resonance imaging showed no structural brain abnormalities. However, 
cerebral blood flow imaging with single photon emission tomography with technetium-99m-hexa-
methyl propylamine oxime demonstrated bilateral frontal cortex hypoperfusion, as well as perfu-
sion defects in the left parietal, temporal and occipital lobes. In conclusion, the reduced regional 
cerebral blood flow in the frontal lobes might be suggestive of underlying cortical disturbance and 
potentially explain the patient’s symptoms.

Introduction

Amyotrophic lateral sclerosis (ALS) is a fatal, neurodegenerative disease character-
ized by muscular paralysis due to progressive degeneration of motor neurons in 
the motor cortex, brain stem and spinal cord. Although ALS is considered a pure 

motor neuron disease, cognitive, behavioral and/or emotional disorders may also occur. 
With technetium-99m-hexamethyl propylamine oxime (99m Tc-HMPAO) single photon 
emission tomography (SPET) qualitative and semi-quantitative information (regional cere-
bral blood flow-rCBF) is provided [1, 2]. This information may be helpful in the evaluation 
of the patient’s cognitive/emotional/behavioral status. We present the case of a 48 year old 
female suffering from ALS with emotional impairment.

Case presentation

A 48 years old woman with ALS was admitted to the neurology department of our hospital 
for evaluation of newly onset of behavioral and emotional changes. The first symptoms 
of ALS appeared 5 years ago with dysarthria and dysphagia being the main features sug-
gestive of bulbar involvement and the patient was classified in the type of bulbar onset of 
ALS or progressive bulbar palsy. Subsequently over the years, classical ‘Charcot’s disease’ 
became evident with progressive impairment of walking and peripheral muscle atrophies. 
Noticeably, during the last months the patient developed outbursts of frustration and in-
appropriate laughter.

Physical examination revealed severe dysarthria and dysphonia as well as mastication 
and deglutition impairment. Interestingly, due to her severe impairment of speech, the 
patient communicated with the environment via handwriting. The patient had peripheral 
muscle atrophies, with hyperreflexia of the arms and legs. Hoffmann’s sign was positive bi-
laterally. Jaw jerk and palpebral reflexes were released. Sparse fasciculations were noticed 
in some peripheral muscles, a sign confirmed by electromyography. Electromyogram also 
demonstrated prolonged F-waves and spontaneous activity mainly in peripheral muscles 
of more than three regions. Hematological and biochemical blood tests were normal. No 
medication was used as part of the patient’s treatment.

Due to her behavioral symptoms, the patient underwent non-verbal neuropsycho-
logical testing because of her speech impairment; her scores on the Test of Non-Verbal 
Intelligence (TONI-2) and Wisconsin Card Sorting Test (WCST) were satisfactory related to 
her educational level.
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We performed brain magnetic resonance imaging (MRI). 
Transaxial T1- and T2-weighted images and FLAIR images 
were acquired before and after intravenous (i.v.) administra-
tion of contrast medium. The scan displayed no pathological 
sign or enrichment concerning the structures of the cerebral 
parenchyma (Fig. 1A). 

In an effort to explain patient’s emotional disorders, 
the patient was referred to the department of Nuclear 
Medicine for brain perfusion scan. Strict patient prepara-
tion is of utmost importance. Prior to the examination, the 
patient was ordered to avoid stimulants (caffeine, cola, etc), 
as well as alcohol and smoking. An i.v. cannula was placed 
and the subject remained for 30min in a comfortable su-
pine position in a quiet, dimly-lit room with minimaliza-
tion of external stimulations; injection of 99mTc-HMPAO 
followed. She was instructed to keep her eyes open and 
not to speak, read or move from 15min before until 15min 
after the injection of the radiopharmaceutical. The brain 
scan was performed 30min after i.v. bolus administra-
tion of 740MBq of 99mTc-HMPAO. We used pertechnetate 
from a twice eluted generator and the radiopharmaceu-
tical was injected 15min after radioligand reconstruction. 
A SPET scanner incorporating a dual head rotating gam-
ma-camera equipped with a low energy high resolution 
parallel-hole collimator was used (Axis VT, Philips, USA). 
Images were acquired at 180 angles, with an interval of 

3o in a step and shoot mode without scatter correction. 
A 128x128 matrix was applied for the acquisition detect-
ing more than 5x106 events. Scanning was completed in 
20min (20s per step in 60 steps). Unprocessed projection 
data had been reviewed in cinematic display prior to fil-
tering. No artifacts were assessed. Image reconstruction 
was performed by ordered-subset expectation maximiza-
tion (OSEM) reconstruction method concerning the entire 
brain volume. Postreconstruction filtering data was fil-
tered only in y axis and low-pass (Butterworth) filter was 
used (cut-off 0,20~order 7,00). After completion of image 
processing, qualitative and semi-quantitative (rCBF) evalu-
ation was performed. Quantification of the relative rCBF 
was carried out by normalizing the regional mean count 
densities to the cerebellum, which served as region of ref-
erence; we compared regional blood flow abnormalities of 
12 regions of interest (ROI) including bilaterally the cortical 
lobes, thalamus and basal ganglia with the rCBF of the cer-
ebellum. The scan demonstrated bilateral frontal cortex 
hypoperfusion, especially in the left lobe, as well as hypo-
perfusion in the left parietal, temporal and occipital lobes 
(Fig. 1B, 2). These findings, mainly bifrontal rCBF reduction, 
were consistent with behavioral/emotional impairment 
and may explain the patient’s recently developing symp-
toms. On the other hand, brain MRI showed no morpho-
logical brain abnormalities and it was read as normal.

 

Figure 1A. Brain MRI scan of 
our patient: (a) Transaxial T1 
with i.v. contrast, (b) transaxial 
T2 and (c) sagittal T1 weighted 
images. Absence of pathologi-
cal MRI sign or pathological en-
richment.

Figure 2. Selected transaxial, 
sagittal and coronal 99mTc-
HMPAO SPET images of the pa-
tient, showing hypoperfusion 
in both frontal lobes as well as 
flow deficits in the left parietal 
and temporal cortex (arrows). 

Figure 1B. Corresponding 
99mTc-HMPAO brain SPET im-
ages, demonstrating bilateral 
frontal rCBF reduction as well 
as hypoperfusion in the left 
parietal and left occipital lobes 
(arrows).  
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  Discussion 

Amyotrophic lateral sclerosis (ALS) is a degenerative dis-
order of neurones in the brainstem, spinal cord and motor 
cortex which presents with progressive muscular weakness 
and atrophy. Its aetiology remains unknown. The annual in-
cidence rate of the disease is 1.89 per 100,000 people with 
average prevalence 5.2 per 100,000 in western countries [3].
The mean age of onset of ALS is about 60 years with approxi-
mate life expectancy of 2-5 years, depending on the form of 
the disorder [3-6]. 

Amyotrophic lateral sclerosis is subdivided in two main 
types; spinal onset ALS (‘Charcot’s ALS’) and bulbar onset 
ALS (progressive bulbar palsy). Almost two thirds of the 
patients with ALS suffer from the spinal form of the disor-
der characterized by amyotrophy and hyperreflexia of the 
limbs. Patients with bulbar onset ALS present with dysar-
thria and dysphagia, symptoms reflecting the affection of 
the lower brainstem. Interestingly, spinal symptoms practi-
cally always become evident in the course of bulbar onset 
ALS. Bulbar onset ALS has worse prognosis than the spinal 
form. However, regardless of the type of the disease, its 
course is progressively fatal and the patient dies of respira-
tory failure since there is no effective treatment other than 
supportive management. Until now, riluzole (2-amino-6-
(trifluoromethoxy) benzothiazole) is the only drug proven 
to slow the progression of the disease and increase life ex-
pectancy [7-11].

Our patient after a 5 years clinical course of ALS displayed 
inappropriate laughter and outbursts of frustration. These 
emotional changes raised the suspicion of underlying corti-
cal degeneration despite the fact that her cognitive status 
appeared normal, as it was assessed by neuropsychological 
testing. Brain MRI did not reveal any structural abnormalities. 
However, due to the high clinical suspicion and the known 
limitations of routine anatomical imaging in evaluation of 
the patient’s cortical function, she was referred to our de-
partment for cerebral SPET scan with 99mTc-HMPAO.

Brain 99mTc-HMPAO SPET is a useful diagnostic tool for 
the assessment of rCBF in dementia, epilepsy, cerebrovas-
cular disease and other brain diseases [1, 12-20]. The basic 
principle of brain perfusion SPET study is that the regional 
deposition of 99mTc-HMPAO in the brain is proportional 
to the rCBF [2, 21]. Due to its lipophilic nature, this com-
pound crosses the normal blood-brain barrier, enters the 
brain cells and remains there due to its conversion to a hy-
drophilic compound. Since practically no redistribution of 
the radiopharmaceutical occurs, it is retained in brain neu-
rons for many hours, providing ‘frozen’ brain flow images 
at the time of injection. After proper patient preparation 
and following the strict procedure protocol, measurement 
of rCBF using 99mTc-HMPAO is easy to perform and is reli-
able for clinical evaluation [1, 22, 23]. This study is unable 
to offer absolute quantitative information of CBF; however 
information concerning rCBF parameters can be easily ob-
tained after comparison to the flow of a reference region 
which is usually the cerebellum [1, 2]. This information is 
complementary to information acquired by conventional 
structural neuroimaging modalities, such as computerized 
tomography (CT) and MRI. 

In the present study, perfusion brain SPET demonstrat-
ed marked reduction of the bilateral frontal flow, as well 
as rCBF defects in the left parietal, temporal and occipital 

lobes. Although it is not clear whether these perfusion 
abnormalities are the cause or the result of neuronal de-
generation, they might be associated with the patient’s 
behavioral/emotional symptoms [20-27]. Such functional 
changes precede MRI findings and underscore the useful-
ness of neuronuclear imaging modalities (such as SPET and 
positron emission tomography (PET)) in the investigation 
of cerebral disease [20].   

In conclusion, in a patient with amyotrophic lateral sclero-
sis, perfusion defects were detected by 99mTc-HMPAO SPET 
mainly in the frontal lobe and might explain her emotional 
impairment.
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