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RESEARCH ARTICLE

ECAS correlation with metabolic alterations on FDG-PET imaging
in ALS
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MUHAMMAD-AL-MUSTAFA ISMAIL1,2, STEFAN SENNFÄLT1,2, IRINA
SAVITCHEVA5, ULRIKA ESTENBERG5, MARCO PAGANI5,6, FANG FANG3,
JOANA B. PEREIRA1 & CAROLINE INGRE1,2

1Department of Clinical Neuroscience, Karolinska Institutet, Stockholm, Sweden, 2Department of Neurology, ME
Neurology, Karolinska University Hospital, Stockholm, Sweden, 3Unit of Integrative Epidemiology, Institute of
Environmental Medicine, Karolinska Institutet, Stockholm, Sweden, 4Methodology and Statistics Unit, Institute of
Psychology, Leiden University, Leiden, The Netherlands, 5Medical Radiation Physics and Nuclear Medicine
Imaging, Section for Nuclear Medicine, Karolinska University Hospital, Stockholm, Sweden, and 6Institute of
Cognitive Sciences and Technologies, Italian National Research Council, Rome, Italy

Abstract
Background: Cognitive impairment is observed in up to 50% of patients with amyotrophic lateral sclerosis (ALS). The
Edinburgh Cognitive and Behavioral ALS Screen (ECAS) is an ALS-specific multi-domain screening tool. Few studies
have examined the relationship between ECAS scores and [18F]fluorodeoxyglucose positron emission tomography
([18F]FDG-PET) findings. Objective: To assess the relationship between ECAS scores and glucose metabolism patterns
on [18F]FDG -PET images in ALS. Methods: We collected [18F]FDG-PET images from 65 patients with ALS and 39
healthy controls. ECAS scores were collected on all patients and we calculated the correlation to [18F]FDG-PET in
order to investigate the potential links between cognition and glucose metabolism. Results: We observed hypometabolism
in the frontal cortex, insula, and limbic system, together with hypermetabolism in the cerebellum in patients with ALS
compared to controls. A lower ECAS total score was associated with lower glucose metabolism in the right orbitofrontal
gyrus and higher glucose metabolism in lateral occipital, medial occipital, and cerebellar regions, among patients with
ALS. Similar results, although less widespread, were observed in the analyses of ECAS ALS-specific scores. Conclusions:
The metabolic patterns in [18F]FDG -PET show that changes in the glucose metabolism of corresponding areas are
related to cognitive dysfunction in ALS, and can be detected using the ECAS.

Keywords: Amyotrophic lateral sclerosis, ECAS, neuropsychology, imaging, FDG-PET

Introduction

Amyotrophic lateral sclerosis (ALS) is a rapidly
progressing neurodegenerative disease, involving
loss of motor neurons leading to death often
within 2–3 years from initial symptoms (1).
Although ALS has long been considered a purely
neuromuscular disease, it is now well established
that up to half of people with ALS either present
with cognitive impairment at the time of onset or
develop cognitive impairment during the disease

course. ALS and frontotemporal dementia (FTD)
overlap in up to 15% of cases and these conditions
are now described as being part of the same spec-
trum (2–5). Patients can present with cognitive
impairment (ALSci), behavioral impairment
(ALSbi), or a combination of both (ALScbi) (6).
Cognitive deficits are generally observed in lan-
guage, executive function, and social cognition (7).
Among the behavioral symptoms, apathy is
regarded as the most common, but disinhibition,
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obsessiveness, and loss of empathy have also been
described (8,9). Furthermore, neuropsychiatric
disorders in patients with ALS or their family
members have been described as a risk factor for
ALSci and ALSbi (10).

The Edinburgh Cognitive and Behavioral ALS
Screen (ECAS) is a screening questionnaire evalu-
ating both cognitive and behavioral changes in
patients with ALS (11). The ECAS was recently
validated in Swedish and is now available in 24
languages (12). While the ECAS may evaluate
cognitive impairment clinically, there is currently
no data on its correlation with neuroradiological
biomarkers of ALS. Positron Emission Tomography
(PET) with the 18F-Fluorodeoxyglucose ligand
([18F]FDG -PET) is used to detect metabolic alter-
ations indicative of synaptic dysfunction and neuro-
degeneration in vivo (13). [18F]FDG -PET imaging
has led to an improved understanding of ALS by
demonstrating specific metabolic correlates of the
disease and specifically of cognitive impairment
such as frontal hypometabolism and hypermetabo-
lism in the corticospinal tract and the cerebellum of
patients with ALS (14–16). These patterns showed
high accuracy in discriminating patients with ALS
from healthy controls, confirming a glucose metab-
olism profile observed in ALS with hypometabolism
in anterior parts of the brain, and posterior hyper-
metabolism (14,17–20). When investigating cogni-
tion and [18F]FDG -PET in ALS, patients with
cognitive impairment exhibit greater hypometabo-
lism in the frontal cortex compared to patients
without cognitive impairment as assessed with the
use of a selection of neuropsychological batteries,
including the Mini Mental State Examination and
Frontal Assessment Battery (14). However, the rela-
tionship between glucose metabolism in ALS and
cognitive impairment measured by the ECAS is
currently unclear. To address this knowledge gap,
we aimed to investigate [18F]FDG -PET within a
cohort of Swedish ALS patients, compared to
healthy controls. Furthermore, we aimed to charac-
terize the relationship between metabolic alterations
and ECAS scores in patients with ALS.

Methods

Study population

We included 65 patients diagnosed with ALS at
The ALS Clinical Research Center at the
Karolinska University Hospital in Stockholm,
Sweden, between September 2017 and October
2021. The study was approved by the Swedish
Ethical Review Authority (2014/1815-31/4, 2017/
828-32, 2018/1605-31, 2021-06397-02), com-
pleted in accordance with Helsinki Declaration
and in respect of Good Clinical Practice, with all
participants giving written informed consent. All
patients met the revised El Escorial criteria for

clinically definite, probable, or possible ALS and
had at least one available ECAS assessment and
one [18F]FDG-PET scan around the time of diag-
nosis. Patients were excluded if they presented
with symptoms of frontotemporal dementia
(FTD). Clinical disability was assessed by the ALS
functional rating scale (ALSFRS-R) (21). To
assess the difference between ALS patients and
controls, we included as a control group 39 cogni-
tively healthy adults, who were spouses or friends
of patients with movement disorders collected at
the University Medical Center of Groningen in the
Netherlands were included. Controls were not eli-
gible if they had a first-degree family member with
a neurodegenerative diseases, cognitive impair-
ment, or a Mini Mental State Examination
(MMSE) score below 28. A description of this
sample has previously been published (22,23).

Cognitive assessment

To assess cognitive function, we used the validated
Swedish ECAS version A, evaluating both cogni-
tion and behavioral changes in patients with ALS
and administered by a single study nurse through-
out the study (11,12). Three different versions are
available to avoid practice effect when administer-
ing the ECAS longitudinally (24). The ECAS total
score (maximum 136 points) includes two sec-
tions: an ALS-specific section (100 points) and a
non-ALS-specific section (36 points) (11). We
used the Swedish cutoff for the ECAS total score
which is 108 (12). The ALS-specific section
reflects domains that are most impacted in people
living with ALS: executive functions (reverse digit
span, social cognition, alternation, and inhibitory
sentence completion), verbal fluency (free fluency
and restricted fluency), and language (naming,
comprehension, and spelling). The non-ALS-spe-
cific section reflects domains that are usually
relatively well preserved in ALS and includes
both memory (immediate recall, delayed recall,
and delayed recognition) and visuospatial functions
(dot counting, cube counting, and number
location).

[18F]FDG -PET acquisition, reconstruction and
pre-processing

For the 65 ALS patients, all [18F]FDG -PET-
images were acquired on a Siemens Biograph
128mCT (Siemens Healthcare Molecular Imaging
USA, Inc.). [18F]FDG -PET acquisition was done
30–45min after intravenous injection of 2 MBq/kg
weight (min 125MBq, max 250MBq) of
[18F]FDG with a duration of approximately
10min. Prior to the PET-acquisition, a computer-
ized tomography (CT) scan was acquired to be
used for attenuation correction. For the controls
recruited in Groningen, Static [18F]FDG -PET
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scanning was performed on a Siemens Biograph
mCT-64 PET/CT camera (Siemens, Munich,
Germany) in a three-dimensional mode, 30
minutes after intravenous injection of 200 MBq of
[18F]FDG. The image acquisition time for con-
trols was of approximately 5min.

Both scanner types used, for patients and for
controls, were deemed comparable, as supported
by the phantom measurements available in
Supplementary Figure 1. Phantom measurements
with a National Electrical Manufacturers
Association (NEMA) phantom were done to com-
pare the two systems used in the two sites. The
phantom was filled with approximately 30 MBq of
[18F]FDG with a ratio of ten between the hot
spheres and the background. PET data was
acquired for 10minutes. Prior to the PET-acquisi-
tion a computed tomography (CT) was acquired
to be used for attenuation correction. Phantom
images were reconstructed using an iterative
method with 3 iterations and 21 subsets matrix
256 and smoothed with a Gaussian 8mm full-
width at half-maximum filter. Attenuation correc-
tion, scatter correction, time of flight (ToF) and
point spread function correction were applied.
Preliminary unpublished results have shown that
the deviation of contrast recovery between the two
systems is minimal, allowing a reliable comparison
between the two datasets. Nevertheless, to further
minimize the potential bias of using different sys-
tems, the images were smoothed with a 10mm fil-
ter before statistical analysis (see below).

PET images from both sites were reconstructed
using an iterative method with 3 iterations and
21 subsets matrix 256 and smoothed with a
Gaussian 8mm full width at half-maximum filter.
Attenuation correction, scatter correction, ToF,
and point spread function correction were applied.
The voxel size of the reconstructed images was
3.2� 3.2�2.0mm.

Statistical Parametric Mapping (SPM) 12
implemented in MATLAB R2018b (MathWorks,
Natick, MA, USA) was used for image pre-proc-
essing. A customized brain [18F]FDG-PET tem-
plate was utilized for spatial normalization (25).
Intensity normalization was performed using the
0.8 default SPM value of grey matter threshold,
and images were smoothed with a 10mm filter
before statistical analysis. The reason for choosing
a smoothing of 10mm is that it allows us to com-
pensate for the potential slight differences in terms
of spacial resolution between the two cameras
used. To assess the specificity of glucose metabol-
ism in ALS, the [18F]FDG -PET images of the 65
patients with ALS were compared to the 39
healthy controls using a two-sample t-test in
SPM12, while controlling for age, sex, site of
onset. ALSFRS-R score and C9orf72. We also per-
formed a sensitivity analysis, including only

patients without a C9orf72 mutation, as mutation
carriers more often have cognitive impairment
than non-carriers. Here, we re-run all analyses
only including patients not carrying the C9of72
repeat expansion (n¼ 57).

Statistical analyses

Clinical data. Clinical information was collected
on all ALS cases. The following variables were
included in the regression models (see next sec-
tion): age, sex, and site of ALS onset (spinal onset
versus bulbar onset). In addition, we included
ALSFRS-R score to adjust for functional clinical
disability, as well as the presence of a C9orf72
repeat expansion. Differences in age between
patients with ALS and controls were assessed with
t-test. The assumption of normality was assessed
with histograms and normality plots. A chi-sqare
test was used when comparing sex between the
groups. All analyses on clinical data were per-
formed using the open source software R version
4.3.1 and the package dplyr (26).

PET analyses. To assess the relationship
between glucose metabolism and cognition among
ALS patients, multiple regression analyses were
performed using [18F]FDG-PET images as the
dependent variable, and the ECAS total score,
ECAS ALS-specific score, or each ECAS subscore
(executive function, verbal fluency, language,
memory, visuospatial function) as the independent
variables. The models were adjusted for age, sex,
site of onset (spinal versus bulbar onset),
ALSFRS-R score, and presence of C9orf72 repeat
expansion, considering mutation carriers more
often have cognitive impairment than non-carriers.
All results were adjusted for multiple comparisons
using family-wise error (FWE) corrections at the
cluster level (p< 0.001).

Results

Patient characteristics

In total, [18F]FDG -PET images from 65 patients
with ALS and 39 controls were included in the
study. Demographic results and patient character-
istics are presented in Table 1. The sex distribu-
tion was similar between ALS and controls
(p¼ 0.24). Patients with ALS was slightly older
compared to controls (mean age in ALS 62.9 years
and in controls 58.1 years, p¼0.05), but the dif-
ference was not statistically significant. Eleven
patients were carriers of a known ALS-causing
mutation (8 C9orf72, 1 TBK1 and 2 SOD1).

ECAS scores

The total ECAS scores ranged from 51 to 129
(the maximum score on the test is 136) with a
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mean score of 107, and 27 patients (42%) had a
total score below 108, which is the cutoff for cog-
nitive impairment (12). The ALS specific and non-
specific scores ranged from 32 to 94 (mean 80)
and 10 to 36 (mean 28), respectively.

Glucose metabolism in ALS patients compared to
controls

In comparison to healthy controls, patients with
ALS displayed a large area of decreased metabol-
ism in the bilateral frontal and prefrontal cortices,
insula, and midbrain, as well as increased metabol-
ism in the bilateral occipital cortex and the right
cerebellum (Figure 1).

Glucose metabolism and cognition

Regression analyses among patients with ALS
showed a positive correlation between ECAS total
score and glucose metabolism in the cingulate cor-
tex, right inferior frontal cortex, and right insula,
meaning that a lower ECAS total score was associ-
ated with decreased metabolism in these areas.
Negative correlations were found in the occipital
cortex, and the fusiform gyri, i.e. lower ECAS
were associated to increased metabolism in these
regions (Figure 2, Table 2). We found similar
results regarding the negative correlations for
ECAS ALS-specific scores. However, we did not
find any significant positive correlations with
ECAS ALS-specific scores. When investigating
correlations between brain glucose metabolism and
the ECAS sub-domain scores, we found positive
correlations with executive scores in the anterior
cingulum cortex bilaterally, with language scores in
the right interior frontal cortex, and with visuo-
spatial scores in the left middle and inferior frontal
regions. In addition, we found negative correla-
tions with executive scores in the left inferior tem-
poral cortex, left fusiform gyrus, and right inferior
occipital cortex as well as with verbal fluency
scores in the left cuneus and left fusiform
gyrus (Supplementary Table 1, Supplementary
Figure 2).

Considering that our cohort included eight
patients carrying the C9orf72 mutation, we con-
ducted a sentivity analysis on the 57 patients who
were not C9orf72 carriers (Supplementary Table
2). Similar to our full cohort (Table 2), we found
a negative correlation with ECAS total score in the
left fusiform, right fusiform and left cuneus.
Overall, we found similar correlations which led us
to include the C9orf72 carriers in our full analysis.

Discussion

In this study, we assessed glucose metabolism
using [18F]FDG-PET imaging in patients with
ALS, and investigated its association with cognitive
impairment as evaluated by the validated Swedish
ECAS version A.

We observed hypometabolism in the frontal
cortex, insula, and as well as in limbic system,
together with hypermetabolism in the cerebellum
in ALS patients compared to controls, which is in
line with previous findings. We also observed
hypermetabolism in the occipital cortices. Earlier
studies present contradictory results where some
showed occipital hypometabolism (15,18,27),
whereas others found hypermetabilism in occipital
lobes, i.e. similar observation to ours (28,29). In
addition, occipital lobe hypermetabolism has been
described in the early stages of dementia, probably
representing a compensatory mechanism for other
brain regions displaying reduced function (29–32).
The frontal and occipital lobes are connected
through long-distance white matter tracts essential
for cognitive functions including visual perception,
facial recognition, complex behavioral tasks, and
language comprehension (32,33). One could
speculate that during the early development of
cognitive dysfunction in ALS, characterized by
reduced metabolism mainly in frontal areas, the
brain aims to adapt to the disease by recruiting
other regions. Our sample of 65 ALS patients pre-
sented a mean time-window between diagnosis
and PET acquisition of 110.4 d (SD: 236.6), a
mean of 179.7 d (SD: 320.5) between diagnosis
and ECAS data collection, and a mean of 111.6

Table 1. Characteristics of patients with ALS and healthy controls.

Characteristics ALS patients (n5 65) Controls (n539) p value

Sex, N female (%) 27 (41.5) 21 (53.8) 0.20a

Age, mean years (SD) 62.9 (11.5) 58.1 (12.3) 0.05b

Site of onset, N (bulbar/spinal) 17/48 –

C9orf72 repeat expansion, N (%) 11 (15.1) –

ALSFRS-R score, mean (range) 39.5 (20–48) –

ECAS Total score, mean (range) 107 (51–129) –

ECAS ALS specific score, mean (range) 80 (32–94) –

ALS: amyotrophic lateral sclerosis; ALSFRS-R: ALS functional rating scale-revised; ECAS: Edinburgh Cognitive
Behavioral ALS Screen.

aChi-square test, X2 (1, N¼104) ¼ 1.5.
bUnpaired t-test, t (102) ¼ 2.0.
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days (SD: 141.8) between PET and ECAS collec-
tion (Supplementary Table 3). We conducted an
additional sensitivity analysis removing 6 outliers
from our sample, for 6 patients which presented a
time window between diagnosis and ECAS collec-
tion above 700 d (Supplementary Table 3). This
revised analysis on 59 ALS patients showed a
mean time-window between diagnosis and PET
acquisition of 52.9 d (SD: 63.5), a mean of 87.0 d
(SD: 81.1) between diagnosis and ECAS data col-
lection, and a mean of 80.6 d (SD: 86.3) between

PET and ECAS collection. Considering this
revised sample (excluding patients with an out of
the ordinary delay between diagnosis and data col-
lection), patients do indeed appear to be in the
early stages of their disease, which could support a
time-dependent hypermetabolism.

Furthermore, the ECAS scores were negatively
correlated with occipital metabolism supporting
the hypothesis that the more severe cognitive
impairment, the higher the compensatory occipital
glucose metabolism. Also, in patients with ALS,

Figure 1. Changes in glucose metabolism in patients with ALS compared to controls: (A) hypermetabolism and (B) hypometabolism.
L: left; R: right.
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we found that lower ECAS scores were correlated
with a decreased metabolism in the orbitofrontal
cortex, and an increased metabolism in the cere-
bellar cortex. Previous studies have described a
similar pattern of frontal lobe metabolism in ALS-
FTD, i.e. further decreased metabolism with more
impaired cognition (14,34). The aforementioned
studies have used comprehensive neuropsycho-
logical evaluations, but here we show that one cog-
nitive screening tool is sufficient and sensitive
enough to identify impairments associated with
abnormal metabolism. The pattern of hyper- and
hypometabolism seem to be driven mainly by the
executive and verbal fluency ECAS sub scores.

The observations of potential compensatory
mechanisms might suggest that the patients
included in our study have a rather preserved cogni-
tive function, and thus are not representative of the
general ALS population. Even if the proportion of
patients below the ECAS cutoff of cognitive impair-
ment (41%) is in line with previous reports, it is
possible that our cohort have a high overall cogni-
tive performance. Recently, the concept of cognitive
reserve has been discussed in ALS (35). Cognitive
reserve seems to act as a protection for cognitive

Figure 2. Relationship between ECAS scores with glucose metabolism in patients with ALS (corrected for age, sex, ALSFRS-R and
C9orf72 mutation status). All results were corrected at the cluster level with family-wise error rate corrections (p<0.05). (A) Negative
correlation between ECAS total scores and FDG-PET, (B) Negative correlation between ECAS ALS-specific scores and FDG-PET,
(C) Positive correlation between ECAS total score and FDG-PET. L: left; R: right.

Table 2. Correlations between glucose metabolism with ECAS
total, and ECAS ALS-specific in patients with ALS.

Positive correlations with ECAS total score

Label Cluster size T

Coordinates

x y z

Right middle cingulum 1486 4.48 12 8 30
Left anterior cingulum −4 8 30
Left anterior cingulum −10 30 14
Right inferior frontal

(orbital)
621 3.97 50 24 −10

Right inferior frontal
(opercular)

58 14 6

Right insula 42 18 0

Negative correlations with ECAS total score

Coordinates

Label Cluster size T x y z

Left fusiform 15258 5.9 −36 −70 −14
Left cuneus −8 −88 30
Right fusiform 44 −74 −16

Negative correlations with ECAS ALS-specific score

Coordinates

Label Cluster size T x y z

Left cuneus 23202 6.38 −12 −86 32
Left fusiform −38 −72 −14
Left fusiform −34 −56 −18
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decline where individuals with high cognitive
reserve seem to be more resilient to brain changes
than others (36,37). This could support the idea
that patients with a higher cognitive reserve perform
well on ECAS leading to a stronger compensatory
mechanism, ultimately being reflected by greater
brain glucose mechanisms. Following these specula-
tions, our sample might represent patients in the
upper range of ECAS performance in ALS.

Our study was conducted in a well character-
ized Swedish cohort with a fairly large sample size.
In our knowledge, this is the first study looking at
[18F]FDG-PET and cognition in an ALS cohort
from Sweden. We acknowledge several limitations.
First, the patient cohort was collected at
Karolinska University Hospital (with all PET scans
performed using the same camera) and healthy
controls had performed their PET scans at a dif-
ferent center. However, a sensitivity analysis was
done prior to the analysis showing the technical
results are comparable (see Methods section).
Furthemore, unlike other neurodegenerative disor-
ders characterized by diffuse hypometabolism, the
FDG distribution in ALS shows in almost all cor-
tical and subcortical regions either hypo or hyper-
fixation of the tracer. Therefore, in ALS the choice
to normalize by the brain intensity average stems
from the above pathophysiological characteristics
in the attempt to reduce possible bias and result-
ing, in the worst of the cases, in a minimal discrep-
ancy from the “real/quantitative” data. Second,
despite speculations regarding the concept of cog-
nitive reserve, we did not assess this specifically in
the analysis. In follow up studies, one could con-
sider assessing cognitive reserve (by using a proxy
measure such as education) in the statistical mod-
els. Third, patients with ALS in our cohort were
older than controls (mean age in ALS 62.9 years
and in controls 58.1 years, p¼ 0.05). However, as
our main observation were within the patient
group (correlation between ECAS and glucose
metabolism), we do not consider this to impact
our results. Finally, we did not assess behavioral
symptoms or classified the patients into different
cognitive/behavioral categories as proposed by
Strong et al. (38). Different network systems are
involved in cognitive versus motor dysfunction in
ALS (39,40). However, previous research has not
shown a discrepancy in metabolic patterns between
cognitive versus motor impairment, instead showing
alterations in cognitively impaired patients more in
line with the general pattern seen in ALS (15).
Future studies should explore metabolic patterns
correlated to different behavioral symptoms in ALS.

Conclusion

This study confirms previous findings of metabolic
alterations seen on [18F]FDG-PET imaging in

ALS with hypometabolism primarily observed in
the frontal cortex and hypermetabolism in the
occipital cortex and cerebellum. We also see hypo-
metabolism located in the limbic system. The
metabolic patterns in [18F]FDG -PET show that
changes in the glucose metabolism of correspond-
ing areas are related to cognitive impairment in
ALS supporting the disease continuum of cognitive
function in ALS ranging from pure motoric
impairment in one end, and frontotemporal
dementia in the other. Future studies are needed
to elucidate the predictive value of both of these
modalities as well as their role in presymptomatic
individuals.
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