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18FDG PET-CT is useful for early and differential diagnosis of dementia.
ASL-MRI seems an attractive alternative.
Visual agreement was calculated in 21 brain regions bilaterally in 9/11 patients with suspected early-stage de-
mentia, excluding 2 patients due to ASL-MRI motion artefacts. Overall gross agreement was almost perfect and
identical between and within modalities (κ = 0.85–0.86, p b 0.05).
Intermodality regional agreement was variable, moderate (κ=0,56 in posterior cingulate) to perfect (including
in precuneus), not different from intramodality agreement.
Diagnostic accuracy was 5/9 (56%) for ASL-MRI and 7/9 (78%) for FDG PETCT.
(p = 0.31).
Clinical experience and optimisation may further improve ASL-MRI's performance.

© 2017 Elsevier Inc. All rights reserved.
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1. Introduction

[18F]fluoro-2-deoxy-D-glucose positron emission tomography com-
puted tomography (FDG PET-CT) is the current functional andmost fre-
quently used imaging gold standard for early and differential diagnosis
of neurodegenerative diseases [1]. Newer tracers, such as those for am-
yloid and tau pathology, are very promising in this respect, but not yet
validated well enough in routine clinical practice to be considered as
the gold standard in a group of unselected patients visiting thememory
clinic. Arterial spin labellingmagnetic resonance imaging (ASL-MRI) has
been proposed as a non-invasive, practical alternative. It uses magneti-
cally labelled blood water as an endogenous tracer [2,3] to evaluate ce-
rebral blood flow (CBF). Given the tight coupling of cerebral glucose
metabolism and perfusion [4,5] both functional markers could provide
similar information although discrepancies are known to occur [6,7].
ASL-MRI is potentially as widely available as conventional MRI, fast
and cheap as a short additional sequence to the routineMRI in dementia
work-up. It has been shown fairly reliable for CBF measurement in
healthy young and older volunteers [8,9] and finding quite consistent
abnormalities in preclinical Alzheimer disease (AD) and APOε4 carriers
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[10–12], MCI, converters to AD [8,10,11,13–16] and (early) AD patients
[8,11,13,15–20]. In AD typical perfusion defects have been described
similar to those seen on FDG PET-CT [13,15–17,19,20]. Regional hyper-
perfusion occurs too, particularly in early AD, mostly medial temporal
(and hippocampal) and (less) in the anterior cingulate and frontal cor-
tex, striatumand globus pallidus, due to compensatorymechanisms, va-
sodilatation or inflammation [12,13,15,19,21]. Less is known about
other dementia types like frontotemporal dementia (FTD) [20–23],
Lewy body dementia (LBD) [22] or vascular dementia [24,25].The vast
majority of these studies are performed at group level using voxel-
wise or other (semi)quantitative techniques, yet not available for clini-
cal routine.

There are relatively few studies that directly compare FDG PET(-CT)
and ASL-MRI. 2 in healthy subjects [26,27] and one in neurologically
asymptomatic oncological patients [28] showed overall good correla-
tion butwith substantial regional variability [27]. Scarce,mostly (semi)-
quantitative and less visual comparative studies in dementia showed
also a fairly good correlation [29–34]. Only one study performed a visual
analysis of both modalities [30], showing similar regional abnormalities
and diagnostic accuracy in a small population of mild to moderate AD.
Data on direct comparison of the two modalities in the early and pre-
clinical stages [32,33], other dementia types [31,32] andwith qualitative
approach [32] (only of ASL-MRI data) are scarce.

The purpose of this study was to assess qualitative agreement and
diagnostic performance of ASL-MRI versus FDG PET-CT in an unselected
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patient populationwith suspected early-stage, various type dementia or
MCI, using a clinically relevant standardized visual scoring system.

2. Material and methods

2.1. Study population

All patients from thememory clinic newly imaged at our centrewith
both ASL-MRI and FDG PET-CT between January 2011 and August 2012
were retrospectively included. The number of new patients visiting our
memory clinic is roughly 5–10 per week. The majority of these patients
however are referred from elsewhere, with imaging (MRI and/or PET)
performed elsewhere and not repeated at our centre. From those pa-
tients that do undergo imaging in our centre, only a small proportion
underwent bothMRI and PET imaging. A selection bias due to this imag-
ing referral procedure cannot be excluded.

The included patients were all suspected of early/mild dementia or
MCIwithout a clear clinical diagnosis after repeated neuropsychological
and neurological investigations. Patients had had symptoms for at least
8 to 40 months, except for one very slowly progressor with symptoms
since 9 years. Patients were excluded from our study if the interval be-
tween ASL-MRI and FDG PET-CT exceeded 26 weeks, clinical status
had changed in between and if alcohol or substance abuse was present.
Ethics committee gave approval for the study.

Best available diagnostic gold standard was the probable diagnosis
made by the multidisciplinary dementia team based on all neuropsy-
chological and medical findings, further established upon follow-up
(of up to 4.5 years) and treatment response where applicable. The pa-
tient populationwasheterogeneous,with different dementia diagnoses,
reflecting the reality of a memory clinic and patients referred for FDG-
PET.

2.2. FDG PET-CT imaging protocol

Patients fasted ≥6 h, with blood glucose levels adequate (b7mmol/l,
mean 5,6 ± 0,5 mmol/l) before intravenous injection of a standard ac-
tivity of 218 ± 12.7 megabecquerel (MBq) FDG. Patients rested in a
quiet, warm room with eyes covered, and ears plugged. Scanning was
performed 60± 5.0 min post-injection on a Biograph PET/CT (Siemens,
Erlangen, DE, 128 or 40 slice CT), with low dose CT for attenuation cor-
rection and localisation, and PET acquisition of 10 min afterwards. For
PET ultrahigh definition reconstruction (time of flight and true X) was
used, with 5 iterations and 21 subsets, image matrix size of 512, zoom
2,0 and Gaussian filter at full width half maximum (FWHM) of 1.0 mm.

2.3. ASL-MRI imaging protocol

MR imagingwas performed at 3 T (MR750Discovery, GEHealthcare,
Milwaukee,WI) using an 8 channel head coil for reception of signal. ASL
was performed in addition to the routine dementia protocol, including
high-resolution T1weighted, T2 and T2* weighted, Fluid Attenuated In-
version Recovery (FLAIR) T2weighted, and diffusionweighted imaging.
ASL images were acquired using a pseudo-continuous labelling se-
quence (pCASL)with an interleaved 3D fast spin echo (FSE) stack of spi-
ral readouts using 512 sampling points on 8 spirals, resulting in an
isotropic voxel size of 3.3 mm3 in a 24 cm field of view (FOV). Further
imaging parameters included: echo time = 4.7 ms; repetition time =
6000 ms; post-labelling delay = 1525 ms; 3 NEX; total scanning time
= 4:29 min. Ears were plugged and eyes not covered. CBF maps were
calculated using the single-compartment model [35] implemented by
the scanner manufacturer.

2.4. Image analysis

A standardized visual scoring system of perfusion andmetabolic ab-
normalities was used, first evaluated in 3 test patients.
Rating of 18 supratentorial brain regions bilaterally with a summary
of 3 cortical lobes (see Table 1) was done as 0= normal, 1= equivocal,
and 2 = abnormally low (3-pointsystem). There was no score for hy-
perperfusion or -metabolism. Presence of asymmetry with most affect-
ed sidewas noted. To assess disagreement in a clinically and statistically
meaningful analysis, only a difference by 2 pointswas considered as dis-
agreement (i.e. normal versus abnormal was considered as disagree-
ment, but equivocal versus normal or equivocal versus abnormal were
not; note that this does not affect the assessment of accuracy, as this
was based on final diagnosis).

For the asymmetry scores only left versus right hemispheric abnor-
mality was considered as disagreement.

A forced probable diagnosis, which could be any kind of dementia or
brain disease needed to be given. Diagnostic accuracy was determined
as the number of cases of the correct diagnosis (AD, FTD, CBD as speci-
fied in Table 2) out of the total number of cases.

Images were assessed blinded for clinical information (except for
age and sex), individually by 2 neuro-radiologists for ASL-MRI and 2 nu-
clear medicine physicians for FDG PET-CT, followed by a modality con-
sensus reading.. Knowledge in the field was judged sufficient for a
proper reading for all readers: both readers of ASL-MRI had at least 20
exams' experience. Experience was somewhat higher for FDG PET-CT
readers: at least 50 exams' experience per reader as well as N200
exams with 99mTc-HMPAO.

Readers of ASL-MRI were not allowed to view FDG PET-CT images
and vice versa. Use of low dose CT for FDG PET readers and only struc-
tural MRI for all readers was not prohibited, essentially to correlate an-
atomical regions, consistent with clinical practice. For the same reason,
analysis was done without partial volume correction, believed not to
have major impact on (visual) metabolic assessment [36–38].

2.5. Statistics

Inter- and intramodality agreement was assessed by Cohen's kappas
calculation (+ 95% confidence intervals (CI)), for all patients and re-
gions together, excluding summarizing lobar ratings being redundant
information (global agreement).

Regional agreement was calculated for each region and lobe. Asym-
metry agreementwas assessed separately. Modality consensus readings
served for intermodality agreement calculation. 2 kappas were not sta-
tistically different if their difference (+ 95% CI) contained 0, with

σdifference ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
σ1

2 þ σ2
2:

p

Modality diagnostic accuracy after consensus readings and of each
individual reader were assessed, statistically compared with Fisher
exact Test, one-tailed (p b 0.05). Analyses were performed in StatSoft,
Inc. (2011) STATISTICA (data analysis software system), version 10.
www.statsoft.com., in excel (version 14.0.0 (100825), Microsoft Office
2011 forMac, and based onDyadic Data Analysis for Cohen's kappa [39].

3. Results

3.1. Study population

Eleven patients (mean (±SD) age 59 years ± 8.5 years) with MCI
(N = 1) or suspected of an early dementia syndrome (N = 10) were
included. Two patients were not evaluable only on ASL-MRI due to
motion artefacts. Patient characteristics and diagnoses of the 9
evaluable patients are listed in Table 2.

3.2. Intra- and intermodality agreement

3.2.1. Global agreement
Using 2-point scores (differentiating only clear disagreement

between normal versus abnormal findings) inter- and intramodality



Table 1
Intra- and intermodality agreement.

FDG PET-CT intramodality ASL-MRI intramodality ASL versus PET intermodality
κ (95% CI) κ (95% CI) κ (95% CI)

Global supratentorial brain 0.85 (0.74–0.96) 0.86 (0.75–0.97) 0.85 (0.74–0.95)

Regional assessment
Caudate nucleus 1.00 (0.54–1.00) Non-calculablea Non-calculable
Putamen 1.00 (0.54–1.00) 1.00 (0.54–1.00) Non-calculable
Thalamus Non-significant 1.00 (0.54–1.00) Non-calculable
Frontal Overall 1.00 (0.54–1.00) 0.48 (0.09–0.88) 0.67 (0.23–1.00)

Inferior/Perisylvian 1.00 (0.54–1.00) 1.00 (0.54–1.00) 0.64 (0.21–1.00)
Medial prefrontal 0.77 (0.32–1.00) 0.77 (0.32–1.00) 0.82 (0.37–1.00)
Anterolateral prefrontal 1.00 (0.54–1.00) 1.00 (0.54–1.00) 0.67 (0.23–1.00)

Anterior cingulate 0.53 (0.12–0.93) 0.82 (0.37–1.00) 1.00 (0.54–1.00)
Primary sensorimotor 1.00 (0.54–1.00) 1.00 (0.54–1.00) 1.00 (0.54–1.00)
(Anterior) insula 0.82 (0.37–1.00) Non-calculable 1.00 (0.54–1.00)
Temporal Overall 0.78 (0.33–1.00) 0.64 (0.18–1.00) 0.61 (0.15–1.00)

Anterior temporal 0.88 (0.42–1.00) 0.77 (0.32–1.00) 0.82 (0.37–1.00)
Mesotemporal (hippocampal) 1.00 (0.54–1.00) 0.68 (0.25–1.00) 0.73 (0.28–1.00)
Temporal perisylvian 0.61 (0.18–1.00) Non-calculable Non-calculable
Wernicke's area 1.00 (0.54–1.00)⁎ 0.40 (0.03–0.77)⁎ 0.64 (0.21–1.00)

Parietal Overall 1.00 (0.54–1.00) 0.78 (0.33–1.00) 1.00 (0.54–1.00)
Lateral 1.00 (0.54–1.00) 1.00 (0.54–1.00) 1.00 (0.54–1.00)
Medial (Precuneus) 0.77 (0.32–1.00) 0.87 (0.41–1.00) 1.00 (0.54–1.00)

Posterior cingulate 0.77 (0.32–1.00) 1.00 (0.54–1.00) 0.56 (0.10–1.00)
Occipital Visual cortex Non-calculable 0.77 (0.32–1.00) Non-calculable

Remainder occipital lobe Non-significant 1.00 (0.54–1.00) 1.00 (0.54–1.00)

a Kappa non-calculable if all reviewers gave the same score (100% agreement rate without chance correction).
⁎ Significantly different (p b 0.05).
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agreements were almost perfect and not significantly different
(Table 1): intermodality κ = 0.85 (95% CI 0.74–0.95); ASL-MRI κ =
0.86 (95% CI 0.75–0.97) and FDG PET-CT κ = 0.85 (95% CI 0.74–0.96).

Using 3-point scores however agreement was poor: intermodality
κ = 0.23 (95% CI 0.15–0.32), ASL-MRI κ = 0.37 (95% CI 0.29–0.46) and
FDG PET-CT κ= 0.33 (95% CI 0.25–0.42); p N 0.05.

Agreements in asymmetry ratings (2-point score) were poor to very
poor: intermodality κ = 0.01 (95% CI 0.00–0.16), only significantly
lower than ASL-MRI κ = 0.32 (95% CI 0.12–0.53); and not significant
from FDG PET-CT κ = 0.22 (95% CI 0.03–0.41).

3.2.2. Regional agreement (Table 1)
This ranged frommoderate to perfect both between and within mo-

dalities differentiating only normal from abnormal regional scorings.
Only inWernicke's regionwas there lower agreement between ASL-

MRI than FDG PET-CT reviewers, both not different from the
intermodality value, and without significant agreement difference be-
tween andwithin modalities for the other regions. Regional asymmetry
agreement was not statistically interpretable.

Lowest and moderate intermodality agreement was found in the
posterior cingulate (PCC): κ = 0.56 (95% CI 0.10–1.00), followed by
the temporal lobe: κ = 0.61 (95% CI 0.15–1.00) and others. Perfect
Table 2
Patient characteristics, modality and gold standard diagnosis.

Age Sex MMSE Δ (w)a Diagnosis FDG PET-CT

1 64 M 26 −2.0 AD
2 69 M 26 −26.0 AD
3 46 F 25 0.4 AD
4 64 F 27 1.0 Probably normal
5 69 F 28 4.0 FTD
6 57 F 30 23.0 Normal
7 61 M 29 18.0 FTD
8 44 M 26 1.0 FTD
9 60 F 27 17.0 AD

a The interval in weeks between both exams: negative if FDG PET-CT performed first.
b The interval in years between onset of symptoms and first imaging.
c The duration of follow-up in years after first imaging, further establishing clinical diagnosi
d Frontotemporal dementia with motor neuron disease.
gross intermodality agreement was found in several regions including
precuneus.

3.3. Diagnostic accuracy

Diagnostic modality accuracy (Table 2) for ASL-MRI was 5/9 (56%)
and for FDG PET-CT 7/9 (78%), (p = 0.32).

BothASL-MRI readers reached 5/9 (56%), disagreeing in only one pa-
tient, wrongly diagnosed by both (CBD and normal instead of FTD). In-
dividual diagnostic accuracy was respectively 5/9 (56%) and 6/9 (67%)
for FDG PET-CT readers, with initial agreement in only 4 patients, but
complementary for consensus diagnosis.

Two patients were wrongly diagnosed after consensus on ASL-MRI
and FDG PET-CT.

The first one was interpreted by both as probably normal, but diag-
nosed initially with a clinically mild CBD or atypical FTD; after 2 years of
follow-up, this diagnosis was revised and changed to progressive
supranuclear palsy (PSP).

FDG PET-CT and ASL-MRI showed only discretely asymmetrical,
slightly discordant defects frontotemporal and striatal.

The second patient was diagnosed with limbic encephalitis, after re-
ferral for suspected dementia (Fig. 1).
ASL-MRI Gold standard
diagnosis

Symptoms(Y)b Follow-up (Y)c

AD AD 3.0 4.5
AD AD 9.0 1.9
Normal Limbic encephalitis 0.75 2.0
Normal PSP 3.5 4.6
AD FTD 2.0 0.1
Normal Normal 1.5 1.3
FTD FTD 0.8 1.2
CBD FTD–MNDd 3.0 2.7
AD AD 3.5 2.7

s.
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A further 2 FTD patients were wrongly diagnosed only on ASL-MRI,
classifying the first as AD because of pronounced parietal hyposignal
(discordant with metabolism), and the second as CBD (Fig. 2).

In 5 patients therewas diagnostic agreement ofwhich 4were abnor-
mal (Fig. 3).

4. Discussion

In this small pilot study comparing ASL-MRI to FDG PET-CT in a clin-
ical setting, we found fairly high gross agreement, between and within
modalities although this varied by brain region. Subtle differences in in-
terpretation between modalities however were not taken into account,
for instance an equivocal score on one modality versus a normal or ab-
normal score on the othermodality, sincewe only considered a discrep-
ancy of normal versus abnormal scores as disagreement.

FDG PET-CT seemed to have better intramodality agreement only in
Wernicke's region and a somewhat higher consensus diagnostic perfor-
mance, although not statistically significant. Given the small sample
size, statistics and mostly the lack of difference should be interpreted
with care. A potential bias was also the high number of patients with
confirmed diagnosis of early dementia.

Assessment of regional agreement is more meaningful in this re-
spect and given the variability in pathology. It showed a range of mod-
erate to perfect, again gross agreements intermodality not different
from intramodality values. Intermodality agreement was lowest and
just moderate for the posterior cingulate, being an important region in
AD, however perfect in our 3 AD patients. This is possibly partly due
to reviewers' experience, but intramodality agreement was strong to
Fig. 1. Limbic encephalitis undiagnosed on both modalities 46-year-old female. On FDG
hypometabolism (upper image, thin black arrow), classified as probable AD. Normal ASL-MRI
to the web version of this article.)
perfect for both modalities. Metabolism and perfusion in this region
are physiologically higher than average cortex which needs to be
taken into account for adequate evaluation [40,41].

Only inWernicke's region was themoderate intramodality ASL-MRI
agreement significantly lower than for FDG PET-CT, not different from
intermodality agreement also being relatively lower. This is probably
due to uncertainty of the readers and some watershed artefacts [31,
42,43] in ASL-MRI.

There was (very) poor agreement in rating asymmetry of metabo-
lism/perfusion, both between but also within modalities, without a
clear explanation (sensitive scoring?) nor regional/disease pattern.

Regarding diagnostic performance: in 2 out of 9 patients the correct
diagnosis was only made by FDG PET-CT, but inversely in none only by
ASL-MRI. Two additional patients were not interpretable only on ASL-
MRI due to motion artefacts. Motion is a frequent problem with ASL-
MRI [44], asking for implementation of motion correction algorithms
and faster scanning. Acoustic noise protection against the high-pitched
noise from this sequence may help further. It may seem surprising
that the readers rated some scans as normal, knowing that they were
rating scans from patients and not from controls. Images were assessed
blinded for clinical information (except for age and sex). Readers only
knew that these patients were suspected of an early dementia syn-
drome or MCI. Not all MCI patients show perfusion/metabolic abnor-
malities, especially those that are non-converters. It is therefore not
surprising that some scans were read as normal.

In one patient there was no diagnosis of dementia nor MCI upon fol-
low-up. At the time of referral however, the patient was suffering from
cognitive complaints since 8 months and suspected of a dementia
PET-CT left parietotemporal (right, lower image, red arrow) and posterior cingulate
. (For interpretation of the references to color in this figure legend, the reader is referred

Image of Fig. 1


Fig. 2. FTD only diagnosed on FDGPET-CT 55-year-oldmale. On FDGPET-CT slight frontal (right, upper image, red arrow) and doubtful left temporal (lower right image, black thick arrow)
hypometabolism. On ASL-MRI discrete asymmetry (right worse) and additional parietal hypoperfusion (left, upper image, white arrow), inducing a false diagnosis of CBD. (For
interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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syndrome. Upon follow-up, the diagnosis of limbic encephalitis was
made. It would have been inappropriate to post-hoc exclude this patient
as this would have introduced a selection bias.

Several potential reasons for the somewhat better diagnostic perfor-
mance of FDG PET-CT in this patient group can be identified. First, ASL-
MRI is sensitive to underestimating perfusion at the borderzone (water-
shed) areas of two vascular territories where a longer arterial transit
time exists, becoming more pronounced with ageing when CBF de-
creases [30,42,43].

The lateral parietal watershed area is particularly problematic. Two
FTD patients, incorrectly diagnosed only with ASL-MRI were due to
probably falsely overestimated parietal hypoperfusion. This (moderate)
discordancy between perfusion and metabolism was however not
found in regional gross (2-point score), less sensitive agreement.

Newly emerging ASL-MRI implementations such aswith velocity se-
lective ASL and multiple post-labelling delays or inversion times
allowing for ATT correction [45] and longer post-labelling delay time
of 2000 ms [46] may overcome this watershedding problem.

Second, more extensive and complementary experience of our FDG
PET-readers could have played a role especially in the diagnostic perfor-
mance. ASL-MRI has only recently become available on clinical scanners,
and, even though there is already an extensive body of research litera-
ture, clinical experience with ASL-MRI is still fairly limited.

Finally, cerebral perfusion is thought to be more (patho)physiolo
gically variable than glucose metabolism, and the absolute perfusion
measurement by H2O15 PET has also been found to have a lower diagnos-
tic power for AD than in FDG PET studies [47].

Two patients (22%) were incorrectly diagnosed with both modali-
ties, both with rather rare diagnosis. Limbic encephalitis is a broad enti-
ty with variable possible FDG PET abnormalities [48]. No literature
exists on the findings with ASL-MRI. The second patient was clinically
diagnosed with probable mild CBD initially, and this diagnosis was re-
vised after 2 years follow-up as PSP. Both FDG PET-CT and ASL-MRI
showed only slight abnormalities, incorrectly interpreted as (probably)
normal. PSP is known to give typically symmetrical hypometabolism in
the prefrontal cortex and caudate nucleus, thalamus, and mesencepha-
lon on FDG PET [49]. No literature has been found on findings of ASL-
MRI in PSP.

Themain limitation of this study is the small patient population. The
limited power did not allow for correction for multiple comparisons,
which does not affect our overall conclusion that there were no clear
differences between modalities. The small differences that we found
could however be false positive due tomultiple comparisons, and there-
fore should be interpreted with care. Also, only patients were included
who were referred for both MRI and FDG PET-CT, which is only a
small proportion of our memory clinic's patient population. This will
likely have introduced a selection bias towards those cases in whom
clinical diagnosis is difficult.

However, several strengths highlight its value. Most importantly, in
contrast to other studies comparing ASL-MRI with FDG PET-CT, ours is

Image of Fig. 2


Fig. 3. AD diagnosed on both modalities 60-year-old female. Concordant bilateral hypometabolism and hypoperfusion, parietal (left: ASL-MRI upper image, white arrow, right: FDG PET-
CT, upper image, red arrow) and temporal (left: ASL-MRI, lower image, green arrow, right: FDG PET-CT, lower image, black arrow). (For interpretation of the references to color in this
figure legend, the reader is referred to the web version of this article.)
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set in a true clinical context. Patients, although retrospectively included,
were not selected based on their underlying disease process but repre-
sent a true reflection of patients referred for functional imaging in the
context of diagnostic uncertainty in early-stage dementia syndrome.
Also, our visual analysis reflects clinical routine evaluation, but is time
consuming. It is not surprising that ours is only the second study [30],
with findings in line with the previous exploratory study by Musiek et
al., also reporting moderate to strong intermodality agreement, only in
AD patients and healthy controls. They, however, found better
intramodality agreement for FDG PET reads. However the two re-
viewers, reading both FDG PET and ASL-MRI scans, had more extensive
experience with FDG PET.

We didn't perform quantification to resemble again clinical routine,
nor partial volume correction for the same reason and the latter proba-
bly without major influence on (metabolic) evaluation [36–38]. One
could consider the lack of co-registration of both modalities a further
limitation, although all regions were well defined in advance.
5. Conclusions

ASL-MRI and FDG PET-CT showed overall good gross agreement
both between and within modalities, and moderate to good diagnostic
performance.

FDG PET-CT seemed to perform slightly better, partially related to
readers' experience. Technical limitations, artefacts (mostly waters
hedding) and (patho)physiological variability may further influence
negatively ASL-MRI's diagnostic performance. Many of these technical
issues are expected to be addressed in the near future, with more
sophisticated ASL-MRI implementations and increasing expertise.

ASL-MRI could provide a good alternative to FDG PET-CT, if limited
FDG PET-CT availability, in diabetics with difficult blood sugar control,
and in the context of the rapidly increasing number of dementia pa-
tients. Our findings require confirmation in prospective, larger studies.
Introduction of PET-MRI provides excellent opportunities for truly com-
parative modality studies under the same conditions.
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