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Purpose. Cardiac '*I-MIBG image interpretation is affected by population differences and
technical factors. We recruited older adults without cognitive decline and compared their
cardiac MIBG uptake with results from the literature.

Methods. Phantom calibration confirmed that cardiac uptake results from Japan could be
applied to our center. We recruited 31 controls, 17 individuals with dementia with Lewy bodies
(DLB) and 15 with Alzheimer’s disease (AD). Images were acquired 20 minutes and four hours
after injection using Siemens cameras with medium-energy low-penetration (MELP) collima-
tors. Local normal heart-to-mediastinum (HMR) ratios were compared to Japanese results.

Results. Siemens gamma cameras with MELP collimators should give HMRs very close to
the calibrated values used in Japan. However, our cut-offs with controls were lower at 2.07 for
early and 1.86 for delayed images. Applying our lower cut-off to the dementia patients may
increase the specificity of cardiac MIBG imaging for DLB diagnosis in a UK population without
reducing sensitivity.

Conclusions. Our local HMR cut-off values are lower than in Japan, higher than in a large
US study but similar to those found in another UK center. UK centers using other cameras and
collimators may need to use different cut-offs to apply our results. (J Nucl Cardiol
2021;28:1692-701.)
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Abbreviations

MIBG Metaiodobenzylguanidine

FP-CIT N-w-fluoropropyl-23-carbomethoxy-
3B-(4-iodophenyl) nortropane

DLB Dementia with Lewy bodies

AD Alzheimer’s disease

HMR Heart-to-mediastinum ratio

UK United Kingdom

uUsS United States

LEHR Low energy high resolution

MELP Medium energy low penetration

See related editorial, pp. 1702-1706
BACKGROUND

Dementia with Lewy bodies (DLB) is the second
most common form of neurodegenerative dementia after
Alzheimer’s disease, accounting for 5-10% of clinically
diagnosed cases."> Accurate diagnosis is important for
clinical management, prognosis, and carer well-be-
ing,* but initial misdiagnosis outside the specialist
setting is common.>®’ Schneider et al found that about
15% of dementia cases at autopsy have Lewy bodies in
the brain;® further evidence that many people with DLB
are being misdiagnosed during life.

Cardiac  '**I-metaiodobenzylguanidine ~ (MIBG)
sympathetic innervation imaging is now included as an
indicative biomarker in the fourth DLB consensus
criteria, alongside '**I-FP-CIT SPECT.® Cardiac MIBG
studies are quantified on planar images using the heart-
to-mediastinum ratio (HMR) as a diagnostic indicator,
where HMR is the ratio between the count density in the
cardiac left ventricle region (mean pixel value) and the
count density in a mediastinum region of non-specific
uptake. Abnormal scans have reduced cardiac uptake
with a low HMR. Although the imaging technique is
straightforward technically to implement in any hospital
with a nuclear medicine service, the interpretation
depends critically on establishment of a normal range,
or cut-off for HMR values. We previously found that,
provided that an appropriate normal HMR cut-off is
used, HMR analysis is more accurate than visual rating.’
The HMR normal range will depend on the following:

® Acquisition factors, including the camera and
collimator

® Processing factors, such as region placement

® Population-specific factors, for example obesity and
heart disease

We addressed processing factors in our previous
publication,9 with a standardized 6-cm circular cardiac
ROI recommended. We discussed the effects of camera
calibration and population-specific factors™'® and now
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address these here using images from older adults from a
typical UK older population to generate a normal range.

It has long been known that we need to standardize
cardiac MIBG image acquisition and processing param-
eters in order for cardiac uptake thresholds to be
applicable between centers.''™'® Medium-energy colli-
mators are recommended by the European Association
for Nuclear Medicine for cardiac '*’I-MIBG imaging as
they give superior image quality for '*’I, due to reduced
septal penetration of high energy emissions.'” However,
LEHR collimators are usually used in the USA, prob-
ably as they were used in the large ADMIRE-HF study
in heart failure.'®

Unfortunately, due to differences between vendors
and collimator specification, it is not always possible to
generalize results from any medium-energy collimator,
as shown by the phantom studies of Nakajima et al'® and
Verschure et al.'* Phantom calibration method can
adjust for technical factors, for example collimator
differences, but not for population differences.

In this study, we aim to

® establish, for the first time, a normal HMR cut-off
based on older adults without cognitive impairment in
a typical UK population;

® compare the diagnostic accuracy of this UK cut-off
for detecting Lewy body disease in a cohort of
dementia patients to that of calibrated cut-off values
from the literature.

METHODS

Phantom Calibration

Before starting cardiac '**I-MIBG imaging at our center,
a calibration check on our gamma cameras was performed with
help from colleagues in Japan and the Netherlands, using a
planar phantom. The method developed by Nakajima
et al' 1929 was applied, which would allow us to see whether
HMR cut-off values from Japanese studies needed to be
modified for use locally. This calibration procedure revealed
that the performance of our Siemens cameras fitted with
medium-energy low-penetration (MELP) collimators was very
similar to that of typical medium-energy general purpose
(MEGP) collimators in Japan (personal communication, Prof.
K. Nakajima, Kanazawa University, Japan). Calibrated HMR
cut-offs published by Komatsu et al*'** of 2.51 for early
images and 2.20 for delayed images are therefore appropriate
for use with our Siemens cameras with MELP collimators.

Subjects

Older Controls Without Cognitive Impair-
ment Thirty-one individuals aged over 60 years with normal
cognition were recruited as part of a Newcastle University
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study into the use of cardiac MIBG in a representative UK
population of older adults. They underwent a detailed neuro-
logical examination by a research physician, including rating
for parkinsonism with the Unified Parkinson’s Disease Rating
Scale (UPDRS), a thorough neurocognitive examination which
confirmed they had normal cognition and an MRI brain scan
reported by a radiologist as normal. Volunteers were excluded
if they presented with cognitive impairment, major cere-
brovascular disease on MRI brain imaging, Class II or worse
heart failure according to the New York Heart Association
classification, had had a myocardial infarction in the previous
year, were taking labetalol, or were unlikely to be able to
tolerate imaging. Subjects were not excluded if they had risk
factors for cardiac disease because we aimed to recruit typical
older adults with normal cognition. Diabetes has been shown
to be associated with reduced cardiac MIBG uptake in a small
proportion of patients with clinical autonomic neuropathy>
but similar to healthy controls in another study of patients with
impaired glucose tolerance.>* In our clinical studies in Lewy
body disease, we aim to assess cardiac MIBG in a ‘‘real-
world’’ setting, where diabetes and risk factors for cardiac
disease are extremely common. However, a detailed medical
history including assessment of cardiac risk factors was taken.

Older People with Dementia Seventeen
patients meeting the clinical criteria for probable dementia
with Lewy bodies (DLB) and 15 meeting criteria for dementia
due to Alzheimer’s disease (AD) were recruited from memory
clinics, as described in our previous publications.”!® Briefly,
patients had their dementia diagnoses confirmed by an expert
panel of old-age psychiatrists. They were categorized as
having probable DLB if two or more of the core consensus
criteria for DLB® (fluctuations, visual hallucinations, REM
(rapid eye movement) sleep behavior disorder and parkinson-
ism) were present, and AD if none of these were present. The
same broad general inclusion criteria as discussed above for
the controls, including being aged over 60 years, were applied
to ensure the patients were typical of the local population.

Image Acquisition and Processing

Subjects were administered 111 MBq [-123-MIBG via
slow intravenous injection. Potassium iodate tablets (170mg)
were given before and after injection to minimize uptake of
free iodine by the thyroid. Ten minute anterior planar images
were acquired at 20 minutes (early) and at 4 hours (+ 30
minutes) after injection (delayed). All images were acquired on
a dual-headed Siemens Symbia Intevo or Siemens Symbia
gamma camera (Siemens Healthcare, Munich, Germany) with
medium-energy low-penetration (MELP) collimators with
energy window of 159 keV + 10%, matrix size 128 x 128,
and no zoom applied.

All images were processed on a Hermes workstation
(Hermes Medical Ltd, Stockholm). Planar images were ana-
lyzed to obtain the heart-to-mediastinum ratio (HMR) using a
6 cm circular ROI placed over the left ventricle and 4 x 3 cm
rectangular ROI between the lungs in the mediastinum, as
described in our previous publication.” Images were processed
by a Medical Physics Expert (GR). Normal ranges based on
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control images were taken to be two standard deviations below
the mean value and were calculated separately for early and
delayed images.

RESULTS

Control and Patient Demographics

Of the 31 controls recruited, 2 were excluded due to
their image appearance (see below). The remaining 29
people included were aged between 62 and 94 years
(mean 75.2). Most were male (22/29) and white (28/29).
Body mass indices (BMI) ranged from 22 to 38 kg/m?,
with the mean value of 27.2 in the overweight category.
The demographics for controls and patients are summa-
rized in Table 1. The controls and dementia patients are
taken from concurrent clinical studies, so not all the
same information was collected for dementia patients.

Healthy Control HMR Results

Of the 31 healthy older adults recruited, one had a
markedly abnormal appearance on early and delayed
cardiac MIBG imaging and one had an abnormal
appearance on delayed imaging. The HMRs were also
clearly reduced for these patients, shown as empty
symbols on the plot in Figure 1. It is well recognized
that occult Lewy body disease (usually termed inciden-
tal Lewy body disease) is present in many older
people,” which may explain these findings. These two
control scans with abnormal appearance were therefore
excluded from analysis to determine local normal HMR
cut-offs. Figure 1 also shows the distribution of early
and delayed control HMRs and the change in HMR
between early and delayed.

Eight of the 29 controls had HMR values below the
Japanese cut-off of 2.51 on early images and 5/29 below
2.20 on delayed images.

Means, standard deviation and normal cut-offs
(mean-2SD) derived from the control HMR data are
shown in Table 2. The cut-off on the early images is
higher due to the lower variation between individuals on
the early images—the mean HMR is actually lower on
the early images than delayed. With these cut-offs
applied none of the 29 control subjects included were
classified as abnormal.

Dementia Patient Results

The mean HMR values for the patients with
Alzheimer’s disease and those with dementia with Lewy
bodies from our previous work'® are given in Table 3
with the control results included for comparison.
Figure 2 shows plots of the HMRs for controls, AD
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Table 1. Demographics summary for the 29 controls, 17 DLB, and 15 AD patients included in the
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study
Controls DLB AD
Age
Mean = SD 75.2 £+ 8.3 77.5 £+ 8.0 76.2 + 6.8
Range 62 to 94 years 60 to 89 years 62 to 85 years
Sex 7 Female (24 %) 2 female (12 %) 4 female (27 %)
22 Male (76 %) 15 male (88 %) 11 male (73 %)
BMI (kg/m?)
Mean + SD 27.8 £ 4.2 Not measured Not measured
Range 21.6to 37.8
Ethnicity 28 white (97 %) Not recorded Not recorded
1 Asian (3 %)
Smoking 13 never smoked (45 %) Not measured Not measured
13 ex-smokers (45 %)
2 current smokers (7 %)
1 not recorded (3 %)
Diabetes O Type | (O %) Not recorded Not recorded

3 Type 11 (10 %)
Systolic blood pressure

Mean = SD 140.5 £+ 17.8 Not recorded Not recorded
Range 112 to 173
On blood pressure medication 8 (28 %) 4 (24%) 5 (33%)
Hypercholesterinaemia documented 11 (34 %) Not recorded Not recorded
Documented cardiac history Previous MI and AF: Previous MI: 2 (12%) Previous MI: 3 (20%)
1(3 %)

Angina: 1 (3 %)
ECG changes: 1 (3 %)
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Figure 1. Left: early HMR values (blue triangles) and delayed (orange circles) with means of 2.72
(SD 0.32) and 2.78 (SD 0.46), respectively, for the 29 included individuals. Excluded individuals
are shown as empty symbols. Right: individual change in HMR between early (left) and delayed
(right) images for each of the 29 controls.
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Table 2. HMR data from healthy control subjects with normal scan appearances

n Mean HMR Standard deviation Control normal cut-off
Early images 29 2.72 0.32 2.07
Delayed images 29 2.78 0.46 1.86

Table 3. HMR results (mean and standard
deviation) for DLB and AD patients

Early Delayed
n Mean SD Mean SD
DLB 17 1.88 0.71 1.69 0.79
AD 15 2.47 0.41 2.48 0.41

Control 29 2.72 0.32 2.78 0.46

patients and DLB patients for early and delayed images,
with the cut-offs determined from controls shown as red
lines and the Japanese cut-offs as purple lines. Three of
the AD patients have uptake below the local cut-off (i.e.,
unexpectedly low) on early images and two on delayed.
Six of the DLB patients have uptake above the local cut-
off on early images, five of which are well above and 1
borderline (HMR = 2.15). This latter patient’s HMR
was 1.61, clearly abnormal, on the delayed image. The
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other five patients retained a normal HMR on the
delayed images, and the images appeared normal visu-
ally. The corresponding sensitivity, specificity, and
overall accuracy for DLB vs AD diagnosis using the
local cut-offs are given inTable 4, alongside the results
with the higher cut-off offs taken from the Komatsu et al
multicenter follow-up study.?* The third row shows the
results with the optimal cut-offs for this cohort that we
determined via ROC analysis in our previous work,'®
which was 1.61 to 1.70 for delayed images. Similar
analysis for early images gave the highest accuracy for
cut-offs between 1.77 and 1.80 for early images.

DISCUSSION

Early and Delayed Cut-Offs

Eight of the 29 controls included in our study had
HMR values below the early image cut-off of 2.51 from
the Japanese follow-up DLB study®? on early images
and five of 29 below 2.20 on delayed images, providing

Delayed images
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Figure 2. Heart-to-mediastinum ratios for controls, Alzheimer’s disease, and dementia with Lewy
bodies patients for early images (left) and delayed images (right). The red lines show the local
normal cut-off values, the green lines the optimal DLB vs AD cut-offs for data from our previous
study,'® and thezgurple lines the calibrated cut-off taken from the Japanese multicenter 3-year

follow-up study.
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Table 4. Sensitivity, specificity, and overall accuracy for DLB vs AD differential diagnosis for early and delayed images with HMR cut-offs

taken from local controls, Japanese multicenter study, and ROC analysis of the data

Delayed
Specificity

Early
Specificity

Accuracy  Sensitivity Accuracy
(%) (%) (%) (%) (%)

Sensitivity
(%)

Delayed

Early

Cut-off source

78
78

87

71

72
63

80

65

1.86
2.20

2.07
2.51

Local controls
Komatsu et al

87

71

47

76

(Japan)
Optimal (ROC

84

100

71

81

100

65

1.61 to

1.77 to

1.70

1.80

analysis)
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strong evidence for lower thresholds for this population.
We note that the value from the Japanese normal
database (patient-based) gives a normal range of 2.2 to
4.0 for early images (mean 3.1) and 2.2 to 4.4 for
delayed images (mean 3.3).>° These HMR ranges seen
in Japanese patients without Lewy body disease do not
seem to fit our UK population. If typical true HMR
results vary between populations phantom calibration
will not be sufficient, and measurements of local
controls will be required. In our previous work, we
saw that when we applied a normal HMR cut-off derived
from Japanese studies to our dementia patients it seemed
much too high, with several Alzheimer’s disease
patients falling into the abnormal category.'® Our cut-
offs of 2.07 (early) and 1.86 (delayed) reflect the higher
variation in normal delayed HMR results compared with
early results, rather than a difference in the mean, which
is in line with previous studies.”’ ™ These results were
obtained using Siemens cameras fitted with MELP
collimators, and as such cannot be directly applied to
other centers using other collimators.

For early images, the use of the local control cut-off
rather than the cut-off of Komatsu et al (2.07 vs 2.51)
resulted in two fewer DLB patients being correctly
assigned as abnormal, one of whom had a less equivocal
HMR on delayed imaging. The specificity was greatly
increased with the local cut-off as only seven AD
patients had early HMRs above the Japanese cut-off of
2.51. Use of the Japanese normal database result of 2.2
instead of 2.51 would not have affected either the
sensitivity or specificity of early imaging. With delayed
imaging, the sensitivity and specificity was the same
with both the local cut-off and that of Komatsu et al
(1.86 vs 2.20) as there were five DLB patients with
clearly normal looking scans (lowest HMR = 2.39) and
there were no AD patients falling between the two cut-
offs. It is worth noting however that five control subjects
have HMR values between the two thresholds, suggest-
ing our local values are more appropriate.

Comparison with Other Studies

At our center, we focus on the use of cardiac MIBG
imaging for the diagnosis of Lewy body disease.
However, as well as the differential diagnosis of Lewy
body disease from other conditions,**>? cardiac MIBG
scintigraphy is also used for the estimation of risk of
sudden cardiac death in heart failure patients and
predicting those who could benefit from an
implantable cardiac defibrillator (ICD)"®* and this is
currently the principal application in Europe and the
US.* The largest study of healthy controls recruited to a
cardiac MIBG research study (n =94) was that of
Jacobsen et al®” carried out as part of the ADMIRE-HF
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heart failure study.'® The controls were aged between 29
to 82 years (mean 58.5 + 10.6 years, with BMI between
20.4 and 44.3 (mean 28.7 + 5.1). These individuals were
carefully screened to exclude coronary heart disease or
Type 1 or 2 diabetes, making them healthier on average
than the typical population. Although a substantial
proportion (39/94) were aged over 60 years, the inclu-
sion requirement of having an annual cardiac risk of less
than 10% would further increase the difference in health
between these individuals and a typical elderly popula-
tion. We regard the inclusion of adults with diabetes and
coronary risk factors as a strength of our study in
relation to the diagnosis of Lewy body disease, rather
than a weakness. In recruiting older adults that aside
from having no cognitive impairment are similar in
general health to that of the general population, we are
determining a true normal range. However, despite this,
the controls from the US ADMIRE study have lower
HMR values on average than those from our study, even
accounting for the different collimator. Using LEHR
collimators, their result was 1.78 + 0.22, which would
correspond to normal cut-off of 1.34 with LEHR (two
standard deviations below the mean of 1.78). This cut-
off converts to around 1.6 with our camera with MELP
(determined using calibration data for LEHR collimators
from Ref. 36). One possible reason for the lower HMRs
in the United States may be differences in the method
used to delineate the cardiac ROI, with a freehand
method used in the ADMIRE-HF study. We found
previously that this tends to give lower HMR values than
a 6-cm circular region.’ Interestingly, the a priori cut-off
used in the ADMIRE-HF study was much higher than
subsequently seen in the controls: 1.6 with LEHR
collimators, equivalent to around 2.1 for our camera
with MELP (again, determined using calibration data for
LEHR collimators from Ref. 36). The a priori cut-off for
the ADMIRE-HF study was determined by pooling the
literature on cardiac MIBG values in healthy controls
(n =202).7 This was done without population or
camera differences being taken into account, which
may account for the discrepancy.

To our knowledge, the only other recent UK study
in controls is by Asghar et al in Manchester, again using
LEHR collimators and excluding people any history of
diabetes or cardiac disease.”’ In 14 healthy adults (mean
age 54.6 £ 5.4 years, mean BMI 27.0 + 3.1), they found
a mean early HMR of 1.67 £0.13 and delayed
1.73 £ 0.16, which would give cut-offs (mean — two
standard deviations) of 1.41 for both early and delayed
images. This cut-off is equivalent to around 1.7 for our
camera with MELP collimation®® and therefore similar
to our result for delayed imaging of 1.86. Since there is
thought to be little dependence of HMR on age*®~" we
would expect any differences between our controls and
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this study to be due to the inclusion criteria, as it seems
unlikely that there would be large differences between
the population of Manchester and Newcastle, two post-
industrial cities in northern England. The fact that our
mean and cut-off values are slightly higher rather than
lower than the Manchester study, after accounting for
camera differences, provides further indirect support of
our previous findings that cardiac disease is unlikely to
have a big impact on HMR,'” and further supports the
small body of evidence suggesting HMR is not strongly
linked to age.

Effect of Cardiovascular Disease on HMR

It is known that regional cardiac sympathetic
denervation assessed with SPECT or PET sympathetic
imaging is associated with both areas of myocardial
infarction (MI) and also with ischaemia in patients
without previous ML*™** The impact of MI and
coronary artery disease (CAD) on global uptake
assessed via planar cardiac MIBG scintigraphy is not
well established; however, most studies in healthy
controls exclude those with CAD. To our knowledge
there are no large studies that evaluate the impact of
regional sympathetic denervation associated with MI
and CAD on planar HMR. In this study and our previous
work,'® one control and three AD patients had experi-
enced an MI, all more than 1 year prior to scanning. The
control showed clear regional defects on SPECT imag-
ing but borderline-normal delayed planar HMR (2.14).
The three AD cases showed defects of varying magni-
tude and extent on SPECT and planar HMRs of 2.99,
2.16, and 2.59. The numbers are too low to establish a
correlation between the extent of regional denervation
and effect on global HMR but it seems likely that
regional denervation would have to be widespread for
planar HMR to be abnormally low. Given the variation
between healthy individuals, it is unlikely that MI and
CAD alone would give an abnormal HMR result in
individual cases. However, it is likely that both the mean
and standard deviation of a group of subjects would be
affected by heart disease, suggesting that differences in
the prevalence of cardiovascular disease between pop-
ulations could contribute to differences in HMR cut-
offs. In the UK, the prevalence of cardiovascular
diseases increases with age, with 8% of people between
60 and 70 years of age and 24% of those over 80
reporting at least one symptom.”’ In England, the
prevalence of coronary heart disease over all ages in
2018 was reported by the National Health Service to be
3.1%.** Equivalent data for Japan is not published but
we note that a large cohort study (Akita-Osaka study)
showed 0.2% incidence of new coronary heart disease
cases in urban Japanese men aged between 60 and 69
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between 1996 and 2003* suggesting a much lower
prevalence in this age group than in the UK.

Effect of Obesity on HMR

Obesity has been linked to decreased apparent
cardiac MIBG uptake by two previous studies,***° and
is thought to be due to increased attenuation and scatter
in larger individuals, rather than to true differences in
cardiac uptake. The ADMIRE control study discussed
above™ had a wide BMI range of 20.4 to 44.3 kg/m?
(mean 28.7) and reported a ‘‘modest’’ decrease in HMR
with BMI. This was a study into aging and the incidental
finding of a relationship between BMI and HMR was not
discussed in detail. Pellegrino et al reported lower
HMRs in patients with BMI > 30 (n = 10) compared to
those with BMI < 30 (n = 35).*® This was in heart
failure patients and the results have not yet been
replicated in healthy controls but do suggest patient
size may affect apparent cardiac MIBG uptake. In our
study, the mean BMI of the controls was 27.8 kg/m?
which is representative of the mean value of 27.3 for
119,230 men aged 40-69 recruited into the UK biobank
study between 2006 and 2010.*” The Manchester study
had a similar mean BMI of 27.0. In contrast, the mean
BMI in a Japanese longitudinal study of 104,928
individuals was 22.6 in men and 22.9 in women.*® A
relatively higher proportion of overweight individuals
may therefore contribute to the lower mean HMRs in the
UK and US compared to Japan. Future work using
attenuation and scatter corrected SPECT imaging may
provide insight into the contribution of patient size to
these population differences in apparent cardiac MIBG
uptake.

Limitations

This study was retrospective in nature, utilizing
control and patient data recruited to our center for wider
Lewy body disease studies. The inclusion of older adults
with a range of cardiac risk factors and without detailed
cardiac assessment to detect undiagnosed cardiovascular
disease makes it difficult to determine the impact of
cardiac disease on HMR. Very large samples of older
adults with and without risk factors for cardiovascular
disease could help to determine this, but as seen here,
older people often have cardiac risk factors, making it
impractical to recruit true healthy controls. As obesity is
both a risk factor for cardiovascular disease and a
potential cause of artifactually reduced HMR, this would
also need to be accounted for. If it were feasible, a large
prospective study in multiple countries recruiting cog-
nitively normal older adults typical of the local
population and scanning them using the same protocol
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could determine whether HMR is population specific in
a more rigorous manner.

NEW KNOWLEDGE GAINED

We determined cardiac '**I-MIBG heart-to-medi-
astinum ratio cut-off values derived from a group of
older adults in average health without evidence of
cognitive decline for the first time. After accounting for
camera differences, these values were lower than the
values used in Japan, higher than in a large US study but
similar to those found in another UK center.

CONCLUSION

Our results suggest that normal cardiac '**I-MIBG
heart-to-mediastinum ratio values may be population
specific, although processing differences cannot be
excluded. Further work is required to determine the
reasons for these differences, which could include
contributions from heart disease, obesity, and other co-
morbid conditions. This work highlights the importance
of deriving HMR cut-offs from controls that are repre-
sentative of the population being studied.
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