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Abstract

Purpose of review

Nuclear medicine techniques have the capacity to investigate neuronal dysfunction at the
synapse level. For instance, metaiodobenzylguanidine (MIBG) shows a similar uptake, storage
and release as norepinephrine. Intravenously injected radiolabeled MIBG is able to reflect
neuronal damage induced by inflammation and tumors. The purpose of this review is to
evaluate the results and limitations of these neuronal imaging techniques in patients with
pulmonary and cardiac diseases and to give an opinion about the clinical value of these new
diagnostic tools.

Recent findings

MIBG neuronal images of the lungs and heart can show heterogeneous distribution patterns
with either diminished or increased MIBG uptake and/or wash-out. These changes reflect
changes in endothelial integrity, neuronal innervations and clearance of norepinephrine.
Interest in the role of neurotransmitter involvement and the relation between endothelial cell
integrity and vascularization is growing and of utmost importance to understand the effect on
pathophysiology of diseases.

Summary

At this moment, there is no added clinical value to routinely use MIBG scanning of the lungs and
the heart. This is partly due to the many unresolved questions such as what actually happens
and which factors influence MIBG uptake and washout under normal physiological
circumstances. But the technique, if standardized and when dynamic time acquisition is
performed with the latest equipment, such as positron emission tomography (PET) and single
photon emission computed tomography-computed tomography (SPECT-CT), has a
tremendously great potential. It can unravel till now unknown relationships between
innervation, vascularization and endothelial integrity. Other diagnostic tools like magnetic
resonance imaging (MRI) and CT do not have this capacity, so the future looks bright for these
new neuronal imaging techniques.
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Introduction

In nuclear medicine, radiolabeled neurotransmitters are used as a diagnostic aid in
clinical diagnosis. The visualization of neuroblastoma and pheochromocytoma by
radiolabeled '*’l-metaiodobenzylguanidine scintigraphy (MIBG) is of great clinical
value. 'Pl-radiolabeled MIBG reflects adrenergic neuron integrity. MIBG and
norepinephrine enter adrenergic cells through the same uptake mechanism and both
are stored in the vesicles at the sympathetic nerve ending. In addition to this active
uptake mechanism, MIBG, in contrast with norepinephrine, is also taken up by a
diffusion type of pathway, which facilitates a substantial proportion of MIBG uptake
into the adrenergic nerves. The uptake of MIBG is diminished by injury to adrenergic
neurons, for instance induced by inflammation, and an increased sympathetic activity
is associated with a more rapid rate of loss of MIBG." Therefore radiolabeled MIBG is
able to reflect neuronal dysfunction in different organs. The myocardium, lungs,
adrenal glands, parotids, submandibular glands, uterus and intestines are all richly
supplied with sympathetic nerves. A study from Nakayo et al.” suggested that serial
measurements of time activity of radioiodinated MIBG in certain organs may be useful
in the assessment of adrenergic neuropathy.

The lungs are able to extract circulating norepinephrine from the circulation, a process
that is mediated by the pulmonary vascular endothelial cells. The extent to which the
lungs are participating in the removal of these biogenic amines has been measured
and it appears that approximately 25% of the circulating norepinephrine is extracted
through the passage through the lungs in resting humans.® The focus on sympathetic
innervations and/or removal of biogenic amines has led to questions as follows: is
there an association between certain pulmonary diseases and adrenergic dysfunction?
What is exactly the role of these innervations and why do the lungs play a role in the
excretion of the biologically active amines? Is there any relation between chronic
obstructive pulmonary disease (COPD) or pulmonary hypertension and neurogenic
dysfunction and what is the effect of infectious disease? There are more questions
than answers and the literature is scarce, but recently growing in numbers, indicating
an awakening in interest in this area of science. Numerous sympathetic nerves
innervate vessels in the lung.* Neurotransmitters released from sympathetic neurons
can potentially affect endothelial cells and it has been hypothesized that the
interaction between neuronal and endothelial cells may regulate vascular tone.>®
There remains a compelling need for investigating these kinds of innervations
mechanism in the lungs and much is already learned from the innervations studies
which have been done with radiolabeled MIBG in the heart.
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It is now well established that the lungs of many species actively take up circulating
biogenic amines such as serotonin and norepinephrine.” Animal models showed that
injured endothelial cells have a decreased ability to extract norepinephrine.8 In 1999,
Sakami et al.’ compared MIBG imaging and plasma norepinephrine concentration
between patients with COPD and normals. They showed that plasma norepinephrine
in COPD was higher than in the controls and that patients with COPD have significant
sympathetic nervous impairment of the left ventricle myocardium as a result of
generalized sympathetic overactivity. It has been demonstrated that increased
sympathetic activity can contribute significantly to myocardial infarction, arrhythmia
and heart failure and that adrenergic blockade can be used as a therapy.10

Scintigraphy

Scintigraphic assessment showed evidence of diminished uptake of 'Z1_MIBG in the

lungs of patients suffering from copPp”", but also in patients with pulmonary
fibrosis'?, vasculitis', high altitude pulmonary edema™*", chronic hypoxia'® and after
radiotherapy.'” In other diseases, increased or prolonged retention of MIBG have
been shown. This was observed in patients with diabetes'®", in Behget’s disease®,
and in patients with chronic heart failure.”* Furthermore the decreased lung washout
rate of MIBG was related to the severity of pulmonary hypertension.21 Increased or
decreased uptake in the lungs, either homogeneous or not, is easily detected on a
scintigram (Figure 2.1) and can be quantitated. It has been reported that plasma

norepinephrine kinetics in sympathetic nerve terminals may change with age.”**

Figure 2.1  Metaiodobenzylguanidine and sarcoidosis.
Anterior chest radiograph, transaxial CT slice and planar anterior image of the thorax made of
a patient with active sarcoidosis disease 4 h after intravenous injection of 185 Mbq
|-metaiodobenzylguanidine (MIBG). Note the remarkable irregular distribution of MIBG in
the lungs.
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Lung uptake of MIBG involves a sodium-dependent energy-requiring active
transporter located in the endothelial cell membrane and changes in uptake can be
due to changes in lung endothelial cell integrity of pre and postcapillary vessels and
pulmonary veins.”* Uptake by nerve endings is negligible.”> After uptake in the
endothelial cells, norepinephrine is rapidly degraded by monoamine oxidase and
catechol O-methyl transferase (COMT).** In this way, the lungs are capable to regulate
the amount of circulating norepinephrine. A decrease of around 20% in the uptake of
MIBG in the lungs was observed both in a rat model after bleomycine® and in a rabbit
model after amiodarone-induced pulmonary toxicity.26 Because the lung endothelium
has no vesicles and cannot store norepinephrine, the clearance of *’I-MIBG from the
lung is relatively rapid compared to that of the heart.”’” Of great interest in this respect
is the study from Lee et al.”® who investigated the characteristics and regulation of
'Z1_MIBG transport in cultured pulmonary endothelial cells. A 50% percent wash-out
was observed after 2 h. This time dependency is of importance and very few studies
pay attention to this effect. As seen in Figure 2.2, uptake of MIBG in the lungs,
5 minutes after intravenous injection, has already shown different distribution
patterns in patients with sarcoidosis. Lung uptake and washout of MIBG in sarcoidosis
is diminished as described by Jonker et al.”’

Figure 2.2 Dynamic metaiodobenzylguanidine scintigraphy.
Posterior images of the thorax made in five patients with sarcoidosis, directly (5 minutes)
after intravenous injection of 185 Mbq *’I-metaiodobenzylguanidine (MIBG). Arrows point to
the heart uptake of MIBG. Note the different uptake patterns of MIBG in the lungs, reflecting
different MIBG uptake in the endothelial cells of the lungs.
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In sarcoidosis and other autoimmune diseases in which cardiac autonomic dysfunction
is involved, a change in MIBG uptake can appear. Cardiac sympathetic nerves take up
23|_.MIBG. This permits visualization of the presynaptic sympathetic innervation of the
heart. Defects on MIBG scans in sarcoidosis have been reportedSHS, but, to date, the
underlying mechanism has remained unclear. One possible explanation postulated is
that local ischemia or myocardial inflammation may play an important role. Recently,
it was found that small fibre neuropathy (SFN) occurs frequently in sarcoidosis.>*
Moreover, an imbalance in sympathetic tone is considered to increase the propensity
for developing ventricular arrhythmias in various cardiac diseases and conditions.*
Autonomic dysregulation might contribute to fatal arrhythmias and unexplained
sudden death in sarcoidosis. It is known from patients with neuropathy that the
involvement of small autonomic nerve fibres is a predictor of cardiovascular
mortality.** Sudden death is a rare, but dramatic complication.’® In the case of
sarcoidosis, it is thought to be due mainly to cardiac involvement. Active
granulomatous infiltration and resulting myocardial fibrosis are considered to be the
substrate. Cardiac sympathetic dysfunction, assessed by use of myocardial *’I-MIBG
scanning, appears to be heterogeneous in sarcoidosis patients and dependent on the
presence or absence of SFN.* In 18 out of 47 (38%) of these cases, mild-to-moderate
heterogeneity of ’I-MIBG uptake in the myocardium was demonstrated. Cardiac
sympathetic nervous system abnormalities detected by 'Z1_.MIBG have a predictive
power in ventricular tachyarrhythmia, assessing prognosis in patients with chronic
heart failure and assessing the risk of sudden death as shown in very recent
studies.”**

For correct interpretation of the results of MIBG scintigraphy, one should be aware of
drug interference. Many drugs such as opioids, tricyclic antidepressants,
sympathomimetics, antihypertensives and some anti-psychotics are known to
interfere with the uptake and/or vesicular storage of 2|_.MIBG and those drugs should
be discontinued for an adequate time prior to imaging.”

Conclusion

MIBG uptake and washout is a dynamic process and, therefore, implies appropriate
timing for imaging and quantifying the neuronal accumulation. Imaging with MIBG in
pulmonary diseases showed different patterns, probably related to disturbances in
vascular endothelial function, but probably also related to the used imaging
procedures and the vascularization status of the lungs and heart. Focusing on the
lungs, we can say that changes in MIBG uptake and excretion can not be reliably
differentiated on only one MIBG image, but serial or dynamic images are needed. Till
now the imaging procedure has not been standardized, which makes interpretation
and judging the clinical value difficult, if not impossible. Standardized, full dynamic
acquisition with three-dimensional visualization of the MIBG uptake in the lung area
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has never been performed. With single photon emission computed tomography-
computed tomography (SPECT-CT) or positron emission tomography-computed
tomography (PET-CT) with 2_.MIBG, we have the tools to perform these studies of
dynamic MIBG uptake in the lungs and heart in more detail. Lung perfusion and
additional MIBG studies in humans has never been published. However, perfusion and
MIBG studies from the heart often show mismatch of images, with normal perfusion
of the heart and with clear innervation abnormalities observed by MIBG uptake. In
our opinion, MIBG scanning of the lungs and heart is just started. However, the
possibilities and instrumentation are available to investigate the relation between
neuropathy and pulmonary and cardiac diseases in much more detail.
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