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Abstract. The aim of this study was to describe the ana-
tomical structures that show uptake of the somatostatin
analogue octreotide in patients with thyroid-associated
orbitopathy (TAO). The study population comprised a
series of 20 TAO patients attending the out-patient thy-
roid clinic and 12 patients presenting head or neck tu-
mours. Scintigraphy was carried out with our newly de-
veloped tracer, technetium-99m labelled EDDA-HY-
NIC-TOC (99mTc-TOC). Morphological imaging was
done with either magnetic resonance imaging or X-ray
computed tomography without contrast medium. Both
imaging procedures were done within an interval of 3–4
weeks. For the image fusion procedure, specific external
reference markers were used for each imaging modality.
The markers were screwed onto a reference frame,
which was held in place via a vacuum-fixed mouthpiece.
The anatomical structure showing tracer uptake that was
most frequently recognised was the lacrimal gland, fol-
lowed by the retronasal area, cervical lymph structures,
salivary glands, the anterior insertion points of the extra-
ocular muscles and discrete areas of the neck extensor
muscles. The lacrimal gland and the retronasal area
showed the highest and most frequent uptake of 99mTc-
TOC in TAO patients, whereas such uptake did not occur
in the retrobulbar space. In spite of knowledge of these
results of image fusion, no changes in the involved struc-
tures could be detected on morphological imaging. It is
concluded that binding of 99mTc-TOC is more frequently
localised to the anterior compartment of the eye and to
the neck. The previously used term “orbital” uptake

should be abandoned and replaced by a descriptive term
relating to the anatomically recognised structure showing
tracer accumulation, i.e. the lacrimal gland. The uptake
of octreotide by lymphoid and salivary glands opens a
new field of investigation related to the physiology of
somatostatin.
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Introduction

Thyroid-associated ophthalmopathy (TAO) has been re-
cognised as a clinical entity for more than 150 years [1].
The basic clinical picture of TAO has not changed since
these initial descriptions. Morphological imaging tech-
niques, e.g. computed tomography (CT) and magnetic
resonance imaging (MRI), can document involvement of
the extra-ocular muscles as well as anterior displacement
of the lacrimal gland [2, 3]. Functional imaging methods
using octreotide have suggested the involvement of im-
munological mechanisms in the orbital region. Tracer
uptake has been shown to be amenable to modulation by
immunosuppressive therapy. In addition, probable in-
volvement of the lacrimal gland has been described [4].
In spite of these results, several recent reviews have
pointed out the need for further investigation into the
pathophysiology of this disease [5]. Recent technical de-
velopments have paved the way for a new analysis of
this situation. The first improvement was the develop-
ment of a technetium-99m labelled octreotide tracer [6].
The second improvement was the development of a
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highly reproducible method for image fusion analysis
based on an external reference frame [7]. The aim of this
study was to identify the anatomical structures depicted
with 99mTc-EDDA-HYNIC-TOC (99mTc-TOC) in pa-
tients with early-stage TAO by means of image fusion
analysis.

Materials and methods

External reference frame for image fusion. The system (Medical
Intelligence, Schwabmünchen Germany) consists of the SIP Labo-
ratory, Innsbruck reference frame, reproducibly connected to the
Vogele-Bale-Hohner (VBH) vacuum mouthpiece. The methodolo-
gy of image registration has been described previously [7]. For
different imaging modalities, identical reference frames are
equipped with modality-specific markers (americium-241 for nu-
clear medicine, nitroglycerin for MRI and glass beads for CT)
placed at identical positions. Based on the external markers, the
resulting datasets are manually registered using commercially
available software (Framelink/Cranial; Stealth navigation system,
Medtronic, Boulder, Colo., USA).

Radionuclide and morphological imaging. The imaging proce-
dures were carried out according to the previously published
methods for 99mTc-TOC [4, 6]; 370 MBq of tracer was adminis-
tered intravenously. Free 99mTc accounted for a maximum of 3%.
Whole-body imaging was done at 4 h p.i., followed by single-pho-
ton emission tomography (SPET) imaging of the head (60 steps,
35 s/step, 128×128 matrix). Conventional tomographic imaging
was done with either MRI (Magneton Vision, 1.5 Tesla, Siemens)
or computed axial tomography (GE Advance CT) without contrast
media.

TAO patients. A series of 20 consecutive patients referred to the
out-patient thyroid unit of the Department of Nuclear Medicine of
the University of Innsbruck were included in the study. The inves-
tigational protocol was approved by the local Ethics Committee.
The majority of patients were studied at an early stage of the dis-
ease owing to the awareness of the clinicians involved (Thyroid
Unit). This awareness has arisen from our initial observations,
which revealed “orbital” uptake even in patients without clinically
evident TAO [4]; thus, patients with peri-orbital swelling were
studied early in the course of the disease. Only three patients were
referred after having had signs and symptoms of TAO for more
than 6 months. All patients were euthyroid at the time of the ex-
amination.

Controls. A series of 12 patients undergoing the same diagnostic
procedure for brain tumour or paraganglioma were included. In
one patient with a paraganglioma, who presented a tumour mass at
the right carotid artery, a dual-tracer study was carried out. First a
99mTc-SPET study was done, followed later by the 99mTc-TOC
study and by CT with contrast media. In this special case, exact
localisation of the paraganglioma in relation to the right lobe of
the thyroid was required.

Results

Controls

This group of patients revealed rather faint uptake of
99mTc-TOC in the nasal area as well as along the lacrimal
gland. The dual-tracer study on the patient with a para-
ganglioma allowed us to differentiate “unspecific” up-
take of pure 99mTc, equivalent to free 99mTc, from that of
99mTc-TOC (Fig. 1). The paraganglioma on the right side
of the neck showed intense uptake of both tracers. The
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Fig. 1A–C. Distribution of pure 99mTc and 99mTc-TOC in the only
patient studied with contrast-enhanced CT. A CT with contrast
medium: The left mandible is easily recognisable on all images.
The right image clearly shows arterial and venous vessels.
B 99mTc-SPET: Tracer distribution is rather faint and homogene-
ous in the neck region. C 99mTc-octreotide SPET: uptake of 99mTc-
octreotide is clearly localised to the submandibular gland, as well
as to the sublingual salivary glands



thyroid showed normal uptake of 99mTc, and only the left
thyroid lobe showed preferential uptake of 99mTc-TOC;
in this lobe an ultrasound control revealed a pattern con-
sistent with autoimmune changes. In the nasal and orbit-
al regions, faint but homogeneous distribution of 99mTc,
but not of 99mTc-TOC, could be seen, while submandibu-
lar glands and lymphoid structures only showed 99mTc-
TOC uptake (Fig. 1C).

Evaluation of SPET images in TAO

Image fusion analysis revealed that the following ana-
tomical structures showed tracer uptake: (1) the lacrimal

gland, (2) the retronasal region, (3) neck lymphatics and
(4) the salivary glands. Tracer uptake in the retro-orbital
space or in the extra-ocular muscles was seen in very
few cases. A special uptake pattern in TAO patients was
located in nuchal muscles. In the three cases of long-
standing TAO without clinical signs of activity, 99mTc-
TOC uptake was low and comparable to the level seen in
the control group.

The majority of the patients showed uptake in the lac-
rimal gland corresponding to the clinical expression of
the disease, i.e. the side presenting soft tissue swelling
also revealed tracer uptake in the lacrimal gland (Fig. 2).
Coronal slices were the most adequate in showing this
involvement. Together with the lacrimal gland, the area
of the lower eyelid also showed tracer uptake. The pres-
ence of both patterns represents the “eye glass sign”
(Fig. 3A). In some cases, a typical pattern was found
when both the superior and inferior recti muscles were
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Fig. 2. Comparative presentation of the clinical signs in relation to
the image fusion results. The patterns of “eyelid swelling” corre-
spond to the distribution of 99mTc-TOC. The intensity of the sci-
ntigrahic images has been chosen in order to stress the relation of
the lacrimal gland to the bony structures of the orbit. At the upper
lateral orbit, the area showing 99mTc-TOC uptake corresponds to
the lacrimal gland in the fossa lacrimalis. In the midline, both the
nasolacrimal ducts as well as the nasal area can be recognised

Fig. 3A–E. Summary of the most frequent patterns of uptake of
99mTc-TOC. A Eye glass and hot nose signs: uptake in the lacrimal
gland, the accessory lacrimal glands, the lacrimal ducts, the lacri-
mal sac, the naso-lacrimal ducts and the nasal area. B “Scissors”
sign delineating eye muscles that show tracer uptake. The retro-
bulbar soft tissues show no uptake. C Eye muscle displacement
without tracer uptake.D W and omega (Ω) signs of the joint dem-
onstration of salivary and lymphoid glands. The ‘W’ appears as a
continuous line of demarcation between the head and the neck.
E Nuchal uptake located to muscular structures



depicted, forming the so-called scissors sign (Fig. 3B).
In some cases, displacement of retro-orbital muscles was
seen only on the morphological images, without a corre-
lation on functional imaging (Fig. 3C). Quite often an in-
terwoven uptake was found in the ventral area of the or-
bit, i.e. in the area of ventral muscle insertion; this was
especially evident in the upper part of the eye bulb,
where the lacrimal gland is located. The image fusion
analysis revealed that the uptake seen in the retronasal
space corresponded to the area where the nasal mucosa
is expected. In TAO patients, this uptake was usually
asymmetrical, i.e. preferential uptake was seen on either
the left or the right side. Adjacent SPET slices showed a
connection between the retronasal space and the lacrimal
ducts (Fig. 3A). Besides these structures, we were also
able to identify tracer uptake in neck lymphatic struc-
tures as well as salivary glands. The lymphatic glands
that were recognised were the palatine, lingual, pharyn-
geal and tonsillary structures. In one case we were able
to recognise a pattern suggestive of tonsillitis (confirmed
by ENT examination). The optical sum of all of these
structures resembled a “W” beginning with the parotids
and continuing with the submandibular glands, lymphoid
glands and sublingual glands (Fig. 3D). When the uptake
in the parotids was low, the central part resembled an
omega (Ω). Finally, we were able to identify tracer up-
take in nuchal muscles. These areas of uptake were usu-
ally very small and discrete (Fig. 3E).

Morphological imaging did not reveal any pathologi-
cal changes in the lacrimal glands, the retronasal area,
the neck lymphatics, the salivary glands or the nuchal
muscles.

Discussion

A large number of studies have revealed the imaging ca-
pability of the octreotide analogue 111In-OctreoScan
(Mallinckrodt, Petten, The Netherlands) in patients with
TAO. In this study, however, we used a newly devel-
oped octreotide analogue, 99mTc-TOC [6], in combina-
tion with precise image fusion procedures [7]. In order
to eliminate any doubts about the specific uptake of this
octreotide analogue, we showed in a sequential dual-
tracer study that the distribution of 99mTc-TOC differs
from that of pure 99mTc. Thus, even considering the
small amount of free 99mTc in 99mTc-TOC, it will surely
not produce confounding images. This approach al-
lowed us to clearly recognise the anatomical structures
in the head and neck that present somatostatin receptors.
Among these, the salivary and lymphoid glands have
not previously been described as being somatostatin re-
ceptor positive.

We consider the uptake in the lacrimal gland to be the
central result of our study. We feel that recognition of
this phenomenon enables us to explain the real mecha-
nism underlying the classical sign of upper and lower

“lid swelling”, which is clinically evident in some pa-
tients in the form of the “eye glass sign”. In accordance
with our initial hypothesis that an immune mechanism is
involved in the pathophysiology of TAO [4], we tend to
interpret the uptake in the lacrimal gland area as an ex-
pression of an immunological reaction. The lacrimal
gland system is an immunocompetent system which is
summarised in the term mucosa-associated lymphoid tis-
sue (MALT) [8, 9, 10]. Lymphatic flow from the lacri-
mal gland, as well as from the orbit, can be followed into
the cervical lymphatic areas [11]. The uptake in the
nuchal area is puzzling since it does not correlate to any
known sign or symptom of TAO. We explain this uptake
as a focal inflammatory reaction of the neck extensors
due to the postural changes corresponding to myofascial
pain syndrome [12].

In conclusion, a wide range of structures in the head
and neck area show uptake of 99mTc-TOC in patients
with TAO. The most relevant site appears to be the lacri-
mal gland, which clinically corresponds to eyelid swell-
ing. The identification of octreotide uptake in the lym-
phatic and salivary glands reveals a new aspect of the
physiology of these organs as well as that of somatosta-
tin. The role of the neck lymphatics and the salivary
glands in relation to the diagnosis and therapy of TAO
remains to be elucidated.
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