
AND 

MR IMAGING 

MIBG SCINTIGRAPHY 

 
 

PARAGANGLIOMAS 

V
a
r
 

G
L
I
O
M
A
S
 

WINS 
IMAGING 

AND 
MIBG 

SCINTIGRAPHY 
A.P.G 

 
 

 
 

A.P.G. van Gils 

_van 
Gils 

_ 

 



PARAGANGLIOMAS 

MR IMAGING AND MIBG SCINTIGRAPHY



PARAGANGLIOMAS 

MR IMAGING AND MIBG SCINTIGRAPHY 

PROEFSCHRIFT 

TER VERKRIJGING VAN DE GRAAD VAN DOCTOR 

AAN DE RUKSUNIVERSITEIT TE LEIDEN, 

OP GEZAG VAN DE RecTOR MAGNIFICUS DR. L. LEERTOUWER, 

HOOGLERAAR IN DE FACULTEIT DER GODGELEERDHEID, 

VOLGENS BESLUIT VAN HET COLLEGE VAN DEKANEN 

TE VERDEDIGEN OP DONDERDAG 27 JANUARI 1994 

TE KLOKKE 16.15 UUR 

DOOR 

Adrianus Petrus Gerardus van Gils 

geboren te Diessen in 1955



Promotiecommissie: 

Promotoren: 

Referent: 

Overige leden: 

Prof. Dr. E.K.J. Pauwels 

Prof. Dr. T.H.M. Falke (Vrije Universiteit van 
Amsterdam) 

Dr. C.J.M. Lips (Rijksuniversiteit Utrecht) 

Prof. Dr. P.H. Schmidt 

Prof. Dr. J.L. Bloem 

voor Liesje en Loesje



©1994 A.P.G. van Gils, Leiden, The Netherlands. 

All rights are reserved. No part of this publication may be reproduced or 
transmitted in any form or by any means, electronic or mechanical, including 
photocopy, recording, or any information storage and retrieval system, 
without permission in writing from the copyright owner. 

Cover design and lay-out by J.J. Beentjes. Preparation of the photographic 
material by J.J. Beentjes, G. Kracht & R.A.M. van Dijk. 
Karstens Drukkers bv, Leiden, The Netherlands. 

CIP - GEGEVENS KONINKLIJKE BIBLIOTHEEK, DEN HAAG. 

Gils, Adrianus Petrus Gerardus van 

PARAGANGLIOMAS: MR imaging and MIBG scintigraphy / 
Adrianus Petrus Gerardus van Gils; [ill. J.J. Beentjes, et al.]. - [S.1 : s.n.J 

Proefschrift Leiden. - Met lit. opg. - Met samenvatting in het Nederlands. 
ISBN 90-9006728-0 
Trefw.; Paraganglioma / Magnetic Resonance Imaging / nucleaire genees- 
kunde. 

( ONTENTS 

1. INTRODUCTION 11 

1.1. General 

1.2. Goal of the study 
1.3. Outline of the thesis 

1.4. References 

2. THE PARAGANGLIONIC SYSTEM 15 
2.1. Anatomy and pathology 
2.2, Clinical aspects 
2.3. Imaging procedures 

Metaiodobenzylguanidine scintigraphy 
Magnetic resonance imaging 

2.4. References 

3. 1-123 METAIODOBENZYLGUANIDINE SCINTIGRAPHY IN PATIENTS WITH 

PARAGANGLIOMAS OF THE HEAD AND NECK REGION 33 

3.1. Introduction 

3.2. Material and methods 

Scintigraphy 
Computer tomography 
Magnetic resonance imaging 
Catecholamine measurements 

3.3. Results 

3.4. Discussion 

3.5. References 

4, MR IMAGING AND MIBG IMAGING OF PHAEOCHROMOCYTOMAS 

AND EXTRA-ADRENAL FUNCTIONING PARAGANGLIOMAS 47 

4.1. Introduction 

4.2, Clinical and radiological characteristics 
Clinical characteristics 

Radiological characteristics



4.3. Material and methods 

44. Results 

Lesion detection 

Tumour characterization 

4.5. Discussion 

4.6. Proposed protocol for MR imaging examination 
4.7. Conclusions 

4.8. References 

MR IMAGING SCREENING OF KINDRED AT RISK OF DEVELOPING 

PARAGANGLIOMAS 69 

5.1. Introduction 

5.2. Patients and methods 

Patients 

Magnetic resonance imaging 

Catecholamine measurements 

Scintigraphy 
Statistical analysis 

5.3. Results 

Glomus tumours 

Functioning paragangliomas 
Hereditary aspects 

5.4. Discussion 

5.5. References 

QUANTITATIVE EVALUATION OF GADOPENTETATE DIMEGLUMINE 

PERFORMANCE IN MR IMAGING OF HEAD AND NECK PARAGANGLIOMAS 

INCLUDING AFROC ANALYSIS 81 

6.1. Introduction 

6.2. Material and methods 

Patient selection 

MR imaging technique 
Image interpretation 
Statistical analysis 

6.3. Results 

Image findings 
Comparison of MR imaging pulse sequences 

64. Discussion 

6.5. References 

7, GENERAL DISCUSSION 
7.1. Introduction 
7.2. Merits and demerits in perspective 
7.3. Future directions and developments 
7.4. References 

8. SUMMARY 

9. SAMENVATTING 

LIST OF OWN PUBLICATIONS USED IN THIS THESIS 

ACKNOWLEDGEMENTS 

CURRICULUM VITAE 

95 

103 

107 

111 

113 

115



INTRODUCTION 

1.1. GENERAL 

Paragangliomas are tumours originating from the autonomic nervous sys- 
tem and are potentially capable of catecholamine production. Although rare 
in the general population (estimated incidence 0.001% - 0.002%) they carry a 
considerable risk to those affected [1]. In these patients there is a marked 
tendency towards multiple tumours, occurring simultaneously or consecu- 
tively over an extended period [2-4]. At least 10% of the patients has a family 
history of paraganglioma occurrence. Familial cases demonstrate a higher 
incidence of multiple lesions compared to non-familial cases. Patients with 
sporadic or familial paragangliomas may also have associated disorders 
such as neurofibromatosis, von Hippel-Lindau disease, multiple endocrine 
neoplasia syndromes (MEN IT and MEN III), and other endocrine tumours 

including islet cell tumours, pituitary tumours, carcinoid tumours and aldos- 
teronomas [5]. 

Initially, paragangliomas are often small and extremely slow-growing 
and hardly cause symptoms. However, early diagnosis and treatment of 
new cases as well as new lesions and associated diseases in known patients 
is important since tumour growth may eventually lead to destruction of 
adjacent structures and to harmful hormonal activity [6]. Given early and 
adequate localization, surgical cure is certainly possible in 90% of cases [6-8]. 

From a clinical point of view, paragangliomas are divided into those 
originating in the head and neck area and those that arise in the trunk. The 
former, also known as chemodectomas, are often first encountered by the 
otolaryngologist, the general surgeon or the neurosurgeon, when the patient 
presents with a mass lesion in the neck, hearing loss, pulsatile tinnitus or 
paralysis of cranial nerves. Hormonal activity is only rarely at the forefront, 
but should always be evaluated, because of the catastrophic results of surgery 
in unidentified cases [9]. Choice of treatment depends primarily on site and 
size of the tumour. Paragangliomas in the neck are best resected when small, 
whereas paragangliomas of the skull base require a ‘wait and see’ policy [6]. 

Paragangliomas of the trunk, commonly referred to as phaeochromocy- 
tomas are usually first seen by the endocrinologist due to the symptoms of
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hormonal over-activity. Surgical therapy is mandatory, irrespective of site 
and size. 

Even though the majority of these tumours originates in the adrenal medul- 
la, they may be situated anywhere from the base of the skull to the bladder. 
In patients with adrenal paragangliomas it is therefore common practice to 
perform extensive surgical exploration of multiple predilection sites in the 
retroperitoneum and pelvis [10]. Confident preoperative localization of sym- 
pathomedullary disease justifies posterior adrenalectomy without extensive 
surgical exploration in most patients, reducing the average hospitalization 
from 16 to 6 days [11]. It has been shown that morbidity and mortality rates 

associated with surgery decrease if extensive surgical exploration is replaced 
by reliable preoperative localization of all functioning paragangliomas pre- 
sent (11, 12]. Uncontrollable hypertension or even sudden death may not only 
occur during surgery, including minor unrelated surgery, but also during 
diagnostic procedures such as angiography or venous catheterization [13-15]. 

For both tumour types, a non-invasive, highly sensitive and specific imag- 
ing modality could thus play a major role in the detection and localization of 
paragangliomas, in the periodic examination of persons at risk of developing 
these tumours and in the monitoring of paragangliomas of the skull base. 

Of the anatomic radiographic techniques, computed tomography (CT) has 
until recently been the most widely used initial screening procedure for visu- 
alization of paragangliomas [16]. However, CT is limited in its ability to 
localize extra-adrenal sources of catecholamine excess, due to cumbersome 
‘salami technique’ (limited area of examination), low contrast resolution in 
the neck and skull base and inherent ionizing radiation. In addition, CT is 

also restricted in its ability to provide a specific diagnosis independent of 
clinical and biochemical findings. 

1.2. GOAL OF THE STUDY 

In recent years, the non-invasive imaging techniques magnetic resonance 
(MR) imaging and metaiodobenzylguanidine (MIBG) scintigraphy have be- 
come available for the diagnosis of paraganglionic tumours. The relative 
roles of these techniques are presently under debate. MIBG has been found 
accurate in the localization of functioning paragangliomas [17]. MR imaging 
has shown great potential both with regard to adrenal lesions and paragan- 
glionic tumours situated at extra-adrenal sites [18, 19]. 

The purpose of this thesis is to explore and evaluate MR imaging and 
MIBG scintigraphy as procedures for detecting functioning as well as non- 
functioning paragangliomas and screening of at-risk persons. It also at- 
tempts to determine the relative roles of these techniques and the extent to 
which they can replace more invasive diagnostic procedures. 
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1.3. OUTLINE OF THE THESIS 
The study is presented in eight chapters. 

CHAPTER 1 includes the introduction, aim and outline of the study in- 

volved. 
CHAPTER 2 discusses relevant anatomical, clinical and pathological aspects 

of paraganglionic tumours, with an introduction to MR imaging and MIBG 
scintigraphy of paragangliomas. 

CHAPTER 3 reports on an MIBG scintigraphy study of 15 patients with 
head and neck paragangliomas. The serendipitous detection of functioning 
paragangliomas and phaeochromocytomas is discussed. 

CHAPTER 4 provides the results of a comparative study of MR imaging and. 
MIBG scintigraphy in the detection of paragangliomas. The merits and 
demerits of both procedures are compared and illustrated by exemplary 
cases. 

CHAPTER 5 deals with the application of MR imaging to the screening of a 
large kindred group at risk of developing paragangliomas. 

CHAPTER 6 presents a comparison of gadopentetate dimeglumine-en- 
hanced and unenhanced MR imaging of paragangliomas of the head and 
neck. 

CHAPTER 7 comprises a general discussion on the use of MR imaging and 
MIBG scintigraphy for imaging paragangliomas. The complementary role of 
both modalities is discussed. 

CHAPTER 8 contains an English summary of this thesis. 
CHAPTER 9 contains a Dutch summary of this thesis. 
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THE PARAGANGLIONIC SYSTEM: 
CLINICAL ASPECTS AND 

NON-INVASIVE IMAGING PROCEDURES: 

2.1. ANATOMY AND PATHOLOGY 

Paragangliomas are tumours emanating from paraganglion cells which lie 
adjacent to the ganglia and plexuses of the autonomic nervous system. The 
autonomic nervous system consists of two complementary divisions with 
contrasting functions - the sympathetic and the parasympathetic systems. 
The pre-ganglionic, efferent fibres of the sympathetic system emerge from 

thoracic and lumbar spinal nerves 
(thoraco-lumbar outflow) and 
terminate in ganglia in the para- 
spinal sympathetic trunks, nearby 
plexus sites or in the adrenal 
medulla (figure 2.1). In contrast, the 

pre-ganglionic, efferent fibres of the 
parasympathetic system emerge 

from cranial nerves and sacral spinal 
f nerves (cranio-sacral outflow) and 

terminate in ganglia very close to or 
within the walls of the innervated 

a é 

YoY 

  

     
structures (figure 2.2). 

The autonomic nervous system 
22 . . 

eas comprises central regions of neural 
Figure 2.1, Distribution of orthosympathetic sys- ; P a 6 SEES 
tent. integrations and peripheral nerves, 
Figure 2.2, Distribution of parasympathetic ganglia and plexuses providing 
chemoreceptor system. The sacral outflow is not 5 ; ‘ 

shonii: innervation to viscera, glands, blood 
vessels and smooth muscle. 

Generally speaking, this system maintains internal homeostasis by 
regulating vegetative or automatic functions. Body metabolism, 
temperature, respiration, circulation and certain endocrine glands are 
largely under autonomic nervous control. 

        
  

  * Based on: Non-invasive imaging of functioning paragangliomas (including phaeochromo- 
cytomas). APG van Gils, T Falke, AR van Erkel, CJH van de Velde, EK] Poa. In Front 
Eur Radiol 1990;7:1-38, and on: Magnetic resonance imaging of functioning paragangliomas. 
THM Falke, APG van Gils, AP van Seters, MP Sandler. Magn Reson Q 1990;6:35-64.
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Autonomic neural impulses of both parasympathetic and sympathetic 
preganglionic fibres are transmitted by release of acetylcholine at the nerve 
end, which is located in the ganglia. Acetylcholine is also the principal 
transmitter of the peripheral parasympathetic nerves. Norepinephrine is the 
principal neurotransmitter of the peripheral sympathetic nervous system. 
Epinephrine is the predominant catecholamine synthesized in and released 
from the adrenal medulla (basically a ganglion without axonal extensions). 

Much confusion has resulted from the indiscriminate and often inconsis- 
tent use by various authors of the terms ‘paraganglioma’, ‘phaeochromo- 
cytoma’, ‘chromaffinoma’ , ‘chemodectoma’ and ‘glomus tumours’. It is 
therefore necessary to give a brief account of the classification of these 
tumours. 

Former classifications relied heavily on the affinity of paraganglion tissue 
for dichromate salts [1]. Tumours arising from chromaffin cells in the 
adrenal medulla or in pre-vertebral and peripheral sympathetic ganglia 
were designated as phaeochromocytomas or chromaffinomas. Extra-adrenal 
tumours were often collectively termed ‘ectopic phaeochromocytomas’. 
Adrenal and extra-adrenal phaeochromocytomas were particularly 
associated with the production of clinically significant catecholamines. 

The non-chromaffin tissue chiefly comprised the carotid body, the 
aorticopulmonary paraganglia and the paraganglion structures associated 
with the lower cranial nerves such as the glomus jugulare and the vagal 
body. These were and still are taken to function as chemoreceptors in the 
reflexogenic regulation of the cardiopulmonary system. The chemodec- 
tomas, also called glomus tumours, were taken to arise largely from these 
structures and seldom to give rise to the production of catecholamines. 

The paragangliomas in these classifications formed an ill-defined residual 
group of tumours arising from non-chromaffin cells but clinically 
resembling phaeochromocytomas. 

It has, however, long been known that the chromaffin reaction is unsatis- 

factory as staining is frequently unpredictable and because chromaffin 
positivity of a paraganglioma does not reliably correlate with the pharma- 
cological effects produced by the tumour [2]. Furthermore, it has been found 
that while a number of chromaffinomas are physiologically silent, occasional 
tumours arising from the carotid body systems are pharmacologically active 
[3]. Several studies have indicated that a rigid separation between chromaf- 
fin and non-chromaffin tumours can no longer be maintained [2, 4, 5]. 

In 1974 Glenner and Grimley devised a new classification of the para- 
ganglion system [2]. This included tumours of both adrenal and extra- 
adrenal tissue, the chemodectomas and morphologically similar tumours 
arising in widely dispersed locations. In their approach, the adrenal medulla 
is part of the paraganglion system and its tumours, i.e. the phaeochromo- 
cytomas, may be either functioning or non-functioning. 
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The tumours of the extra-adrenal paraganglion system, including those 
deriving from chemoreceptors, are anatomically subdivided by Glenner and 
Grimley as originating from four families of paraganglia: 

1. Branchiomeric, including in particular the paraganglionic chemo- 
receptors of the carotid body and the glomus jugulare 

2. Intravagal 
3. Aorticosympathetic, including the para-aortic bodies of Zuckerkandl 

and the extramedullary chromaffin tissue related to the sympathetic 
chain and ganglia 

4, Visceral-autonomic, situated in thoracic and abdominal organs. 

The WHO classification [6], to which we broadly conform, comprises the 
following categories: 

1, Phaeochromocytomas, i.e. tumours arising from the adrenal medulla 
2. Sympathetic paragangliomas arising from neuroendocrine cells 

associated with the sympathetic chain 
3. Parasympathetic paragangliomas which are generally non-chromaffin 

and include the branchiomeric, vagal and visceral autonomic 
paragangliomas 

4. Paragangliomas not further specified. 
All paraganglia store catecholamines sequestered in the dense core 

vesicles of their tumour cells. The tumours to which they give rise may 
either be catecholamine-secreting or non-functioning. Phaeochromocytomas 
are hormonally active in more than 90% of cases. In contrast, about 50% of 
sympathetic paragangliomas are active and, although personal experience 
indicates a higher percentage, parasympathetic paragangliomas are sup- 
posed to be active in about 1% of cases [7]. 

About 80% of the functioning paragangliomas is located in the adrenal 
medulla (phaeochromocytomas proper). Another 16% is located in the 
abdomen. The remaining 4% can be found in the thorax and head and neck 
area [8]. Bilateral phaeochromocytomas occur in from 5% to 10% of cases. 

About 10% of patients has a family history of paraganglioma occurrence. 
These familial tumours demonstrate a tendency towards multiplicity and 
bilaterality of up to 35%. This tendency is markedly lower with non-familial 
tumours. Among children, the incidence of bilateral tumours (30%) and 

multiple lesions (50%) is higher [9, 10]. 
Malignancy, as determined by distant spread, is said to occur in 10% of 

patients [1, 11]. It can however be argued that this percentage is too high, 
because in the region of the distribution of the autonomic nervous system 
differentiation between metastases in retroperitoneal lymph nodes and 
multiple primary tumours is almost impossible. Only when a tumour clearly 
arises outside of the autonomic nervous system distribution, can it be 
considered a metastasis beyond doubt. A somewhat lower percentage of 
malignancy therefore seems more realistic [12]. Malignancy probably occurs
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more in extra-adrenal paragangliomas and in dopamine-producing para- 
gangliomas [13, 14]. 

Patients with sporadic or familial paragangliomas may also have associat- 
ed disorders including other endocrine tumours such as islet cell tumours, 
pituitary tumours, carcinoid tumours and aldosteronomas [15]. Further 
association has been demonstrated with neuro-ectodermal disorders such as 
neurofibromatosis and von Hippel-Lindau disease [16-18]. Functioning 
paragangliomas are part of the MEN IT and MEN III syndromes [19]. The 
phaeochromocytomas in MEN patients are thought to arise from hyper- 
plastic adrenal medullae, whereas sporadic phaeochromocytomas develop 
in a normal adrenal medulla [20]. Gastric epithelioid leiomyosarcomas and 
pulmonary chondromas have been observed in combination with para- 
gangliomas [21]. 

Furthermore, the production and secretion of parathyroid hormone, 
calcitonin, gastrin, serotonin and ACTH by paragangliomas has been 
described in a small number of cases [22, 23]. 

2.2. CLINICAL ASPECTS 

As regards clinical presentation there is a clear, although not complete dis- 
tinction between paragangliomas of the head and neck, and functioning 
paragangliomas located predominantly in the thorax and abdomen, as 
already mentioned often called phaeochromocytomas. 

Paragangliomas in the head and neck, also known as chemodectomas or 
glomus tumours are highly vascular, slow-growing tumours. The four most 
common types are 1) the carotid body tumour located at the carotid bifurc- 
ation, 2) the vagal body tumour arising from nests of paraganglionic tissue 
within the perineurium of the vagal nerve near its ganglion nodosum, 3) the 
glomus jugulare tumour originating from the glomus bodies of the jugular 
bulb and 4) the glomus tympanicum tumour deriving from the glomus 
bodies of the tympanicum plexus of Jacobson’s nerve in the mucosa of the 
cochlear promontory. Carotid and vagal body tumours mostly present as a 
slow-growing mass in the upper neck with relatively few other symptoms. 
Symptoms of glomus jugulare and tympanicum tumours include pulsatile 
tinnitus, hearing loss and cranial nerve palsy as the lesion expands. A phaeo- 
chromocytoma-like syndrome occurs only rarely [24, 25]. 

Surgical removal of carotid and solitary vagal body tumours is quite pos- 
sible without major complications: the smaller the tumour, the more easy the 
resection. Usually the resection prevents future morbidity as it is almost 
always radical [26]. For jugular and tympanic glomus tumours a monitored 
‘wait arid see policy’ is considered more appropriate and surgical therapy 
should only be performed when the tumour causes progressively invalidat- 
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ing cranial nerve palsy or becomes life-threatening due to intracranial 
extension [26]. 

The clinical presentation of truncal paragangliomas is of a somewhat 
different nature and almost exclusively determined by hormonal over- 

activity. A characteristic feature of phaeochromocytomas is the production 
by the neoplastic cells themselves of pharmacologically active substances. 

This feature, however, is known to be shared on occasion both by the other 

types of paragangliomas discussed here, and by neuroblastomas and their 
differentiating derivatives. The presence of norepinephrine in phaeochromo- 
cytomas was first demonstrated by Holton in 1949 and while most tumours 
are known to secrete a combination of epinephrine and norepinephrine, the 
latter is usually released in larger concentrations than the former [27]. 
Occasionally dopamine, dopa and serotonin are synthesized by para- 

gangliomas [3, 14, 28]. 
Several diagnostic methods exist for the detection of these substances in 

plasma and urine. The sensitivity and specificity of plasma catecholamine 
measurements are limited because of the often intermittent secretion by 
paragangliomas and because intravenous sampling causes stress, which 
raises plasma catecholamines in a nonspecific way [29]. At present 24-hours 
urinary determination of free norepinephrine by gas chromatography or 
high-performance liquid chromatography (HPLC) are considered the most 
sensitive methods [17, 30]. 

The secretion of pressure amines, norepinephrine being the most impor- 

tant, by the tumour, produces the well-recognized syndrome of paroxysmal 
or permanent hypertension associated with vasomotor crises. The symptoms 
include headache, pallor, perspiration, palpitations, unusual lability of 
blood-pressure and severe hypertension. Sometimes a palpable mass is 
present [31]. 

The symptoms, entirely or in part, are episodic in the vast majority of 
cases. During each episode or paroxysm, two or more symptoms are gener- 
ally experienced simultaneously [17, 32]. The paroxysms may be sponta- 
neous or provoked by exercise, bending over, urination, defecation, pressure 
on the abdomen, palpation of the tumour, induction of anaesthesia, and 

intravenous administration of a number of drugs. In 99% of cases the mani- 
festations include at least one symptom in the triad of excessive diaphoresis, 
headache and palpitation or tachycardia [11]. 

In contrast to sporadic functioning paragangliomas, the functioning para- 
gangliomas in MEN syndromes are asymptomatic in about 50% of cases, 
especially in the early course of development, and are only diagnosed as a 
result of increased suspicion [19, 33, 34]. 

Despite fairly widespread acquaintance with the characteristics of cate- 
cholamine-secreting paragangliomas, there has been a considerable discrep- 
ancy between the frequency of clinical detection of these tumours and their 
discovery at autopsy (1:4) [31, 35). It is probable that the availability of the
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latest imaging techniques, which will be discussed in the following sections, 

has reduced the extent of this discrepancy but this has not as yet been 
established. 

Conversely, even when strict criteria are applied for the diagnosis of func- 
tioning paragangliomas (hypertension and/or spells characterized by head- 
ache, sweating, palpitations, anxiety or tremor and the presence of one or 
more abnormal measurements of the plasma or urinary catecholamine con- 
centrations), a substantial number of patients not suffering from the disease 
will inevitably be imaged. In one series of 312 patients suspected of having a 
sporadic benign phaeochromocytoma on the basis of symptoms or abnormal 
biochemical tests, it was eventually shown that 83% did not suffer from 

phaeochromocytoma and in another series of 31 patients with clinical and 
biochemical findings suggesting a functioning paraganglioma, 40% were 
found not to have such a tumour on follow-up [36, 37]. 

The paroxysmal effects of excess catecholamine production on the cardio- 
vascular system remain life-threatening until all functioning tumours are 
excised. An anterior transperitoneal approach is usual as it permits wide 
exposure and visualization of the retroperitoneal space [38]. Adequate pre- 
operative localization and delineation of a single adrenal paraganglioma, 
however, permits a postero-lateral approach thus avoiding the complica- 
tions of the transabdominal approach [12]. 

Intra-operative or postoperative hypotension and arrhythmia are grave 
risks for which the surgeon and anaesthetist must always be prepared, even 
when there are no overt functional signs or symptoms [38]. These risks can 

be reduced by tailored preoperative alfa and beta receptor blockade. 

2.3. IMAGING PROCEDURES 

When the presence of a functioning paraganglioma is suggested by bio- 
chemical measurements, accurate location of the tumour and the exclusion 
or demonstration of multiple tumours is of utmost importance to successful 
surgical therapy. 

Some of the imaging techniques used for the localization of functioning 
paragangliomas are invasive and may be hazardous, e.g. arteriography, 
venography and selective venous sampling of blood [39, 40]. Angiographic 
procedures in these patients carry a potential risk of inducing a hypertensive 
crisis or even sudden death [41]. Furthermore, angiographic examinations 
are also less suited to demonstrating in the span of one examination the 
presence of multiple tumours dispersed in the body. Because of the newer, 
non-invasive imaging techniques now available, angiography and veno- 
graphy are no longer first line imaging methods but rather used for pre- 
operative evaluation. 
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Real time sonography (US) can potentially demonstrate adrenal, retro- 
peritoneal and cervical paragangliomas but is unable to visualize mediasti- 
nal paragangliomas and paragangliomas located near the skull base [42]. In 
addition US is operator-dependent and the technique is impaired by obesity, 
gas-filled bowel loops and bone. 

For localizing paragangliomas of the adrenal gland computed tomo- 
graphy (CT) is better than US and angiography with an accuracy of 96% [43]. 
However, CT is restricted in the detection of small adrenal tumours and of 

recurrent or residual tumours after previous surgical therapy [8]. CT is also 
limited in locating extra-adrenal paragangliomas because it is impractical to 
perform whole-body CT and because of the ionizing radiation. The latter 
certainly applies when searching for paragangliomas in genetically predis- 
posed persons, in children and pregnant women [44, 45]. 

Two new techniques, metaiodobenzylguanidine (MIBG) scintigraphy and 
Magnetic Resonance (MR) imaging now open the option of imaging the 
entire region of interest in a non-invasive and feasible manner. 

Metaiodobenzylguanidine scintigraphy 

Introduction 
Metaiodobenzylguanidine is an analogue of the adrenergic neuron blocker, 
guanethidine, which was first synthesized in 1979 by Wieland at the 
University of Michigan [46]. Since the finding that its concentration in the 
adrenal medullae of dogs was sufficient to permit scintigraphic portrayal of 
such adrenergic structures, the potential of MIBG to image adrenergic 
tumours, and in particular phaeochromocytomas, has been clearly demon- 
strated [36, 47]. The molecular structure of MIBG has a number of features in 

common with the adrenergic neuron 
blocker guanethidine and the neuro- 

OW + . xy transmitter norepinephrine (figure 
on fw "wa, 2.3). Furthermore MIBG is known to 

#0 be concentrated in the same adren- 
HO I ergic granules of the adrenal 
SP we medulla cells as those in which part 

of the norepinephrine secreted by 

Fi ure 2.3. Molecilar structures of norepinephrine BXOGYTORIE 1 stored [48]. 
(ep) arid metaiodobenzylguanidine (rial). ° Metaiodobenzylguanidine causes no 

pharmacological response [49]. 
Metaiodobenzylguanidine, bearing a guanidine side chain, thus follows the 
pathways of norepinephrine without being metabolized to any appreciable 
extent [50]. Within one day 40 to 55%, and after four days up to 90% of 
MIBG can be found unaltered in the urine.
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Metaiodobenzylguanidine labelled with a radioactive isotope can be 
applied for imaging purposes. In man, only I-123 and I-13] are suitable as 
radioactive labels. The former has several advantages including superior 
physical and dosimetric properties. The photon energy of 159 KeV is more 
appropriate for modern gamma cameras and single photon emission 
computed tomography (SPECT) [51]. Furthermore 1-123 lacks beta energy. 
This results in a far better image quality (figure 2.4) together with a lower 
radiation dose (total body dose of approximately 1 mGy/37 MBq for I-131 
MIBG versus 0.2 mGy/370 MBq for I-123 MIBG) [52, 53]. However its 
shorter half-life and higher costs have limited the use of J-123 MIBG., 

MIBG uptake and distribution 
Using bovine adrenal cells in culture, it was shown by Jacques et al. in 1984 
that two pathways are involved in the uptake of MIBG by adrenergic cells. 
One mechanism, dominating at low concentrations of MIBG (1pmol) and 
norepinephrine, exhibits a number of characteristics fulfilling the criteria for 
the uptake-one system of adrenergic tissues, i.e. high affinity (Km 1.2-1.4 
umol), low capacity and saturability and dependence on sodium concentra- 
tion, an energy source and temperature [54]. 

The second mechanism, dominating at higher concentrations (MIBG > 
2 umol and norepinephrine > 20 umol) appears to be characterized by pas- 
sive diffusion of the agents. This mechanism is dependent upon temperature 
but independent of sodium concentration and an energy source, and appar- 
ently unsaturable [54]. MIBG and norepinephrine are competitive for the 
uptake-one system [55]. With the doses of MIBG used in diagnostic imaging, 
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concentrations will be low, so the uptake-one mechanism will be the pre- 
dominant in-vivo mechanism [56] 

Metaiodobenzylguanidine drawn from the cytoplasm by means of a 

ATPase-dependent proton pump is stored in the catecholamine containing 

granules [57]. 
Normal uptake by different organs of I-123 MIBG is illustrated in fig 2.4. 

In normal persons both I-123 and I-131 MIBG show high uptake in the heart, 

liver, spleen, bladder and salivary glands [58]. Most of the MIBG in the heart 

and salivary glands is concentrated in the adrenergic nerve endings, where- 

as the high concentration of MIBG in liver and bladder is due to the excre- 

tion in the biliary and urinary systems [49]. The thyroid is only visualized by 

free radiolabelled iodine if there is inadequate blockade with Lugol's solu- 

tion. With I-131 MIBG the normal adrenals are seldom imaged, whereas I- 

123 MIBG permits identification of the left adrenal in most cases [59]. The 

right adrenal is more often concealed due to high background activity from 

the liver. 
Uptake of MIBG in functioning paragangliomas and neuroblastomas is 

variable not only between patients, but even in multiple lesions within one 

patient [60, 61]. 
Bomanji et al. have shown a directly proportional correlation between the 

uptake of I-123 MIBG by paragangliomas and related tumours, and the 

number of neurosecretory granules in the tumour cell [62]. Probably as 

important as the uptake rate is the excretion of MIBG by the tumour. Von 

Moll suggested that in addition to low storage capability or the tumour’s 

inability to take up MIBG, high rates of MIBG secretion may be another 

explanation for non-visualization of phaeochromocytomas and other neural 

crest derived tumours. There is no obvious relationship between the secre- 

tion of catecholamines and MIBG uptake, as several non-functioning para- 

gangliomas (including chemodectomas) also show MIBG uptake [3, 63]. 

Several drugs, such as reserpine, cocaine, tricyclic antidepressants, 

phenylpropanolamine and labetalol are known to interfere with MIBG up- 

take [64]. This specially applies to the latter as this drug is often used in 

patients with catecholamine excess. Direct experimental evidence in animals 

and indirect evidence in humans suggests that the effect of labetalol on 

MIBG uptake is mediated via blockade of the uptake-one mechanism. 
Therapy with labetalol should be discontinued for several days before 

performing MIBG scintigraphy in order to preclude false-negative results [65]. 

Scintigraphic technique used in this study 

A dose of 370 MBg 1-123 MIBG was injected intravenously with the patient 

in the supine position. I-123 MIBG was obtained from ‘Cygne’ B.V. (Eind- 

hoven, The Netherlands). The synthesis of I-123 MIBG was performed by the 

method of Wieland et al. [66]. I-123 was produced by the Xe-124 (p,2n) reac- 

tion with specification of a maximum 1-125 impurity of 0.01% at the time of
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calibration. 1-123 MIBG (specific activity at least 925 MBq per milligram) was 
diluted in bacteriostatic phosphate buffer (pH 6.0-6.5) to a specific concentra- 
tion of at least 74 MBq/ml. The free iodine concentration was less than 0.2%. 
Thyroidal uptake was blocked by the administration of Lugol's solution, ten 
drops three times daily (50 mg of iodine) for five days, starting the day 
before the injection. 

A large field-of-view gamma camera (Toshiba GCA 90B®, Toshiba, 
Tokyo, Japan) equipped with a low energy general purpose collimator and 
interfaced to a dedicated computer (Toshiba GMS-55®, Toshiba) was used. A 
20% window was centred at 159 KeV. In all cases, anterior and posterior 
digitized images of the total body, and four images of the head and neck 
were obtained 24 hours and, in most cases, 48 hours after the injection. In 

selected cases additional single photon emission computer tomography 
(SPECT) of the head and neck area or the upper abdomen was performed 24 
hours after the injection. From the SPECT study transaxial, sagittal and 
coronal slices, 5.3 mm thick, were reconstructed 

Magnetic Resonance imaging 

Introduction 

In the course of its short history, Magnetic Resonance (MR) imaging has 
proved to be of considerable value in the portrayal of paragangliomas [8, 
44]. Gradual technical advances have largely overcome the problems of poor 
anatomical resolution resulting from physiological movement, previously 
encountered during MR imaging of adrenal gland pathology. Consequently, 
MR imaging can now detect adrenal masses at a rate comparable to that of 
CT and is superior to CT in the localization of extra-adrenal functioning 
paragangliomas [8, 67]. Major advantages of MR imaging include the 
absence of radiation hazard, outstanding image contrast and the ability to 
acquire multiplanar images and achieve accurate three-dimensional 
localization. 

Technical principles 
MR imaging is based on the principle that atomic nuclei with an odd num- 
ber of protons or neutrons (1H, 3!P, 18C, 23Na and !9F) exhibit a nuclear spin. 
For imaging purposes only the hydrogen nucleus (proton) is used. Because 
of its spin and because of its charge the proton has a magnetic dipole and 
behaves somewhat like a compass needle. In the absence of a magnetic field, 

the protons are oriented at random in the organism. When placed in a strong 
external magnetic field (called BQ), the protons tend to align parallel or 
antiparallel with the magnetic field and reach a state of equilibrium. At 
equilibrium there is a smal] excess of protons in the parallel position 
resulting in a net magnetic vector (M). Transmission of energy carried by a 
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radio-frequency (RF) pulse of a particular frequency (called the Larmor or 
resonance frequency), forces the protons to flip from their equilibrium 
position (excitation) and thus causes the vector M to precess farther away 
from the direction of the magnetic field. When excitation is interrupted, the 
protons subsequently release the absorbed energy and return to their 
equilibrium position (relaxation). During relaxation the vector M induces a 
electric current in a radio antenna surrounding the patient (body coil) or a 
part of the patient (surface or local coil). This radio signal is used to create 
images. 

The relaxation rate is determined by two independent phenomena, 
longitudinal (T1) and transverse (T2) relaxation times. T1 characterizes the 
return of the M vector to equilibrium along the longitudinal axis defined by 
BO which is a incremental process. T2 characterizes the disappearance of the 
M vector in the transverse plane, perpendicular to BO, which is a decremen- 
tal process. Both relaxation times depend in a complex way on the physical 
and chemical characteristics of the tissue. 

Signal intensity as displayed on the MR images depends on proton den- 
sity i.e. the number of protons precessing in a certain tissue volume, as well 
as on the longitudinal and transverse relaxation time. Soft-tissue contrast 
with MR imaging is largely due to differences in Tl and T2 between various 
tissues. Because variations in T1- and T2-values are so much greater than 
variations in tissue density, MR imaging provides better soft-tissue contrast 
than plain radiography or CT [68]. 

By using specific pulses at given variable time intervals (repetition time, 
TR) and with given variable sampling times (echo time, TE), specific types of 
contrast are obtained. In conventional MR imaging predominantly spin-echo 
(SE) sequences are used. A SE pulse sequence with a short TR and a short TE 
emphasizes T1 differences between tissues and is called a T1-weighted 
sequence. A SE pulse sequence with a long TR (> 1500 ms) and a long TE (> 
60 ms) emphasizes T2 differences between tissues and is referred to as a T2- 
weighted sequence. Proton density-weighted images are obtained with a 
long TR and a short TE. 

More recently, various fast imaging sequences have been and are still 
being developed and are becoming more and more important, as they make 
it possible to shorten scanning times considerably [69-71]. For now it suffices 
to mention their ability to obtain T1-, T2-, and proton density-weighted 
images. For more detailed reading on MR imaging techniques the reader is 
referred to specialized textbooks. 

MR imaging features of paragangliomas 
Paragangliomas of the head and neck can be recognized on MR images as 
clearly outlined lesions of intermediate signal intensity on all imaging 
sequences with some focal sites of high intensity scattered within the lesions 
on T2-weighted images [72]. Characteristic findings with MR imaging are
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the serpentine areas of low signal caused by vascular flow void in these 
tumours [72, 73]. After intravenous injection of gadopentetate dimeglumine 
(Magnevist®, Schering, Berlin, Germany) intense enhancement is seen [74]. 

Phaeochromocytomas show signal intensity characteristics with MR 
imaging that are very distinct from most other adrenal tumours. On T2- 
weighted images all phaeochromocytomas show a high signal intensity rela- 
tive to the liver [75, 76]. This feature is known to be shared by other truncal 
paragangliomas [67, 77, 78]. Several studies have shown that phaeochromo- 
cytomas and adenomas can be differentiated on the basis of the signal inten- 
sity ratio tumour/liver on T2-weighted images, phaeochromocytomas 
having a ratio above 2.5 and silent adenomas having a ratio below 2.0. 
Overlap of relative intensity on T2-weighted images can be seen with other 
sympathomedullary tumours, cysts, haemorrhage and a number of meta- 
stases. Cysts can be differentiated from phaeochromocytomas on T1-weight- 
ed sequences based on the very low signal intensity and their specific 
morphological characteristics, whilst haemorrhages show a non-homo- 
geneous high intensity on T1-weighted images [79-82]. 

MR imaging technique used in this study 
When designing an imaging strategy for MR imaging of paragangliomas, 
one is confronted with an overwhelming number of options to choose from. 
In a clinical setting, the imaging protocols selected are necessarily a compro- 
mise between predicted optima, personal preferences, instrumentational 
limitations and above all, procedure time in order to maintain an acceptable 
flow of patients. Our own procedural method represents, it should be stres- 
sed, only one of many possibilities. 

Patients are examined using a body coil for initial screening of the ab- 
domen (more than 95% of functioning paragangliomas is located in the 
abdomen). The imaging plane is transverse. The imaging technique includes 
multisection acquisition with a slice thickness of 1 cm, an intersection gap of 
approximately 1-2 mm, an acquisition matrix of 179 x 256 or 128 x 256 anda 
display matrix of 256 x 256. The field of view varies between 300 and 500 
mm, depending on the slice orientation. In general, the plane resolution is 
less than 3 mm. The number of measurements per data line varies between 
two (T2-weighted sequences) and four (T1-weighted sequences). For con- 
trast-enhanced studies, the Tl-weighted MR sequence is repeated after injec- 
tion of 0.1 mmol/kg body weight gadopentetate dimeglumine. 

Following the investigation of the abdomen the region of the diaphragm 
up to the base of the skull is imaged. Imaging planes are coronal and trans- 
verse. The technique is similar to the one used for the abdomen, adjusted 
with ECG gating, when necessary. Imaging time varies from 1.5 to 2 hours 
depending on selected parameters. 

We use intravenous contrast agents such as gadopentetate dimeglumine 
only in selected cases. Because of the natural contrast between vascular 
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structures and surrounding tissues in MR imaging, opacification of vessels 
with intravenous contrast agents as in CT is not necessary for delineation. 
Moreover, a disadvantage of intravenous contrast enhancement in MR imag- 
ing of the adrenals is that it may result in the reduction of contrast between 
normal and abnormal adrenals and surrounding retroperitoneal fat. 
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3 |- 123 METAIODOBENZYLGUANIDINE 
SCINTIGRAPHY IN PATIENTS WITH 

PARAGANGLIOMAS OF THE HEAD AND 
NECK REGION’ 

3.1. INTRODUCTION 

Chemodectomas, also known as glomus tumours, arise from paraganglionic 

tissue in the carotid body, the jugular fossa, the middle ear and superior 

mediastinum, Chemodectomas are extremely rare and of unknown inci- 

dence [1]. About 30% of the cases are familial in origin. The hereditary 

pattern of familial chemodectomas appears to be autosomal dominant [1]. 

Multiple chemodectomas occur in approximately 25% to 35% of the patients 

with familial chemodectoma but in less than 5% of those with the non-fam- 

ilial type [2]. Malignancy occurs in approximately 10% [3]. Together with the 

aorticosympathetic, visceral-autonomic and intravagal paragangliomas and 

phaeochromocytomas they form a class of tumours known as paraganglio- 

mas [4-6]. Paraganglion cells are derived from the neural crest and migrate 
in close association with the autonomic ganglion cells. The common feature 

of these cells is the presence of numerous neurosecretory granules contain- 

ing catecholamine in their cytoplasm. The highest concentration of these 

paraganglion cells is in the adrenal medulla, however they are also found in 

abundance along the aorta and great vessels [7, 8]. 

Functioning paragangliomas may arise wherever paraganglion tissue 

exists but are called phaeochromocytomas when they develop in the adrenal 

gland [4]. The proportion of hormonally active paragangliomas is thought to 

be high for adrenal phaeochromocytomas, intermediate for aorticosympath- 

etic and visceral-autonomic paragangliomas and low for chemodectomas [9]. 

The percentage of hormonally active chemodectomas has been estimated to 

be about 1% [10]. The association of head and neck chemodectomas with 

other paragangliomas (usually phaeochromocytomas) as well as several 
other tumours (carcinoid, pituitary adenoma, thyroid carcinoma) deriving 

from the neural crest has been reported [2, 9, 11-18], but these combinations 

are considered to be very rare [16]. 

The uptake of radioactive labelled metaiodobenzylguanidine (MIBG) has 

been demonstrated in phaeochromocytomas [19] and neuroblastomas [20] as 
  

* Based on: 1-123 metaiodobenzylguanidine scintigraphy in patients with chemodectomas of the 

head and neck region. APG van Gils, AGL van der Mey, RPLM Hoogma, THM Falke, 
AJ Moolenaar, EK] Pauwels, MJPG van Kroonenburgh. J Nucl Med 1990;31:1147-1155
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well as in carcinoids [21], medullary carcinomas of the thyroid and chemo- 
dectomas [22-24]. The largest study on chemodectomas so far comprised five 
patients, imaged with 1-131 MIBG [22]. We performed an I-123 MIBG study 

in 15 patients with a total of 24 chemodectomas. Urinary catecholamines and 
vanillylmandelic acid (VMA) levels were measured for correlation with the 
findings of I-123 MIBG imaging. Patients with elevated urinary 
catecholamine secretion and/or unexpected I-123 MIBG concentrations 
outside the head and neck region underwent further investigations to detect 
the source of catecholamine production. 

3.2. | MATERIAL AND METHODS 

Between January and November 1988, 15 patients, ranging in age from 22 to 
65 years (mean age 45 years) were referred for endocrinological analysis and 
1-123 MIBG scintigraphy by the Department of Otolaryngology. All patients 
gave informed consent. In the head and neck region of these patients 24 
chemodectomas were present: 11 jugular glomus tumours, seven carotid 
body tumours and six vagal body tumours. In this series no tympanic 
glomus tumours were seen. Nine patients were followed because of incom- 
plete tumour removal, attributable mainly to the technical limitations en- 
countered in the safe excision of these tumours from the cranial base. Four 
patients were analyzed preoperatively and in two cases surgery was either 
not performed or not planned, for technical reasons. The patients exhibited 
the common presenting symptoms of the carotid and vagal body tumours, 
with a painless pulsating lateral cervical mass near the angle of the mandible. 
The glomus jugulare tumours gave rise to aural symptoms, such as conduc- 
tive hearing loss, pulsatile tinnitus, a discoloured eardrum and sometimes 
cranial nerve palsy. In all 15 patients the diagnosis of chemodectoma was 
based on these clinical symptoms and characteristic findings on angiograms, 
as described elsewhere [3]. Except for patient No. 10 histological confirma- 

tion of the chemodectoma(s) was present in all patients. Twelve cases were 
familial, involving nine kindreds. Ten patients showed multiple chemo- 
dectomas on angiography. In two of these ten patients, one or more chemo- 
dectomas had already been removed prior to scintigraphy. A list of all drugs 
recently used was obtained to rule out interference with 1-123 MIBG uptake; 
special attention was paid to drugs such as reserpine, tricyclic antidepres- 
sants, phenylpropanolamine, labetalol and sympatholytic agents [25]. 

Scintigraphy. 

Each patient was injected intravenously with 370 MBq 1-123 MIBG while in 
the supine position. I-123 MIBG was obtained from ‘Cygne’ B.V. (Eindhoven, 
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The Netherlands). The synthesis of I-123 MIBG was performed by the met- 

hod of Wieland et al.[26]. I-123 was produced by the Xe-124 (p,2n) reaction 

with specification of a maximum I-125 impurity of 0.01% at the time of 

calibration. I-123 MIBG (specific activity at least 925 MBq per milligram) was 

diluted in bacteriostatic phosphate buffer (pH 6.0-6.5) to a specific concentra- 

tion of at least 74 MBq/ml. The free iodine concentration was less than 0.2%. 

Thyroidal uptake was blocked by the administration of Lugol’s solution, ten 
drops three times daily (50 mg of iodine) for five days, starting the day 
before the injection. 

A large field-of-view gamma camera (Toshiba GCA 90B®, Toshiba, Tokyo, 

Japan) equipped with a low energy general purpose collimator and inter- 

faced to a dedicated computer (Toshiba GMS-55®, Toshiba) was used. A 20% 

window was centred at 159 KeV. In all cases anterior and posterior digitized 

images of the total body and four images of the head and neck were 

obtained 24 hours and, in most cases, 48 hours after the injection. Additional 

single photon emission computer tomography (SPECT) of the head and neck 

of all patients was performed 24 hours after the injection. From the SPECT 

study transaxial, sagittal and coronal slices, 5.3 mm thick, were 
reconstructed. 

Computer tomography. 

Seven patients with elevated catecholamine levels (patients 1,3,6,7,10,12 and 
14) of whom five had abnormal I-123 MIBG concentrations outside the head 
and neck region were subsequently examined with a Tomoscan 350® (Philips, 

Best, The Netherlands) scanner. Initial screening of the abdomen was perfor- 

med using 10 mm thick adjacent slices. If this routine scan was equivocal or 

negative, a more meticulous examination of the region showing abnormal I- 

123 MIBG uptake was carried out. Such a procedure included narrow collima- 
tion in combination with geometric enlargement and back projection magni- 

fication. Care was taken that the entire region was visualized and that no 

major anatomical gaps were introduced by inconsistent expiration between 
individual slices. In three cases the CT examination was repeated after intra- 
venous injection of 50 cc meglumine ioxitolamate (Telebrix 350®, Guerbet, 
Aulnay-sous-Bois, France). 

Magnetic Resonance imaging. 

Patients 1,3,6,7,10,12 and 14 were examined at 0.5 T using a Gyroscan-S5® 

(Philips) scanner. In all cases a body coil was used. Imaging technique 
included multisectional acquisition of the adrenal area with 1 cm-thick 

transverse slices, intersection gaps of approximately 1 mm, an acquisition
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Table 3.1. Demographic, scintigraphic and hormone data on 
patients with chemodectoma. 

  

  

  

  

Patient Age Sex Kindred* Multi MIBG uptake Abnormal Urinary Excretion Measure- 

No. centricity in chemodectoma MIBG uptake elsewhere ments 

Vanillylmandelic Norepinephrine Dopamine 
acid umol/24hr umol/24hr umol/24hr 
range mean range mean range mean 

1 ae | = = + = 22-35 285 0.72-142 1,02 0.76-1.78 1.40 — 5 
De OO A + aaa Sra 15.622 71800 0.13 -0.34 0.25 1.58-1.90 1.72 3 
3 24 M B — — left adrenal 36-102 73.0 435-650 5.27 1.69-7.42 3.22 7 
4 31M A + Se ar 14-28 20.7 e048 = O42) 20.32 0.91 -1,73 | 1.54 3 
5 DP Vuk & + — — 
Geanieeen sche D + _ left adrenal DA Dh OB iin 1.04-1.82 1.53 1.70-2.50 1.98 3 
7 39-8 E — a = 19-27 23.0 0.24-0.34 0.30 2.52-5.88 4.66 3 
Reet oe uiine E ie + He 20-26 2307 0.20-0.21 0.21 0,69 -0.76 0.72 aii 

9 50. OF F 7 + a BB aye 20) 0.20-0.26 0.23 0.21-0.90 0.59 3 
10 G2 _ + + right adrenal 10-24 183 0.31-0.82 0.56 1.08 - 1.44 1.30 a 
11 ie lias G + es i 17-18 8173 0.26-0.32 0.28 1.89-2.09 2.01 3 
12 41 F H + a left adrenal 10-47!) 43.3 0.41-0.75 0.53 2.31~3.34 2.68 3 

13 58 =F ee + fi = 15-18 16.7 0.11-0.20 0.16 0.21-0.90 0.59 3 
14 64 M I oe + left paramedian. 20-28 25.0. 0.35-0.88 0.56 0,353.57; 2:14 , J 

mid-abdominal 
15 26 M B = + = 21-27 233 0.22-0.38 0.28 1.94-244 2.13 3 

Normal values Normal values Normal values 
< 30 0.06 - 0.47 0.46 - 3.40 

‘Letters AI denoie separate Kindreds: 

matrix of 179 x 256 and a display matrix of 256 x 256. The field of view was for motion compensation was not used. Total procedure time varied from 
400 mm. Patients were examined with a spin-echo sequence TR 300/TE 20 1.5 to 2 hours. 
and a spin-echo sequence TR 2000/TE 50-100. After imaging of the adrenal 
area, T2-weighted coronal images of the lower abdomen and mediastinum 
were taken in two series using a field of view of 500 mm. If this routine scan ‘ 

: ; ees : Catecholamine measurements. 
was equivocal, a more meticulous examination of the area of interest was 
carried out using transverse T1- and T2-weighted images. In all cases plane The urinary excretion of free norepinephrine, epinephrine, dopamine and 
resolution was less than 3 mm. The number of measurements per data line vanillylmandelic acid was assessed in 24-hour urine samples collected on 
was two (T2-weighted sequences) or six (T1-weighted sequences). Software three consecutive days. Free norepinephrine, epinephrine and dopamine
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3.1.A 

Figure 3.1. A) Anterior and posterior 1-123 MIBG ae of the head do not reveal any Hak ina 
chemodectoma. B and C) Transaxial and coronal SPECT images show distinct uptake of 1-123 MIBG in 
right jugular chemodectoma (arrows), (L = left, R = right). 

levels were assayed by high-performance liquid chromatography (HPLC) 
and electrochemical detection (Coulochem 5100 A ESAR). VMA levels were 
measured by colorimetry after paper chromatography. For four patients 
(3,6,7 and 14) the levels of norepinephrine, epinephrine and dopamine in the 
tumour tissue were determined by the HPLC method and expressed as 
mmol/g tumour tissue. 

3.3. RESULTS 

Fourteen of the fifteen patients completed the study. One patient (No. 5) 
underwent the clinical examination and scintigraphy but failed to supply the 
24-hour urine samples (lack of co-operation). The clinical examinations in 
the fifteen patients rendered the following additional information: only one 
of the fifteen patients (No. 14) had a history, that was indicative of a function- 
ing paraganglioma, i.e. hypertension, episodic headaches, palpitations and 
heavy perspiration. This had been disregarded for more than 20 years. On 
physical examination five patients (1,8,9,10 and 14) had hypertension, accord- 
ing to the definition of the W.H.O. [27]; only one patient (No. 14) received 
medication (verapamil chloride) for it. The other patients had no signs or 
symptoms suggesting a hormonally active tumour. 

None of the patients experienced any side effects of the I-123 MIBG injec- 
tion. Table 3.1 lists the patient data, the scintigraphic findings and the urinary 
levels of free norepinephrine, free epinephrine, dopamine and VMA. I-123 
MIBG uptake in one or more chemodectomas in seven patients (1, 2, 8, 10, 

13, 14 and 15) was visualized on planar views and SPECT images. In one 
patient (No. 9) I-123 MIBG uptake by a chemodectoma was detected only by 
SPECT (figure 3.1). In total 13 of the 24 chemodectomas were visualized. 
Neither the planar views nor the SPECT images revealed any uptake in the 
chemodectomas of the other seven patients. For each patient showing I-123 
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3.1.8 3.1.C 

MIBG uptake all known chemodectomas were visualized. Most chemo- 

dectomas showed low to moderate uptake of I-123 MIBG. Only patient 1 

showed a high uptake in a sporadic chemodectoma which proved to be a 

norepinephrine-secreting chemodectoma. 
In five patients (3,6,10,12 and 14) abnormal locations of I-123 MIBG were 

noted in the abdomen. Only one of them (No. 14) showed simultaneous 
moderate I-123 MIBG uptake in a chemodectoma. 

Seven patients (1,3,6,7,10,12 and 14) with elevated catecholamine levels of 

whom five had abnormal 1-123 MIBG concentrations in the abdomen under- 

went further examination. The results of the CT and MR imaging investiga- 

tions in these seven patients and the histopathological data are shown in 

table 3.2. Patients 3 and 6 had a phaeochromocytoma of the left adrenal 
gland that was excised under labetalol prophylaxis without adverse effects. 

In patient 14 an aorticosympathetic paraganglioma was removed. Histological- 

ly these tumours resembled the paraganglionic tissue found in phaeochromo- 

cytomas. The tumours contained only norepinephrine. In all three patients 

(3, 6 and 14) catecholamine secretion normalized postoperatively. Patient 14 

became free of symptoms. 
Patient 1 had a left-sided glomus jugulare tumour that was partially 

removed. During and after the operation periods of severe hypertension 

developed but could be managed with 400 mg labetalol three times a day. 

Postoperatively, norepinephrine excretion normalized, but VMA excretion 

was elevated on one follow-up visit. In two patients (10 and 12) no lesions 

were revealed by either CT or MR imaging, although distinct abdominal 

deposits of 1-123 MIBG had been seen on two consecutive days. Patient 7 

underwent partial resection of a vagal body tumour that was not revealed 

by 1-123 MIBG imaging. The tumour contained only dopamine.
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Table 3.2. Analysis of patients with elevated catecholamine excretion. 
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Patient Vanillylnandelic Acid Norepinephrine Dopamine CT /MRI Histological Tumour content 

No, Abdomen Diagnosis 
Blevated Total Elevated = Total Elevated Total Norepinephrine Dopamine 
no. of no. of no. of no, of no, of no. of mol/g (nmol/g) 
measure- measure- measure- measure- measureé-  measure- 
ments ments ments ments ments ments 

£ 2 5 5 5 0 1 normal jugular (measurement 
chemodectoma not performed) 

3 if 7 7 7, 1 7 phaeochromo- phaeochromo- 2.35 0 

cytoma in cytoma 

left adrenal. 
6 0 3 3 3 0 3 phaeochromo- phaeochromo- 22.1 0 

cytoma in cytoma 

left adrenal 
f 0 3 0 3 2 3 normal vagal chemo- 0 15 

dectoma 
10 0 3 2 3 0 3 normal ra = Fe 
12 0 3 1 3 0 3 normal inal ae in 
14 0 4 2, 4 1 4 para-aortic paraganglioma 3.4 0 

paraganglioma 
    

Postoperatively, the average dopamine excretion decreased but did not nor- 
malize, probably because a large part of the tumour remained in situ. 

3.4. DISCUSSION 

The standard for diagnosis of chemodectomas is angiography. However, 
this is an invasive procedure and is therefore only performed preoperatively 
to demonstrate the vascular supply of these lesions [3]. For screening pur- 
poses and postoperative control, contrast-enhanced CT is used [28]. A scinti- 

graphic method offers several potential advantages such as better detection 
of recurrent lesions in a scarred field, the absence of artifacts from clips, and 

the possibility of detecting metastases in the entire body. A further advan- 
tage is the absence of the small but appreciable risk of contrast reactions. For 

these reasons we evaluated the use of I-123 MIBG in patients with chemo- 
dectomas. 

Because normal J-123 MIBG uptake in parotid glands and submandibular 
glands interferes with the visualization of chemodectomas, planar views 
were supplemented by SPECT of the head and neck area. SPECT made the 
delineation of chemodectomas easier and demonstrated a chemodectoma in 
one patient that was not visible on planar views. In total we noticed uptake 
ranging from low to high intensity in 13 of 24 chemodectomas accounting 
for 54%. Von Moll et al. using I-131 MIBG found uptake in 2 out of 5 chemo- 
dectomas (40%) [22]. The number of chemodectomas in the latter study is 
too small to make a valid comparison between the two isotopes. It is inter- 
esting to notice that the norepinephrine-secreting tumour in patient 1 
showed the highest uptake. Shapiro et al. reported two catecholamine- 
secreting chemodectomas showing no I-131 MIBG uptake [19]. Whether this
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discrepancy is caused by the lower dose of I-131 MIBG, or by differences in 
norepinephrine kinetics is not clear. As already stated by von Moll et al. the 
ability of a tumour to take up MIBG can be independent of its ability to 
secrete catecholamines [22]. The moderate sensitivity found in our study 
suggests a limited role for I-123 MIBG in patients with chemodectomas. 

However, in performing I-123 MIBG scintigraphy and urinary screening 
for catecholamines, we unexpectedly found a high number of surgically 
proved catecholamine-secreting tumours of the paraganglia (functioning 
paragangliomas). I-123 MIBG uptake provided an important clue to the 
hormonal activity of four of the five functioning paragangliomas. This was 
particularly the case in patient 14 who initially showed only marginally 
elevated urinary catecholamine levels despite his obvious symptoms. 

Hormonal activity in patients with chemodectomas can be caused by the 
chemodectoma itself or by an associated catecholamine-secreting tumour in 
the thorax or the abdomen. The percentage of hormonally active chemo- 
dectomas has been estimated to be about 1% [10]. Approximately 2000 
patients with one or more chemodectomas have been described. There are 17 
documented cases of associated functioning paragangliomas outside the 
head and neck region suggesting an overall incidence of less than 1% [9, 10, 29]. 

The high incidence of functioning paragangliomas (functioning chemo- 
dectomas included) in our study may be attributable to several factors. 

First, we screened all patients for hormonal activity. In the past this was 
probably only performed in the event of clinical symptoms that suggested a 
hormonally active tumour. In our group, only patient 14 had symptoms sug- 
gesting a catecholamine-secreting tumour. These symptoms had, however, 
not been appreciated prior to this study. For the four other patients with a 
functioning paraganglioma, symptoms of a hormonally active tumour were 
equivocal or absent. 

Secondly, not only the VMA levels in 24-hour urine samples were mea- 
sured, as in the past [10], but also the free catecholamine levels. According to 

Duncan et al. this is the most sensitive method for detecting phaeochromo- 
cytomas [30]. The VMA levels were elevated in only one patient in our series 
and marginally elevated in a second. Even when elevated, the possibility of 
a functioning chemodectoma is sometimes disregarded. Smit et al. described 
a patient with a chemodectoma showing intense 1-131 MIBG uptake and 
modestly elevated urinary VMA levels, which they attributed to cardiac 
failure rather than to excessive secretion of the chemodectoma [24]. 

Thirdly, we performed whole-body scintigraphy with 1-123 MIBG, which 
is probably more sensitive in detecting phaeochromocytomas and provides 
better image quality than 1-131 MIBG [31]. To our knowledge whole-body 
imaging has never been performed before in such a large group of patients 
with chemodectomas. 

Of course some selection may have occurred. A high percentage of the 
patients studied were known to have a familial history of multiple chemo- 
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dectomas. Since the aim of our study was to evaluate I-123 MIBG scinti- 
graphy of chemodectomas in the head and neck region, we could only 
investigate patients who had not been operated upon for technical reasons, 
i.e. those with multiple chemodectomas or those who had undergone only a 
partial resection. Patients with multiple chemodectomas may be more prone 
to develop an associated functioning paraganglioma. We reviewed the case 
reports collected by Dunn et al. and found that of the 16 patients with a 
functioning paraganglioma and one or more chemodectomas, at least 10 had 
multiple chemodectomas and 6 had a familial history [9]. In our patient 
population there was one patient with a solitary chemodectoma associated 
with a phaeochromocytoma, but chemodectomas occurred in his family 
history. 

Retrospective analysis of the data on 20 patients with chemodectoma 
examined in our hospital in the past five years revealed another patient with 
a solitary, non-familial chemodectoma and a functioning mediastinal para- 
ganglioma. 

The familial occurrence of the association of chemodectoma with a para- 
ganglioma has been described [2, 16]. As shown in table 3.1 the high inci- 

dence of functioning paragangliomas in this study was not due to the enroll- 
ment of several members of one family with both types of tumour. 

Two patients (10 and 12) exhibited an increased uptake of I-123 MIBG in 
an adrenal gland with elevated levels of norepinephrine; however, these 
findings were not confirmed by CT or MR imaging. These two patients will 
be followed because phaeochromocytomas are known to develop gradually 
in the course of decades and an increase in the uptake of 1-123 MIBG may be 
the earliest evidence of adrenal medullary disease [32, 33]. 

The patient with the dopamine-producing chemodectoma is the fourth 
patient to be reported in the literature [34]. The tumour was not visualized 
by I-123 MIBG. Proye et al. have described two cases of dopamine-produc- 
ing phaeochromocytomas that were not revealed by 1-131 MIBG either [35]. 
Interestingly, neither the chemodectoma nor the two phaeochromocytomas, 
described by Proye et al. contained any norepinephrine. The most likely 
explanation for the non-visualization of these dopamine-secreting para- 
gangliomas is the absence of a specific norepinephrine uptake mechanism 
and/or a defective storage mechanism. 

Although the number of chemodectomas taking up 1-123 MIBG is limited, 
this does not imply that ]-131 MIBG cannot play an important role in the 
treatment of irresectable chemodectomas, showing the capacity to store 
MIBG. Patient 1 is currently being considered for treatment with therapeutic 
doses of I-131 MIBG, because the chemodectoma showed its capacity for 
MIBG uptake and is not susceptible to further surgical treatment. 

In conclusion, this study suggests that functioning paragangliomas in 
patients with chemodectomas are more common than is estimated in the 
literature. Because of the selection, the high percentage of functioning
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paragangliomas cannot directly be extrapolated to solitary, non-familial 
chemodectomas. Nevertheless, with long-term follow-up and appropriate 
screening, functioning paragangliomas will be seen with increasing 
frequency in patients with chemodectomas. For this reason and because of 
the paucity of symptoms, we feel that patients with chemodectomas should 
be screened for elevated 24-hour urinary catecholamine levels. 
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MIR IMAGING AND MIBG IMAGING 
OF PHAEOCHROMOCYTOMAS 

AND EXTRA-ADRENAL FUNCTIONING 
PARAGANGLIOMAS, 

4.1. INTRODUCTION 

Functioning paragangliomas are catecholamine-secreting tumours which, 
although rare, may carry grave risks for the affected patient. Excessive 
catecholamine production by these tumours causes labile or sustained 
hypertension, combined with attacks of perspiration, palpitations and 
anxiety. When not diagnosed in time, a great number of cases eventually 
end fatally. However, given adequate preoperative localization, surgical 
cure is certainly possible in the majority of cases [1]. 

In the past decade metaiodobenzylguanidine (MIBG) scintigraphy, com- 
puted tomography (CT) and magnetic resonance (MR) imaging have emerged 
as the primary techniques for localization of functioning paragangliomas. 
These new techniques are now more generally available and have made 
invasive procedures such as angiography and venous sampling obsolete. 
The relative role of these three techniques is presently under debate. MIBG 
scintigraphy has been found to be accurate in the localization of functioning 
paragangliomas in the thorax and the abdomen [2]. CT has proved to be 
valuable in the demonstration of phaeochromocytomas and chemodectomas 
but its capabilities in the localization of other extra-adrenal sources of catechol- 
amine excess are limited. In addition, CT does not provide enough informa- 
tion to make a specific diagnosis independent of clinical and biochemical 
findings [3]. MR imaging has shown great potential with respect to the 
detection and characterization of adrenal lesions as well as paraganglionic 
tumours situated at extra-adrenal sites [4, 5]. 

In this chapter the clinical characteristics and the MR imaging and MIBG 
appearance of functioning paragangliomas are described. The results of a 
comparative study between MR imaging and MIBG investigations per- 
formed in 33 patients with clinical symptoms of catecholamine excess are 
presented and the expanding role of MR imaging in the localization of 

* Based on: MRI and MIBG eee pea tomas and extra-adrenal functioning 
paragangliomas. APG van Gils, T alke, AR van Erkel, J-W Arndt, MP Sandler, 
AGL van der Mey, RPLM Hoogma. Radiographics 1991;11:37-57
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functioning paragangliomas is discussed. A protocol for MR imaging in 
patients suspected of having these neoplasms is set out. 

4.2, CLINICAL AND RADIOLOGICAL CHARACTERISTICS 

Clinical characteristics 
Paraganglionic cells belong to the amine-precursor-uptake decarboxylation 
(APUD) system and are characterized by cytoplasmic vesicles containing 
catecholamines. The tumours to which these cells give rise may either be 
catecholamine-secreting or non-functioning. The classification of these 
tumours is discussed at some length in chapter 2 [6]. The proportion of 
hormonally active paragangliomas is thought to be high for phaeochromo- 
cytomas, intermediate for aorticosympathetic and low for parasympathetic 
paragangliomas [7]. Phaeochromocytomas secrete a combination of 
epinephrine and norepinephrine, whereas extra-adrenal paragangliomas are 
known to secrete only norepinephrine. Occasionally, paragangliomas pro- 
duce predominantly dopamine [8]. The secretion of these pressure amines 
by the tumour produces paroxysmal or permanent hypertension associated 
with headache, pallor, perspiration and palpitations. The cardiovascular 
effects, in particular, can be life-threatening. 

Several laboratory tests exist for the detection of catecholamines in plasma 
and urine. The sensitivity and specificity of plasma catecholamine measure- 
ments are limited because of the often intermittent secretion by paraganglio- 
mas and because intravenous sampling causes stress, which raises plasma 
catecholamines in a non-specific way. At present, determination of free 
norepinephrine by gas chromatography or high-performance liquid chromato- 
graphy (HPLC) performed on 24-hour urine specimens, is considered the 
most sensitive method for diagnosing a functioning paraganglioma [1]. 

Invasive diagnostic procedures, including angiography and intravenous 
administration of contrast material, induction of anaesthesia, surgery and 

even palpation of the tumour require pharmacologic preparation and con- 
tinuous monitoring of the patient because the manipulations may lead to 
collapse or death. However, given adequate localization, surgical removal of 

the tumour is the best therapy and is usually followed by disappearance of 
all symptoms, including hypertension. 

Radiological characteristics 

Solitary phaeochromecytoma 
The adrenal medulla is the most frequent site of hormonally active tumours 
of the paraganglionic system. Intra-adrenal paragangliomas (phaeochromo- 
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Figure 4.1. Solitary phaeochromocytoma in a 40- 
year-old male with episodes of palpttations, head- 
ache and perspiration. Laboratory investigations 
showed increased levels of urinary vanillylman- 
delic acid and plasma catecholamines. A) Anterior 
(left) and posterior (right) 1-123 MIBG scintigrams 
demonstrate Itigh uptake of tracer in the left 
adrenal area compatible with a esac A ag 
(arrow). (L = left, R = right). B) Ti-weighted MR 
tage (SE TR 300/TE 20) shows a smoothly mar- 
ginated mass of the left adrenal gland with a low 

isaiad signal intensity (arrow) C) On the T2-weighted 
ie: R image (SE TR 2000/TE 100) the mass has high 

    
    signal intensity (arrow).   

4.1.A 

  

cytomas proper) account for more than 80% of all catecholamine-secreting 
neoplasms [1]. Norepinephrine constitutes a considerable percentage of 
these catecholamines. MIBG, either labelled with I-123 or I-131,is a 

norepinephrine analogue that follows the same pathways as norepinephrine 
but is not metabolized to any appreciable extent [9]. The capacity of most 
phaeochromocytomas to store radiolabelled MIBG permits scintigraphic 
portrayal (figure 4.1). 

On T1-weighted MR images phaeochromocytomas show a signal inten- 
sity lower or equivalent to liver, kidney or muscle, although they may have 
a higher signal intensity when they are complicated by haemorrhage. On T2- 
weighted images they are characterized by a high signal intensity (figure 4.1). 
After intravenous injection of gadopentetate dimeglumine (Magnevist®, 
Schering, Berlin, Germany), they mostly show a non-homogeneous 
enhancement (figure 4.2).
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Figure 4.2. Phaeochromocytoma and contrast material-enhanced MR imag- 
ing. MR imaging was the initial localization technique in a patient with 
severe frypertension and elevated levels of urinary catecholamines. A and B) 
Coronal T1-weighted images (SE TR 650/TE 20 and SE TR 280/TE 20) of 
thorax and upper abdomen display a smoothly marginated mass of the left 
adrenal gland with a signal intensity equal to that of the liver (arrow). C) T2- 
weigh ted gradient-echo image (TR 756/TE 28/30°) shows mass with in- 
creased intensity characteristic for a phaeochromocytoma (arrow). D and E) 
Transverse T1-weighted MR images obiained before and after intravenous in- 
jection of gadopentetate dimeglimine show inhomogeneous enhancement of 
the tumour (arrow). F) 1-123 MIBG scintigrams reveal high uptake in the left 
adrenal area (arrow) confirming the presence of a phagochromocytoma. 
(L = left, R=right). 
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Figure 4.3. Functioning paraganglioma of the bladder in a 50-year-old male 
with hematuria, headache and palpitations ajter micturition, and elevated 
urinary catecholamine excretion, A) Sonogram demonstrates a mass in the 
bladder. B) Transverse Tl-weighted (SE TR 500/TE 30) MR image shaws in- 
termediate intensity of the mass (arrow). C) On T2-weighted (SE TR 2000} 
TE 50) MR inmge the mass has a high signal intensity (arrow), nearly tso- 
intense to urine which is typical for a priatannien lary tumour. MIBG 
scintigraphy was not performed. The bladder is a potential problem area for 
MIBG scintigraphy, as intense activity due to tracer excretion by the kidneys 
can preclude detection of bladder paragangliomas. A visceral paraganglioma 
was removed, after which biochemical findings returned to normal. 

Figure 4.4. Functioning parasympathetic paragangtioma (chemodectoma) in a 
patient with cranial nerve palsy. Preoperatively hypertension and elevated 
levels of urinary catecholamines were found. A) Contrast-enhanced CT scan 
shows a mass in the left pontine cistern (arrow). B) Coronal T1-weighted (SE 
TR 300/TE 20) image shows intermediate intensity lesion (arrow). 
C) Transverse T2-weighted (SE TR 2000/TE 80) MR image demonstrates 
focal sites of high intensity scattered in the tumaur (arrow). D) Anterior I- 
123 MIBG scintigrant shows high uptake by the tumour (arrow) disclosing its 
hormonal activity. The tumour could only be partially resected. Removed tu- 
mour tissue showed a high concentration of norepinephrine.  
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Figure 4.5, Combination of 
chemodectorna and phaeochromo- 
cytoma. A) Posterior 1-123 
MIBG seintigrant i Sear tr 
patient with previously removed 
chemodectorna and elevated uri- 
nary catecholamine levels shows 
high uptake in left adrenal gland 
(arrow). L = left, R = right. B) 
Coronal T2-weighted (SE TR 
2000/TE 100) MR image shows 
high intensity mass tn the left 
adrenal gland (arrow) conipatible 
with phaeochromocytoma, C and 
D) Transverse T1-weighted (SE 
TR 300/TE 20) and T2-weighted 
image (SE TR 2000/TE 100) MR 
images of the tumour (arrow).     

  

  

Solitary extra-adrenal functioning paragangliomas 
The extra-adrenal localizations account for 10-20% of catecholamine produc- 
ing paragangliomas and form an essential part in the evaluation of patients 
with excessive catecholamine secretion. Of the aorticosympathetic para- 
gangliomas, up to 80% are located within the abdomen (figure 4.3). The 
radiological features of these tumours are similar to adrenal phaeochromo- 
cytomas, The remaining 20% can be found in the thorax and head and neck 
area. In the latter region, extra-adrenal paragangliomas mainly consist of 
functioning chemodectomas that are of parasympathetic origin (figure 4.4). 

Multiple tumours 
In up to 20% of patients with paragangliomas, multiple tumours develop 
synchronously or metachronously [10]. A higher incidence of multiplicity 
has been noted in familial cases, particularly in the event of hereditary 

disorders such as the multiple endocrine neoplasia (MEN) syndromes. The 
disease is then usually present in both adrenals [1, 11]. 

MRImAcinc & MIBG IMAGING = 3 

  

Figure 4.6. Aorticosympathetic paragangtioma 
originating from para-aortic bodies in a patierit 
with chemodectonta, A) Anterior 1-123 MIBG 
image shows para-aortic location with high MIBG 
uptake (arrow). Some uptake can be seen ina left 
carotid chemodectomta, B and C ) Coronal T2- 
weighted (SE TR 2000/TE 100) and transverse T2- 
weighted (SE TR 2000/TE 100) MR images show 
para-aortic tumour (arrow) consistent with aortico- 
sympathetic paraganglioma originating from parn- 
aortic bodies. The introduction of low signal- 
intensity contrast media into the intestines would 
probably have made it easier to differentiate the 
paraganglioma from bowel loops on the coronal | 
view. 
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The association of phaeochromocytomas with extra-adrenal para- 
gangliomas has been described in familial and non-familial cases, but it was 

thought to be rare [7]. However, our experience indicates a higher incidence 
of this association than has been reported in the literature [8]. In the past, 
many small tumours have probably escaped detection by conventional 
examinations, whereas metachronous tumours may not have been identified 
as such [12]. 

Beierwaltes found a high percentage of recurrences in 176 patients stud- 
ied at the University of Michigan (46%), although his population showed an 
unambiguous selection bias [13]. It is often difficult to determine whether 
recurrences represent multiple paragangliomas (paragangliomatosis) or dis- 
tant metastases of a single paraganglioma [14]. It is generally agreed that
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Figure 4.7, MEN II syndrome in a patient with 
normal urinary catecholamine levels. A) CT scan 
obtained in 1980 shows small mass in left adrenal 
land (arrow), B) CT study six years later shows 
ittle enlargement of the mass (arrow). C) Trans- 
verse T2-weighted (SE TR 2000/TE 50) MR image 
and 1-123 MIBG scintigram (D) demonstrate the 
left adrenal phaeochroniwcytoma (arrow). This case 
emphasizes the auxiliary role of non-invasive 
imaging methods in screening of patients with 
familial disorders. (L = left, R= right). 

Fouts 4.8. Bilateral adrenal paragangliomas 
(phaeochromocytomas) in a patient with neu- 
rofibromatosis. A) Posterior 1-123 MIBG 
ae shows elevated uptake in both adrenal 

glands (arrows). (L = left, R = right). B) T1- 
weighted (SE TR 300/TE 20) coronal MR image 
shows bilateral adrenal tinnours (black arrows) and 
a large neurofibrome in the pelvis (white arrow). 
C) T2-weighted (SE TR 2000/TE 100) coronal MR 
inuge betier demonstrates the adrenal tumours 
(black arrows), with areas of necrosis in the left 
adrenal phaeochromocytoma, Note small subcuta- 

  
  

      

neous neurofibroma on the left (curved white ar- 
row) and the high signal intensity of the pelvic 
neurofibroma (white arrow). 

Figure 4.9. Combination of renal cell carcinoma 
and cardiac paraganglionta in a 60-year-old female 
with hypertension and excessive catecholamine 
excretion. A chemodectoma had been removed 20 
years earlier. A) Coronal MR images obtained with 
increasing echo tines (SE TR 400/TE 30-120) 
show high intensity mass above right atrium 
(arrow) and left ventricular hypertropiry. 
B) Coronal T1-weighted (SE TE 300/TE 20) MR 
image demonstrates a mass in the upper pole of the 
right kidney (arrow). C) Transverse [2-weighted 
(SE TR 2000/TE 100) MR tinage shows hig 
intenstty of the renal mass (avrow) . D) On con- 
trast-enhanced CT scan the renal lesion deimon- 
strates little enhancement (arrow). E) 1-123 MIBG 
scintigrams show faint uptake in the cardiac region 
(arrow). Venous santpling indicated a furnctionirig 
tumour in fhe right atrium. At surgery a renal cell 
carcinoma was found. The cardiac tronour was not 
removed. 

  

MR IMAGING & MIBG IMAGING = 55 

  

      

ARC 

    
  

49E



56 CHAPTER FOUR 
  

malignancy occurs in less than 10% 
of cases [15]. Some authors even think 
that malignancy is rare and involves 
no more than 2% of cases [14]. At any 

rate, the potential for multicentric ori- 
gin of paragangliomas is clearly 
demonstrated and the fact that phaeo- 
chromocytomas as well as the other 
types of paragangliomas can be part 
of a systemic disease is emphasized 
(figures 4.5 and 4.6), Because affected 
individuals directly benefit from early 
diagnosis of asymptomatic lesions, 
an active approach to diagnostic 
screening is certainly justified [12, 
16]. 

Associated diseases 
Adrenal paragangliomas constitute 
an essential part of the MEN II and 
Il syndromes (figure 4.7). Further 
association has been demonstrated 
with neuro-ectodermal disorders 
such as tuberous sclerosis, von 

Hippel-Lindau disease and neuro- 
fibromatosis (figure 4.8) [1]. Gastric 

epithelioid leiomyosarcomas and 
pulmonary chondromas have oc- 
casionally been described in com- 
bination with paragangliomas [1]. 
The combination of paragangliomas 
with renal cell carcinoma has been 
reported in a few cases (figure 4.9) [17]. 

In contrast to sporadic phaeo- 
chromocytomas, those associated 

Fi agure 4.10. Non-hyperfunctioning adenoma ina 
67 year old female with hypertension, headache, 
tremor, nausea and marginal elevated catechola- 
mine excretion. A) T1-weighted (SE TE 500/TR 
30) and B) T2-weighted gradient-echo (TR 650} 
TE 28/ 30") images demonstrate a mass (arrow) in 
the left adrenal gland with low signal intensity, 
similar to the signal intensity of the liver, which is 
Fypical for asilent adenoma. C) MR image obtain- 
ed after intravenous administration of gadopente- 
tate dimeglumine shows no enhancement of the 
mass (arrow). D) I-123 MIBG scintigrams appear 
normal. (L. = left, R = right).   

AOA 
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Figure 4.11. Adrenocortical carci- 
noma in a 34-year-old male with 
mild lrypertension. A) Initially 
obtained CT scan shows mass with 
calcifications in right adrenal pre- 
sumed to be a phaeochramocytoma 
(arrow). B) Postertor I-123 MIBG 
scinfigrara shows normal bilateral 
uptake of the tracer in the adrenal 
fo (L = left, R = right). C) 
ransverse T1-weighted (SE TR 

400/TE 50) MR image reveals low 
intensity of the mass (arrow). D) 
Visual assessment of the intensity 

i egeleaey relative to the liver on coronal 
ait T2-weighted (SE TR 2000/TE 100) 

4.113 MR images suggested a phaeo- 
chromocytoma (arrow). However, quantitative as- 
sessment revealed am intensity ratio of 2.3, which 
is unusually low jor a phaeochromocytoma and 
ntuch too high for a silent adenoma. At surgery an 
adrenocortical carcinoma was found. 
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with MEN syndromes are asymp- 
tomatic in about 50% of cases and 
are only diagnosed as a result of in- 
creased suspicion (figure 4.7) [1]. 

Diagnosis and localization of these 
clinically silent tumours is of the 
utmost importance, because fatal 

paroxysms may develop during 
surgery for associated disorders. 
Phaeochromocytomas are known to 
develop over a period of years in these patients, making long term follow-up 
essential. 

  

4.11.3 

Differential diagnosis of adrenal tumours 
Most functioning paragangliomas are located in the adrenal glands. In 
patients suspected of having a phaeochromocytoma but who do not have the 
disease, other lesions may simulate a phaeochromocytoma on MR and CT 
images. Particularly, endocrine-silent adrenal masses may cause confusion 
when they coincide with clinical symptoms of catecholamine excess.
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Figure 4.12. Adrenal cyst in a 21-year-old woman 
thought to have a functioning paragangliomi. A) 
Initially performed CT shows right adrenal mass 
(arrow). B) I-123 MIBG scintigraphy és normal. 
(L = left, R = right). C) T1-wetghted (SE TR 300/ 
TE 20) MR images obtained i and D) after 
adminisiration of gadopentetate dimeghunine 
demonstrate 10 enhancement of the tumour 
(arrow). E) T2-weighted (SE TR 2000/TE 100) 
MR image shows homogeneous high-intensity 
mass without a rim in the right adrenal gland 
(arrow). Absence of enhancement and absence of a 
peripheral rit strongly favour the diagnosis of a 
simple cyst instead of a cystic phaeochromocytoma. 

Especially in patients with hyper- 
tension silent adenomas are a 
frequent finding. Non-functioning 
adenomas visible to the naked eye 
are found at autopsy in 1-9% of 
adults [18]. Some examples of 
frequently and infrequently found 
adrenal masses are shown (figures 
4.10-4.13). These cases also illustrate 
the fact that MIBG only visualizes 
adrenergic tumours. 

4.3. | MATERIAL AND METHODS 

From 1985 through 1988 a total of 33 
patients in whom a functioning para- 
ganglioma was clinically suspected 
were referred to the Department of   

4l3A 
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Figure 4.13. Adrenal abscesses in a 43-year-old 
patient with generalized histoplasmosis and 
adrenal pee icc, A) Coronal T1-weighted (SE 
TR 300/TE 20) MR image shows bilateral adrenal 
masses in patient with generalized histoplasmosis 
(arrows). B) Transverse T1-weighted MR image 
(SE TR 300/TE 20) (arrows), C) Transverse T2- 
weighted (SE TR 2000/TE 100) MR image shows 
areas of high intensity within the masses, simu- 
lating bilateral phaeochromocytomas (arrows), 

Diagnostic Radiology. All patients 
underwent both MR imaging and 
MIBG scintigraphic examinations. In 
52% (17/33) of the patients MR imag- 
ing preceded MIBG scintigraphy. 

Coronal and transverse MR im- 
ages of the region of interest were 
acquired at 0.5 T (Gyroscan-S5®, 
Philips, Best, The Netherlands) using 
a body coil. Imaging sequences were 
obtained with a short TR/TE of 
300/20 and a long TR/dual echo of 
2000/50-100. In six patients intra- 
venous administration of gadopente- 
tate dimeglumine (0.1-0.2 mmol/kg 
body weight) was combined with T1- 
weighted imaging. Four patients 
underwent MR imaging at other 
hospitals with either a Technicare or 
Picker system and slightly different 
interpulse times. 

MIBG scintigraphy was performed 
with a large field-of-view gamma 
camera (Toshiba GCA 90B®, Tokyo, 
Japan) equipped with a low-energy 
general purpose collimator and 
interfaced to a dedicated computer 
(Toshiba GMS-55®, Toshiba). In all 
cases anterior and posterior digitized 
images of the total body were obtain- 
ed 24 hours and, in most patients, 48 
hours after the injection. The scan- 
ning speed was 15 cm/min. In all 
cases detail images of the adrenal
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area were taken. In selected cases, additional views were made of equivocal 
regions. Each patient was injected intravenously with 370 MBg I-123 MIBG 
(‘Cygne’ B.V., Eindhoven, The Netherlands). Thyroidal uptake was blocked 
by the administration of Lugol's solution, ten drops three times daily (50 mg 
of iodine) for five days, starting the day before the injection. In five patients 
18.5 MBq I-131 MIBG was used instead of I-123 MIBG because of logistical or 
technical difficulties. In one case the positive repeat study with I-131 MIBG 
was used instead of the initial negative study with 1-123 performed under 
labetalol medication. 

Pathology findings, clinical and biochemical findings (from chromato- 
graphy performed on 24-hour urine specimens for epinephrine, norepinephrine, 
dopamine and vanillylmandelic acid), and results of follow-up examinations 
were the standard for diagnosis. Both modalities were independently re- 
viewed by two radiologists and two nuclear medicine physicians, respec- 
tively. The MR and MIBG examinations, including signal intensity and 
MIBG uptake were scored by visual appraisal before and after clinical infor- 
mation on the patients had been provided. From this data, sensitivity and 
specificity were calculated. 

Table 4.1, Detection of lesions (no clinical information available). 
  

Diagnosis MIBG MRI 
Obsi Obs 2 Obs3 Obs 4 

  

Functioning paragangliomas* 17/ oat 18/22 20/22 20/22 
_ Adrenocortical tumour O/1 = 0/1 1/1 AL 
Neuroblastomas : TPO AD 2/2 272 
Adenomas Oe. 0/2 2/2 2/2 
rata 0/1 0/1 Le eet 

' Renalcellcarcinoma ‘ 0/1 0/1 0/1 abies 
- Neurofibroma OFT O71 by 1, i 
- Liver metastases of MCT 1/1 1/1 ey 1/1 
Total  qo78t 20/81. oR sar 29/51 
  

*In one case the positive repeat study with 1-131 MIBG was used instead of the initial 

negative stucly with 1-123 performed under labetalol medication. 

the ratio indicates the number of lesions detected by the observer compared to the total 

number of lesions present. 
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4.4. RESULTS 

Twenty-two functioning paragangliomas were present in 18 patients. Four- 
teen were located in the adrenal glands and eight were extra-adrenal. In ad- 
dition, one renal cell carcinoma and one large neurofibroma had been found 
in these 18 patients. Seven did not have functioning paragangliomas, but 
surgery revealed adrenocortical carcinoma in one, neuroblastoma in twa, 
adenoma in two, adrenal cyst in one and multiple liver metastases of a 
thyroid medullary carcinoma in one. Eight patients were considered to be 
free of disease on the basis of available data, including those from clinical 
follow-up over more than one year and from all radiographic investigations 
performed. 

Lesion detection 

The results of both modalities in tumour detection are summarized in table 
4.1. In the eight patients considered to be free of disease, both methods ob- 
tained true-negative results. We found an overall sensitivity for localizing a 
paraganglioma of 91% for MR imaging and 80% for MIBG scintigraphy. On 
average 100% of the adrenal paragangliomas and 75% of the extra-adrenal 
paragangliomas were detected on MR imaging. The paragangliomas not 
detected by MR imaging were small (2-4 cm in diameter). 

Table 4.2. Characterization of lesions as functioning paragangliomas 
from MIBG scintigraphic and MR imaging findings (with clinical 
information provided to observers). 

Diagnosis MIBG _ MRI 
Obst: Obs2 .. Obss Obs 4 
  

Functioning paragangliomas 17/22! 19/22 20/22 18/32 
Adrenocortical tumor -  Of1 0/1 Pee i ea 
Neuroblastomas Gfde wees Of 2 Oe 0/2 
Adenomas | (if0 ok SAO ee iGo 
yet di U/l FO PATE a de 
Renal cell carcinoma 0/1 OAs Ost 0/1. 

Neurofibroma Sit pee 0/1 aL Le 
Liver metastases of MCT — 0/1 0/1 ye eos 
Total Ce pod 19/31 24/31 20/ a 
  

+The ratio indicates the number of lesions characterized as par some nn by the observer 

compared to the total number of lesions present, i 

* Indicates false-positive characterization,
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With MIBG scintigraphy 75% of the adrenal phaeochromocytomas and 
88% of extra-adrenal paragangliomas were detected. The paragangliomas 
missed at MIBG scintigraphy measured from 1 to 4 cm in diameter. Of the 
false-negative scintiscans (i.e. failure of scintigraphy to demonstrate surgical- 
ly proven paragangliomas) only one was caused by failure of the para- 
ganglioma to take up MIBG. Sensitivity for MIBG scintigraphy was not de- 
creased by the inclusion of I-131 MIBG studies, since both nuclear medicine 
physicians correctly identified the tumours in all five patients who under- 
went this alternative examination. 

With respect to paraganglioma sites, all observers were in agreement in 
77% of patients. 

Tumour characterization 

The capacity to positively identify paragangliomas was assessed after reveal- 
ing the clinical data to the observers. The results are summarized in table 4.2. 

In the eight patients without disease all observers correctly scored the ab- 
sence of a functioning paraganglioma (true-negative). 

On the basis of these latter results overall sensitivity in the characteriza- 
tion of functioning paragangliomas is calculated as 82% for MIBG scinti- 
graphy and 86% for MR imaging. Specificity in tumour characterization was 
100% and 82% respectively. 

4.5, DISCUSSION 

Thus far no study has provided a definite answer to the question as to what 
should be the first procedure to be performed for the detection and localiza- 
tion of functioning paragangliomas. In the past, comparison between I-131 
MIBG scintigraphy, CT and MR imaging was made by Quint et al. [19] and 
Velchik et al. [20]. They found these modalities to be nearly equivalent in the 
detection of paragangliomas. We obtained similar results in the localization 
of functioning paragangliomas by MR imaging and I-123 MIBG scinti- 
graphy. Because of its inherent limitations, the role of CT in the detection of 
functioning paragangliomas will certainly become less important and there- 
fore it was not included in our study. As, until this moment, neither of the 

two other techniques has demonstrated absolute superiority, the choice of 
the first localization procedure to be performed should be based on the 
respective merits and demerits of these techniques. 

In our study, MR imaging demonstrated a high sensitivity in the detection 
of paragangliomas. This sensitivity could not be determined in the studies 
by Quint et al. [19] and Velchik et al. [20], which were performed on groups 

of patients with proved paragangliomas only. Our study included a substan- 
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Figure 4,14, Functioning paraganglioma in a 25-year-old 
patient receiving labetalol medication for synrptoms. A) 
Anterior (left) and posterior (right) I-123 MIBG scintt- 
grains ee under labetalol medication show no ab- 
normal uptake. B) Transverse T1-tweighted (SE TR 300/ 
TE 20) MR image and C) transverse T2-tweighted (SE 
TR 2000/TE 100) MR image reveal left retroperitoneal 
extra-adrenal tumour displacing the left hilar renal vessels 
(arrow). The high signal in seneily is compatible with a 
functioning para ee D) Anterior and posterior 
views of 1-131 MIBG scintigrams obtained after cessation 
of labetalol medication demonstrate a function ing paragan- 
glioma in left adrenal region (arrow). (L = left, R = right). 

tial number of patients with other tumours 
mimicking functioning paragangliomas 
and a number of patients without a tumour. 
Even when strict criteria are applied for 
selection, the majority of patients imaged 
for possible functioning paragangliomas 
will not have the disease. In such patients 
other lesions may cause symptoms similar 
to those of functioning paragangliomas. As 
MIBG scintigraphy reflects tracer-uptake 
in adrenergic nervous tissue, tumours of 
the adrenal cortex producing hypertension 
are not visualized. Patients with sporadic 
or familial paragangliomas may have asso- 
ciated tumours such as renal tumours, islet 

cell tumours, neurofibromas and tumours 
associated with the MEN syndromes, that 
remain undetected with MIBG scinti- 
graphy. Our study clearly demonstrated 
the superiority of MR imaging in the detec- 
tion of associated tumours and adrenal 
tumours that mimic functioning para- 
gangliomas. MR imaging is especially 
useful for differentiating adenomas from 
phaeochromocytomas on the basis of sig- 
nal intensity characteristics. Differentiation 
from metastases and other adrenal tu- 
mours is possible to a certain degree, pro- 
vided that quantitative data are used as 
well as other morphologic criteria [21, 22]. 

Metaiodobenzylguanidine scintigraphy 
has a high specificity in characterizing para- 
gangliomas. However, early reports of
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Figure 4.15. Phaeochromocytoma in a 60-year-old man 
with syinptoms typical of a functioning paraganglioma. 
He received no medication at the tinte. A) Posterior [-123 

B) Transverse Tl-weighted (SE TR 250/TE 50) MR image 
shows small mass in right adrenal gland (arrow). 
C) Transverse T2-weighted(SE TR 1200/TE 50) MR im- 

age shows high-intensity mass, that proved to be a phaeo- 
chromocytoma (arrow). 

specificity approaching 100% must be 
amended, given the other neural crest- 
derived tumours reported to accumulate 
MIBG. These other types of tumours, 
capable of taking up MIBG (neuro- 
blastoma, carcinoid, medullary carcinoma, 
choriocarcinoma, atypical schwannoma, 
Merkel skin cancer and oat-cell carcinoma) 
were virtually absent in our study. This 
has certainly contributed to the superior 
specificity of MIBG for tissue characteriza- 
tion in this study. 

The effectiveness of MIBG scintigraphy 
can be adversely affected by concomitant 
use of medication. Metaiodobenzylguani- 
dine uptake is inhibited by various agents, 
including insulin, imipramine, desmethyl 
imipramine, other tricyclic antidepres- 
sants, amphetamine like drugs, reserpine, 
cocaine, phenylpropanolamine, nifedipine 
and labetalol (figure 4.14) [23]. 

Some phaeochromocytomas even have 
a deficient uptake or storage mechanism, 
which prohibits the portrayal of para- 
gangliomas by MIBG altogether (figure 
4.15). By contrast, the concomitant use of 
medication does not interfere with the 
localization of functioning paragangliomas 
by means of CT and MR imaging. 

The possibility of MR imaging to screen 
multiple sites with optimal plane selection 
and outstanding contrast is an advantage 
over CT, by which screening of an exten- 
sive anatomical area is limited by the cum- 
bersome ‘salami technique’. Multiplanar 

MIBG scintigram shows normal pease (L = left, R = right). 
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imaging with MR imaging allows large anatomic regions to be imaged with 
outstanding contrast and within a reasonable time by adjusting the scan 
plane. The imaging time taken to screen the mediastinum and abdomen 
using whole-body MR imaging is approximately 1.5 hours if no additional 

procedures are performed such as detailed imaging with surface coils or the 

intravenous injection of contrast media. The introduction and improvement 
of fast MR imaging methods should help reduce the examination time in the 
foreseeable future [24, 25]. 

Metaiodobenzylguanidine scintigraphy provides useful functional infor- 
mation and can be used for lesion detection. However, its images are limited 

by poor anatomical resolution which necessitates additional imaging studies 

(either CT or MR imaging) for more precise localization of lesions. The aver- 
age imaging time with MIBG scintigraphy is about 20 minutes for each 
imaging day if no special procedures are performed such as SPECT or spot 

views of equivocal regions. Total procedure time with MR imaging is con- 

siderably less than scintigraphy which requires at least a day wait before 
definite results are available. 

As a substantial number of patients not suffering from phaeochromo- 
cytoma will inevitably be imaged it becomes questionable whether the risks 
of radiation hazard from whole-body CT or MIBG scintigraphy outweigh 

the disadvantages of whole-body MR imaging for the initial screening of the 

sympathetic chain. The absence of an ionizing radiation hazard with MR 
imaging is especially of interest when screening families at risk of develop- 
ing functioning paragangliomas or in patients with a previous resection of a 
phaeochromocytoma. Whole-body MR imaging might be found to be highly 
useful for the yearly follow-up to detect any recurrent tumour at an early 
stage without the potential danger of accumulating radiation dose. 

Patients with pacemakers, artificial cardiac valves and vascular clips in 
the head can be evaluated with MIBG scintigraphy and CT without any risk, 
contrary to MR imaging. The relative disadvantages of claustrophobia and 
unco-operative patients can be reduced with proper medication prior to an 
examination with CT and MR imaging. 

Adequate preoperative localization of sympathomedullary disease justifies 
posterior adrenalectomy without extensive surgical exploration in most 
patients, thus reducing the average hospitalization from two weeks to one 
week. To obtain accurate anatomic information MIBG scintigraphy has to be 
supplemented by either CT or MR imaging. In the screening of patients with 

sympathomedullary disorders, MR imaging is generally less expensive than 

the combined approach of MIBG scintigraphy (detection) followed by an 

anatomic imaging procedure (assessment). We have discussed the advan- 

tages and disadvantages of both techniques more extensively elsewhere [22]. 

Because of its important advantages, we suggest that MR imaging should be 
the modality of first choice in imaging patients with suspected para- 
gangliomas. Metaiodobenzylguanidine scintigraphy should be performed
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when MR imaging results are equivocal or when functional information is 
needed. 

4.6. PROPOSED PROTOCOL FOR MR IMAGING EXAMINATION 

On the basis of our experience, we have developed the following proposal 
for whole-body MR screening of patients suspected of having functioning 
paragangliomas: 
1) Patients are examined at 0.5 T using a body coil for initial screening of 

the abdomen (more than 95% of functioning paragangliomas is located 
in the abdomen). The imaging plane is coronal. A spin-echo technique 
is used to obtain Tl-weighted (TR 300/TE 20) images. T2-weighted 
images are obtained with a gradient-echo technique (TR 650/TE 
28/30°). The imaging technique includes multisection acquisition with 
a slice thickness of 1 cm, an intersection gap of approximately 1-2 mm, 

an acquisition matrix of 179 x 256 and a display matrix of 256 x 256. 
The introduction of low signal intensity contrast material into the 
bowel loops may facilitate differentiation between tumour masses and 
bowel loops on T2-weighted images. 

2) Transverse T1- and T2-weighted images of the adrenal area are obtain- 
ed using the same technique. The field of view is 300-400 mm. 

3) Following investigation of the abdomen and adrenals the region of the 
diaphragm up to the base of the skull is imaged. Coronal images are 
obtained using a multislice spin-echo technique with ECG triggering. 
The repetition time is determined by the heartbeat interval. For T1- 
weighted images an echo time of 30 msec and a repetition time of one 
heartbeat interval is used, and for T2-weighted images echo times of 50 
and 100 msec and a repetition time of two heartbeat intervals is used. 
For coronal images the field of view should be 500 mm. The number of 
measurements per data line is two for T2-weighted sequences and four 
for T1l-weighted sequences. 

4) The use of intravenous contrast agents such as gadopentetate 
dimeglumine is only recommended in selected cases, in order to dif- 
ferentiate between vascular adrenal masses such as malignant tumours 
and phaeochromocytomas and hypovascular masses such as adenomas, 
cysts and haemorrhage. Because of the natural contrast between vas- 
cular structures and surrounding tissues in MR imaging, opacification 
of vessels with intravenous contrast agents as in CT is not necessary for 
delineation. 
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4.7. CONCLUSIONS 
MR imaging is at least as effective as MIBG scintigraphy in the detection of 

functioning paragangliomas. MR imaging allows a certain degree of tumour 

characterization that in conjunction with clinical and biochemical findings 

permits good differentiation of functioning paragangliomas from other 

tumours. 
Because of absence of radiation hazard and superior anatomical resolu- 

tion whole-body MR imaging should be the primary choice in imaging patients 
suspected of having functioning paragangliomas. 

MR imaging is also well-suited for the screening and follow-up of patients 

with an increased risk of developing paragangliomas, eliminating the bur- 

den of accumulating ionizing radiation doses inherent to repeated CT and 
MIBG scintigraphic investigations. 

As MIBG scintigraphy reflects concentration of adrenergic nervous tissue, 

incidental tumours of the adrenal cortex remain undetected. However, MIBG 

scintigraphy can provide functional information and is useful in cases where 

MR imaging findings are equivocal. 
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MIR IMAGING SCREENING 
OF KINDRED AT IRISK 

OF DEVELOPING PARAGANGLIOMAS 

5.1. INTRODUCTION 

Paragangliomas of the head and neck region, also known as glomus tumours 
or chemodectomas, arise from paraganglionic tissue at the carotid bifurca- 
tion and in the jugular fossa, the middle ear and the superior mediastinum. 
Together with the aorticosympathetic, visceral autonomic and intravagal 
paragangliomas and adrenal phaeochromocytomas they form a class of tu- 
mours known as paragangliomas [1]. 

At least 30% of glomus tumours are familial in origin. Multiple tumours 
occur in approximately 25 to 35% of patients with familial disease, but in less 
than 5% of those with the non-familial type [2]. 

Several authors have found the hereditary pattern of familial glomus tu- 
mours to be autosomal dominant [2, 3]. Recently, however, during a retro- 

spective analysis of medical records from 15 affected kindred groups, van 
der Mey et al. found that the clinical manifestation of the disease is deter- 
mined by the sex of the transmitting parent [4]. Children of female gene car- 
riers never showed tumour growth, while the prevalence in offspring of 
male gene carriers increased with age to the expected 50% for an autosomal 
dominant disorder. This finding can be explained by genomic imprinting, 
i.e, the maternally derived gene is inactivated during odgenesis and can only 
be reactivated during spermatogenesis. For several disorders including 
Huntington’s disease and myotonic dystrophy, this new concept has been 
suggested as a possible explanation for differences in clinical presentation, 
age of onset and severity that seem to be related to the parental origin of the 
disease gene. Its suggested role in carcinogenesis is supported by the finding 
that deletions or losses of chromosome 11 that occur in sporadic cases of 
Wilms’ tumour almost always involve the chromosome of maternal origin [5]. 

Paragangliomas are potentially capable of catecholamine production. The 
proportion of catecholamine-secreting paragangliomas is thought to be high 
for adrenal phaeochromocytomas, intermediate for aorticosympathetic and 
visceral-autonomic paragangliomas and low for paragangliomas of the head 

* MRI screening of Kiara at risk of develorics parage ngliomas: support for genomic imprint- 
ing in hereditar a eles tumours. APG van Gils, AGL van der Mey, KPLM Hoogma, 
LA Sandkuijl, PD Maaswinkel-Mooy, THM Falke, EK] Pauwels. Br ‘Cancer 1992;65:903-907
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and neck region [6]. We previously reported that the prevalence of hormon- 
ally active glomus tumours and their association with other paragangliomas 
in non-familial cases might be well higher than has been previously suspect- 
ed [7]. 

Initially, paragangliomas are often small and extremely slow-growing 
and hardly cause symptoms. As a result of this indolent growth pattern, the 
number of affected relatives and the percentage of hormonally active tumours 
may well have been underestimated in the past. It is, however, important to 

identify familial cases, as their offspring may also carry a 50% risk of devel- 
oping tumours. Early identification of new cases and of new lesions ina 
known patient is relevant since glomus tumour growth may eventually lead 
to destruction of adjacent structures and to harmful hormonal activity. 

Magnetic resonance (MR) imaging has been found very effective in the 
detection of paragangliomas. Its good anatomical resolution, the absence of 
radiation hazard, and the redundancy of contrast media containing iodine 
make MR imaging useful as a screening modality in patients suspected of 
having these tumours [8]. 

With these considerations and the above posiulated new genetic theory in 
mind we screened a large, representative kindred group at risk of develop- 
ing glomus tumours and other paragangliomas, using MR imaging as a pri- 
mary screening tool. Free urinary catecholamines and vanillylmandelic acid 
(VMA) levels were measured to detect endocrine-active lesions. The purpose 
of our study was to acquire greater certainty as to the true number of affec- 
ted family members and as to the number of lesions with endocrine activity 
by diagnosing all possible cases. Our extensive evaluation of this unique 
family also enabled us to test the hypothesis that tumour development only 
occurs in offspring of male gene carriers. Detection of subclinical lesions in 
children of female gene carriers would be inconsistent with the predictions 
according to the genomic imprinting theory. 

5.2. | PATIENTS AND METHODS 

Patients 

Between January and December 1990 ninety (90) members of a large kindred 
group all aged above 18 years and at risk of developing paragangliomas 
were invited for screening. Two deceased and eight living members had 
been previously diagnosed as glomus tumour patients. Most relatives were 
resident in the neighbourhood of our hospital which facilitated screening. 
Seven relatives declined to participate for various reasons. All participants 
gave informed consent and the study was approved by the local ethics com- 
mittee. 
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The screening programme included a medical history, physical and oto- 
laryngological examination, whole-body MR imaging and determination of 
free urinary catecholamine excretion in all subjects. Blood was collected 
from participating family members for DNA linkage studies. For confirma- 
tion of glomus tumours, contrast-enhanced computed tomography (CT) or 
angiography was performed. Where a hormonally active lesion was suspect- 
ed [-123 MIBG scintigraphy was used. Clinical information concerning de- 
ceased members of early generations of the kindred group was obtained 
from medical records or death certificates. All individuals found to have 
paragangliomas as well as their parents were classified as obligate gene 

carriers. 

Magnetic resonance imaging 

Patients were examined at 1.5 T using a Gyroscan-S15® (Philips, Best, The 
Netherlands) scanner. In all cases a body coil was used. Imaging technique 
included multisectional acquisition of the head and neck area with 1 cm-thick 
transverse slices, intersection gaps of approximately 1 mm, an acquisition 
matrix of 179 x 256 and a display matrix of 256 x 256. The field of view was 
240 mm. Patients were examined with a spin-echo sequence TR 2200/TE 30- 
80 and a spin-echo sequence TR 600/TE 20 before and after intravenous in- 
jection of 0.1 mmol/kg gadopentetate dimeglumine (Magnevist® Schering, 
Berlin, Germany). After imaging of the head and neck area, T1- and T2- 
weighted coronal images of the abdomen and mediastinum were taken in 
two series using a field of view of 500 mm. If this routine scan was equivo- 
cal, a more meticulous examination of the area of interest was carried out 
using transverse T1- and T2-weighted images. Total procedure time varied 
from 1.5 to 2 hours. All studies were reviewed independently by two inves- 
tigators. 

Computer tomography 
Patients who had one or more chemodectomas in the head and neck region 
on MR images were further investigated with contrast-enhanced CT using 
6 mm thick adjacent coronal and 9 mm thick adjacent axial slices of the head 
and neck. 

Catecholamine measurements 

The urinary excretion of norepinephrine, epinephrine, dopamine and vanil- 
lylmandelic acid was assessed in 24-hour urine samples collected on three 
consecutive days. Norepinephrine, epinephrine and dopamine levels were 
assayed by high-performance liquid chromatography (HPLC) and electro-
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chemical detection (Coulochem 5100 A ESAR). Vanillylmandelic acid levels 
were measured by colorimetry after paper chromatography. 

Scintigraphy 

Patients in whom elevated urinary catecholamine levels were found under- 
went 1-123 MIBG scintigraphy. A list of all drugs recently used was obtained 
to rule out interference with 1-123 MIBG uptake; special attention was paid 
to drugs such as reserpine, tricyclic anti-depressants, phenylpropanolamine 
and sympatholytic agents. Thyroidal uptake was blocked by the administra- 
tion of Lugol's solution, ten drops three times daily (50 mg of iodine) for five 
days, starting the day before injection. Each patient was injected intravenous- 
ly with 370 MBg 1-123 MIBG while in the supine position. 

Anterior and posterior digitized images of the total body and four images 
of the head and neck were obtained 24 hours and 48 hours after injection. 
Additional single photon emission computer tomography (SPECT) of the 
head and neck was performed 24 hours after the injection. From the SPECT 
study, 5.3 mm thick transaxial, sagittal and coronal slices were reconstructed. 

Statistical analysis 

In all analyses an autosomal dominant mode of inheritance was assumed, 
with age-dependent penetrance as described elsewhere. Briefly, five age 
classes were defined (15-20 years, 20-30, 30-40, 40-50, and over 50 years of 
age) with penetrances of 10%, 35%, 65%, 90% and 95% respectively. 

Likelihoods were calculated using version 5.03 of the Linkage package of 
computer programmes, with the frequency of the gene fixed at 0.0001 [9]. 
For the likelihood calculations under genomic imprinting the penetrance in 
children of female gene carriers was assumed to be 0.0, irrespective of age. 

5.3. RESULTS 

One member (V-25) underwent clinical examination but did not have an MR 
imaging examination because of claustrophobia. In this patient computed 
tomography of the head and neck was performed instead. Individual IV-15, 
who is an obligate carrier and may well have the disease subclinically, and 
three of his five children who are at high risk of being affected, refused MR 
imaging or CT screening despite several requests. All other participants 
completed the study. 
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Glomus tumours 

Table 5.1 lists the clinical, hormonal and MR imaging findings of the affected 
family members with one or more tumours. Examination of medical records 
revealed two deceased members (IL-3, 1V-18) in whom glomus tumours had 
been diagnosed by means of angiography and surgery. In the family mem- 
ber IV-4 who died from amyotrophic lateral sclerosis, no evidence of glomus 
tumours had been found on previously performed contrast-enhanced CT ex- 
aminations. The past medical and familial history of relatives II-1, II-2, II-1, 

Il-2 and IV-5 did not suggest the presence of paragangliomas. 
Clinical examination of the eight previously diagnosed glomus tumour 

patients revealed no new tumours. Among their relatives one (IV-10) com- 
plained of unsteadiness which she attributed to old age, but no tumours 
were found on physical examination. In another relative (IV-20) who also 
suffered from neurofibromatosis, bilateral carotid masses were felt in the 
neck, 

In the eight known patients, the MR imaging examinations of the head 
and neck demonstrated all previously diagnosed tumours and in addition, 
two hitherto unrecognized glomus tumours in two of the subjects (IV-17, 
V-13). In six undiagnosed relatives ([V-10, IV-13, IV-20, IV-22, V-64, V-66) 
ten chemodectomas were found on MR imaging. In total MR imaging 
demonstrated 20 glomus tumours comprising eight carotid body tumours, 

three vagal body tumours and nine jugulo-tympanic tumours. Of the 14 
living patients seven had multicentric lesions (50%). Tumour diameter 
ranged from 5 mm to 70 mm. A small vagal body tumour and a carotid body 
tumour were not visible on CT, but were confirmed by angiography. 

In the patient with neurofibromatosis on MR images subcutaneous neuro- 
fibromas and a large skull lesion were found. The latter proved to be a so- 
called ‘lambdoid defect’ on skull roentgenograms [10]. Furthermore, in one 

relative, MR imaging showed a small cerebellar vascular malformation that 
was considered to be a coincidental finding. 

Functioning paragangliomas 

All participants underwent the urinary screening tests. Only one of the known 
patients (V-19) had a history that was indicative of a functioning paragan- 
glioma, i.e. hypertension, episodic headaches, palpitations and heavy perspi- 
ration. This patient and two of the relatives (V-12, V-64) were found to have 
elevated urinary excretion of catecholamines. In two subjects (V-19, V-64) 
MR imaging and MIBG scintigraphy revealed an adrenal phaeochromocy- 
toma. After removal of the phaeochromocytomas catecholamine production 
normalized in both patients. In the third person (V-12) there was a strong 
[-123 MIBG uptake by a small carotid body tumour. No other paragan- 
gliomas were present in this patient. On removal of the carotid body
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Figure 5.1, Pedigree of investigated family. 

= tumour, catecholamine production returned to normal. None of the others 

es had signs or symptoms suggesting a hormonally active tumour. 
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Else 2 occur separately, Eleven men and five women were affected. In six previous- 

< uw & 5 ly undiagnosed individuals the disease could be established by means of MR 
8 meals Ce 2 @ § imaging. Nine male gene carriers had 16 affected and 18 unaffected children. 

eT ge > Q aE In the offspring (n=15) of three affected females no clinical evidence sugges- 

Te ee eles S & 5 tive of paragangliomas or MR imaging abnormalities could be detected. In 
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ren? [= & 8 & ly active and non-active paragangliomas are clinically occult both in known 

— ss a § § patients as well as in asymptomatic family members. By MR imaging and 
Ad Bo 2 catecholamine testing we detected a number of new patients and new tu- 
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= fas Tee 33 3 paraganglioma kindred groups have been incomplete. 
Ng — Bs c C) ee The new cases of glomus tumour that were detected in this study occur- 

PG Ngee Fee red only in persons that had inherited the disease gene from their father. 
a6 ee aie Our new findings are completely consistent with predictions based on the 
| 8e Lin genomic imprinting theory, i.e. the gene is transmitted by both men and 

12S ; re S women, but only leads to disease manifestations when inherited via the 

L—[ |e ELE] = 5 © father. Given a complete autosomal dominant transmission, the three affect- 
us rae = 3 3 ed females should have had seven or eight affected children, but they had 

28 +—{ as ge s none. These observations are summarized in our statistical evaluation, 
s&s which provides convincing odds supporting the genomic imprinting hy- 

© pothesis. 
eS — > a « On the basis of this theory and the high percentage of asymptomatic 

= patients found in our study, it can even be speculated that a proportion of 
ostensibly sporadic glomus tumours are in fact familial tumours that have 
been transmitted over several generations by the maternal line or by male
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Table 5.1. Demographic, clinical and imaging findings of 
paraganglioma patients. 
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Signs and symptoms 

  

  

Pedigree Age Gender Endocrin. findings 
identtfi- 
cation 

A (IL-3) 49 M puls. tinnitus, na. 
hearing loss 

B(IV-10)* 70 F vertigo, unsteadiness hypertension 
C (IV-11) 53 F hearing loss 
D UV-13)* 64 M none 

E (IV-16) 48 M hearing loss 
F (IV-17) 45 M puls. tinnitus, 

-eervical mass k 
G (IV-18) 19 F na. na 

H(iv-20)* = 48 M bilateral cervical mass 

I (IV-22)* 43 M none na 
J (V-11) ao M vagal nerve lesion, 

middle ear mass 
K (V-12) 27 M cervical mass catechol 
L (V-13) 25 1 hearing loss 

M (V-19) 26 M facial nerve lesion, hypertension, 

middle ear mass catechol 

N(V-64)* 31 M. none hypertension, 
catechol 

O (V-66)* 2/ M none 
P (V-67) 18 F cervical mass 

MR imaging Diagnosis Special Remarks 
findings 

n.a. GJT Bilat. Angiography and 
surgery findings only. 

GJT GJT 
GJT GJT 
GJT/GJT GJT Bilat. 
GJT GJT 
GV1T/GCT GV1I*/GCT 

n.a. GIT Died abroad from 

intracranial extension GJT. 

GCT/GCT GCT Bilat. Cutaneous neurofibomas and 
Neurofibroma Neurofibroma lambda skull defect on MR images. 
GCT/GJT GCT/GJT 
GJT ! GIT 

GCT function. GCT MIBG uptake by GCT. 
GJT/GVT GJT/GVT* GVT not visible on CT, 

confirmed by angiography. 
GJT/Phaeo GJT/Phaeo* MIBG uptake by left adrenal. 

GVT/GCT/Phaeo GVT/GCT/Phaeo MIBG uptake by right adrenal. 
i GCT only visible on angiogram. 

GCT GCT 
GCT GCT 
  

  

* New patient or tumour diagnosis, 

fa. = not available. Seri 

patients with undetected tumours. A more accurate assessment of the pro- 
portion of isolated cases can only be obtained when the genetic defect has 
been characterized. 

We dealt with a familial tumour syndrome. The common characteristics 
of the familial tumours are increased risk to the families of the patients, lower 
age of onset and multiplicity of tumours. The average age of tumour diag- 
nosis in non-familial patients is 42.5 years, compared with a mean age at di- 
agnosis of 38.8 years in our group [2]. In the fifth generation, in part due to 

our screening efforts, tumours were even diagnosed at a much earlier age 
(table 5.1). The more advanced age for tumour diagnosis in non-familial 
patients is probably due to the lack of suspicion and the initial absence of 
symptoms. Even in our group with highly aware individuals, some affected 
members had reached an advanced age without any disturbing symptoms. 

In the living patients, multiplicity (50%) and hormonal activity (21%) was 
diagnosed in a considerably higher frequency than has been reported in the 
past [2, 6]. This difference may entirely be accounted for by the high sensiti-
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vity of MR imaging and consistent testing for free urinary catecholamines 
with the highly accurate HPLC technique [11]. These procedures were not 
used until recently. 

As a screening method for paragangliomas, MR imaging proves to be far 
superior to physical examination, during which small glomus tumours, in 
particular vagal and jugulo-tympanic tumours escape recognition altogether. 

MR imaging offers several advantages compared with other diagnostic 
possibilities such as angiography, contrast-enhanced computed tomography 
and 1-123 MIBG scintigraphy that we have discussed previously [8]. More- 
over, MR imaging can detect chemodectomas smaller than 5 mm, while con- 
trast-enhanced CT only allows detection of tumours greater than 8 mm [12]. 
In our group this higher sensitivity of MR imaging was nicely illustrated by 
two tumours which, because of their small size, could only be confirmed by 

angiography and not by contrast-enhanced CT. 
Sequential MR imaging examinations can provide insight into the natural 

course of paragangliomas and provide essential information for genetic stud- 
ies by exclusion of the disease in unaffected persons or by detection of tu- 
mours in a very early stage. A systematic search is currently under way to 
further elucidate the specific genetic defect in hereditary glomus tumours. 
Screening with MR imaging facilitates linkage analysis by increasing the num- 
ber of affected members. 

At present there are no guide-lines for screening at-risk relatives. Accu- 
rate risk assessment in family members depends on assumptions about the 
mode of inheritance and the role of genomic imprinting. Risk estimates for 
offspring of females will be very much different if one takes into account the 
possibility of genomic imprinting. When the gene responsible for familial 
chemodectomas has been mapped, further confirmation of the genomic im- 
printing theory will be possible and accurate risk calculations will indicate 
family members with a very high risk of being gene carriers. Regular screen- 
ing including MR imaging can be offered to those high risk subjects. The ab- 
sence of adverse side effects will be of major advantage as it is necessary to 
follow these individuals for several years given the metachronous tumour 
occurrence [13]. Considering the fact that tumours are already found in 
patients aged 18 to 25 and that morbidity and mortality are directly related 
to size and extent of the tumour, it would seem wise to initiate screening 
around the age of 20. Urine analysis for catecholamines should always be 
included as clinical symptoms suggestive for functioning tumours may be 
sparse [7]. This paucity of symptoms and the presence of only minimal bio- 
chemical abnormalities bears a striking resemblance to the behaviour of 
phaeochromocytomas in MEN II patients [11]. 

In the case of multiple paragangliomas and elevated catecholamine levels, 
such as our cases V-19, and V-64, one is not certain which tumour is active. 

In these cases MIBG scintigraphy is invaluable to localize the functioning le- 
sion that has to be removed first [7]. 
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One patient showed cutaneous neurofibromas and a lambda defect in the 
skull together with two carotid body tumours. The association of neurofibro- 
matosis with adrenal phacochromocytomas is well known but the combina- 
tion of neurofibromatosis and multicentric extra-adrenal paragangliomas has 
only been reported once in English literature [14]. A third case was found in 
German literature [15]. Although rare this combination constitutes further 

evidence for Bolande’s theory that both disorders are neurocristopathies [16]. 
In conclusion, by means of prospective screening with MR imaging, this 

study provides further evidence for the theory that inheritance of familial 
paragangliomas is subject to genomic imprinting. When a paraganglioma is 
detected an extensive search should be performed for additional tumours 
and familial occurrence should be considered. For this purpose, screening 
with MR imaging is the method of choice, not only because it has no adverse 
side-effects, but also because of its very high sensitivity. In keeping with our 
results in another non-familial patient group, hormonal activity was a not 
infrequent finding in this patient group. As symptoms and signs are usually 
minimal, periodic examination of individuals at risk will allow the detection 
of tumours and hormonal activity in a presymptomatic and still localized 
stage. This in turn allows therapeutic intervention at an early stage thus pro- 
viding a basis for secondary prevention. 
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QUANTITATIVE EVALUATION 
OF GADOPENTETATE DIMEGLUMINE 
PERFORMANCE IN MIR IMAGING 

OF HEAD AND NECK PARAGANGLIOMAS 
INCLUDING AFROC ANALYSIS 

6.1. INTRODUCTION 

Paragangliomas of the head and neck are highly vascular lesions, that can be 
demonstrated by contrast-enhanced computed tomography (CECT) and 
angiography. They originate from paraganglionic tissue (glomera) located at 
the carotid bifurcation, along the nodose ganglia of the vagus nerve and in 
the jugular fossa and the tympanic cavity. These tumours frequently occur 
as an autosomal dominant hereditary disease with tumour expression deter- 
mined by genomic imprinting [1]. Hereditary predisposition to develop para- 
gangliomas can nowadays be assessed by genetic testing before symptoms 
arise [2]. In at least 30% of cases more than one tumour may be present simul- 
taneously in the same patient at different locations [3]. 

In recent years magnetic resonance (MR) imaging has been applied to 
detecting and localizing these tumours. The absence of ionizing radiation 
and superb soft tissue contrast make MR imaging an ideal tool for screening 
and following subjects at risk of developing hereditary tumours including 
paragangliomas [4, 5]. 

Paragangliomas are isointense compared to surrounding structures on 
pre-contrast Tl-weighted images and difficult to recognize when small. On 
T2-weighted images these tumours show an increased signal intensity. Mul- 
tiple punctate and serpentine areas of signal void due to high-velocity flow 
in tumour vessels and a ‘salt and pepper’ heterogeneity were considered 
typical MR findings in a large majority of cases reported by Olsen et al. [6]. 

The administration of intravenous MR contrast media has been recom- 
mended for improved tumour detectability in paraganglioma patients [7]. 
Vogl et al. suggested the use of gadopentetate dimeglumine (Magnevist® 
Schering, Berlin, Germany) -enhanced T1-weighted imaging when no para- 
gangliomas are seen on unenhanced T1-weighted images without perform- 
ing T2-weighted series [8]. Although relatively safe, the intravenous admin- 
istration of these contrast media still constitutes an invasive procedure, and 
a number of side effects including anaphylactoid reactions may occur [9-14]. 
  

* Based on: MR diagnosis of paraganglioma of the head and neck: value of contrast 
enhancement. APG van Gils, R van den Berg, THM Falke, JL Bloem, HJ Prins, EH Dillon, 
AGL van der Mey, EK] Pauwels. AJR (in press).
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Furthermore, their use increases costs and may prolong examination time. 
For clinical MR examinations and in particular for studies performed to screen 
and follow-up persons at risk of developing paragangliomas, it is thus im- 
portant to assess whether gadopentetate-enhanced imaging indeed gives a 
significantly better detectability than unenhanced T2-weighted imaging. 

To date, comparative analysis of unenhanced MR imaging and contrast- 
enhanced MR imaging to assess the relative diagnostic efficacy of both meth- 
ods in detecting head and neck paragangliomas has not, to our knowledge 
been carried out. The aim of this study was to compare the relative diagnos- 
tic value of unenhanced MR imaging with MR imaging after intravenous in- 
jection of 0.1 mmol/kg gadopentetate dimeglumine in the evaluation of 
head and neck paragangliomas, using quantitative measurements of diag- 
nostic performance, free from observer bias. As the normal receiver-operat- 
ing-characteristic (ROC) analysis does not take into account the location 
information or the presence of multiple lesions in one examination, we made 
use of a recently introduced method called alternative free-response receiver- 
operating-characteristic (AFROC) analysis that does not have these limita- 
tions [15]. 

6.2. | MATERIAL AND METHODS 

Patient selection 

A total of 60 subjects (aged 21-73) who were referred to the department of 
diagnostic radiology at our institution for MR imaging of the craniocervical 
area from July 1989 to February 1992 were studied. In 37 patients the 
presence of 71 paragangliomas in the head and neck region had been 
confirmed by CECT (n = 28 patients), angiography (n = 18 patients), sonog- 
raphy (n = 20 patients) and 1-123 octreotide scintigraphy (n = 5 patients). 
Multicentricity occurred in 22 patients (59%). The highest number of tumours 
simultaneously present in one patient was five. There were 32 carotid body 
tumours, 17 glomus jugulare tumours, three tympanic tumours and 19 vagal 
body tumours. Ten of these tumours were postoperative tumour residues. 
Histology and surgical confirmation was available in 20 patients. Genetic 
confirmation of hereditary paragangliomatosis was available in 24 patients 
[2]. Twenty-three subjects who underwent the same investigation for various 
unrelated reasons and had been proved disease-free by genetic studies (n = 
14) or normal findings on MR as well as on CT (n = 11) were used for com- 
parison. 
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MR imaging technique 

    

Thirteen persons were examined with a 0.5-T Gyroscan-S5® scanner (Philips, 
Best, The Netherlands) and forty-seven persons with a 1.5-T Gyroscan-S15® 
scanner (Philips) using a head or body coil. To cover the entire region where 
head and neck paragangliomas may arise, imaging technique always includ- 
ed transverse multisectional acquisition of the head and neck area with 
7 mm-thick slices, interslice gaps of approximately 1 mm, an acquisition 
matrix of 179 x 256 and a display matrix of 256 x 256. The field of view was 
240 mm. Patients were examined at 0.5 T with unenhanced spin-echo se- 
quences of TR 2500/TE 50-100 and TR 500/TE 30 and at 1.5 T with unen- 

hanced spin-echo sequences of TR 2200/TE 30-80 and TR 600/TE 20. The 
T1-weighted sequence was repeated after intravenous injection of 0.1 mmol/kg 
gadopentetate dimeglumine. In all cases, the post-contrast sequence was per- 
formed in the same session as the unenhanced sequences. In most patients 
additional sequences were obtained with various other slice thicknesses and 
imaging planes and different imaging parameters. 

Image interpretation 

The studies were organized and randomized by two radiologists who were 
not later involved in interpretation. The unenhanced T1-weighted series, the 
T2-weighted series (proton density-weighted and strong T2-weighted images 
combined) and the enhanced T1-weighted series were each placed in an 
individual folder. Each folder contained a complete view of the region of in- 
terest (C5 - falx cerebri), Where one or two anatomic sections were missing 
from any of the MR pulse sequence studies, corresponding sections were 
deleted from all sequences of that patient to be sure that the same region of 
interest was compared. To make comparison more fair, coronal and sagittal 
images as well as gradient-recalled-echo (GRE) sequences and sequences 
with thinner slices additionally obtained in a number of cases were left out 
of the study. All patient identifying information was obscured with tape on 
the original hard-copy, laser camera images. The three folders of all examina- 
tions were numbered sequentially. 

Initially, two combinations: unenhanced T1-weighted and T1-weighted 
sequences after gadopentetate dimeglumine (combination A) and the unen- 
hanced T1-weighted combined with the T2-weighted sequences (combina- 
tion B) were presented in random order to four radiologists with extensive 
MR experience for independent interpretation and scoring. No clinical infor- 
mation was supplied. In the second phase of interpretation the three folders 
of each examination were aggregated and these combined sequences (combi- 
nation C) were again randomized for scoring. The readings were spread over 
six months with at least a two-week interval between sessions.
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The readers did not know the proportion of normal cases and were asked 
to separately describe the presence of paragangliomas larger than 5 mm and 
their location according to a four level scale of confidence: 4 = definitively 
positive, 3 = probably positive, 2 = possibly positive, 1 = probably negative. 
This scale corresponds with a five level ROC scale because a negative response 
is classified as 0. Time for reading was unlimited. 

Furthermore, the readers were asked to comment on the following aspects: 
(1) the diagnostic quality of images; (2) the morphologic and signal charac- 
teristics of the unenhanced tumour, with special emphasis on the presence of 
flow-void phenomena in the tumour; (3) the degree of enhancement after 
gadopentetate dimeglumine administration, using a four grade scale: none, 
poor, moderate, and strong enhancement; (4) additional diagnostic informa- 

tion from post-contrast sequences; (5) the delineation of the tumour from 
surrounding structures, (6) the reader's subjective preference for a sequence. 
The results of the four readers for the image findings were averaged. Com- 
pleted score sheets for each individual combination were then collected. The 
standard of reference was established by three study coordinators who did 
not take part in the interpretation sessions, and was based on all available 
genetic, imaging, clinical and surgical findings. 

Statistical analysis 

The evaluation of the data consisted of two parts. First, the scoring results of 
the four readers for the subset of the 37 patients with disease were subjected 
to an AFROC analysis with assessment of the number of true-positive lesions 
and the number of false-positive images (FPI) for each confidence level [15]. 

From this data, the area under the AFROC curve (A1) was calculated for each 
reader and each combination using the ROCFIT programme developed by 
Metz [16]. The individual ‘area under the curve’ values were compared by 
generating a critical ratio z using the Kendall correlation coefficient to correct 
for the correlation between data sets, a method described by Hanley and 
McNeil [17]. The AFROC areas were averaged for each combination and 
tested for significance of differences in performance by applying a one-factor 
analysis of variance for repeated measurements at the 95% confidence level 
[18]. Paired comparisons between the combinations were performed with 
the Fisher protected least-significant-difference test [19]. Composite AFROC 
curves were obtained by applying the maximum-likelihood curve fitting al- 
gorithm to the data pooled from all observers. These composite curves were 
made for illustrative purposes only and were not used for statistical analysis 
[20]. 

Second, we also performed a matrix analysis of all cases. To this end, each 

study was divided into six regions i.e. bilateral carotid, vagal, and jugulo- 
tympanic regions. For practical purposes tumours arising in this latter 
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region were combined, as it was often not possible to determine the jugular 
or tympanic origin irrefutably [21]. The rating data were attributed to these 
six regions, taking ‘4’, ‘3’ and ‘2’ as positive responses and ‘1’ and the im- 
plicit ‘0’ as negative responses. 

Sensitivity and specificity were calculated for each individual reader. The 
sensitivity was defined as the ratio of true-positive diagnoses divided by the 
number of tumours actually present (n = 71). The specificity was defined as 
the ratio of true-negative diagnoses divided by the number of negative regions 
(n = 289). The McNemar test was used to compare sensitivity and specificity 
for the individual readers [22]. The results of the sensitivity and specificity 

comparisons were combined with the Fisher procedure [23]. Interobserver 
agreement with a correction for chance was assessed with the k statistic [24]. 

The guide-lines suggested by Landis and Koch were used to interpret the 
degree of agreement: <0 poor, 0-0.20 slight, 0.21-0.40 fair, 0.41-0.60 moderate, 
0.61-0.80 substantial and 0.81-1.00 indicating perfect agreement [25]. 

6.3. RESULTS 

Image findings 

All examinations were considered adequate for interpretation by the four 
readers. Averaged over the interpreters, image quality was judged as excel- 
lent or good in 83% and as moderate or sufficient in 17%. Mean tumour 
diameter was 24 mm (range 5-90 mm ) (figure 6.1). On Tl-weighted images 
most tumours (74%) had a signal intensity comparable to muscle and lower 
than salivary gland tissue, whereas on T2-weighted images all tumours had 
a higher signal intensity than muscle. On T2-weighted images 60 percent 
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had a signal intensity equal to salivary gland tissue and 40 percent a signal 
intensity higher than salivary gland tissue. 

The flow-void phenomenon was more often noted on T2-weighted im- 
ages than on Tl-weighted images (40% versus 31%). Overall it was present 
in 34 tumours and occurred more frequently in tumours with a diameter of 
more than 20 mm (figure 6.1). Non-homogeneous appearance other than the 
flow voids caused by tumour vessels was present in 20% of the tumours. 

All tumours showed enhancement. Enhancement was, on average, judged 
by the interpreters as mild in 1.4% of tumours, moderate in 35.2% of tumours, 

and strong in 63.4% of tumours. There was homogeneous enhancement in 
77.4% of tumours and non-homogeneous enhancement in 22.6%, Substantial 

Table 6.1. Areas under the AFROC curves. 
  

Observer — Pre- and Post- Tl1-and T2-weighted All MR seq. 

  

No. Contrast T1-weighted MR imaging 
MER imaging 

1 G702— 3 -— 0.798* 0.775 
2 0.786 cg RAZ 0.835 
3 0.796  0.924* 0.871* 
4 0.753 B67 0.846 

Mean (SD) 0.761 (.051) 0.856" (.064) 0.8277 (.048) 
  

‘Significant difference with pre- and post -contrast T1-weighted MR imaging at P < 0.05 

(Critical Ratio). 

tsicnificant difference with pre- and post -contrast T1-weighted MR imaging at P < 0.05 

(Analysis of Variance). 

Table 6.2. Totaled ratings of all observers for combinations A/B/C* 
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*Combination A = unenhanced T1- and enhanced Fl-weighted sequences combined. 

Combination B = unenhanced T1- and T2-weighted sequences combined. 

Combination C = all sequences combined. 

Table 6.3. Overall Sensitivity/Specificity 
  

Observer Pre- and Post =< Ti-and T2-weighted All MR seq. 

  

_ No. Contrast T1-weighted 

1 69/91 — 72 (92 73 /.93 
3 73 | 98 80 /.96 82 /.93 
3 76 /.96 82 /.98 80 /.96, 
4 72/92 82* /.94 79/93 

Mean 73 94 79% /.95 78 /.94 
  

*Signiticant difference with pre- and post-contrast Tl-weighted MR imaging at P < 0,05 

(MeNemar). 

tSienificant difference with pre- and post-contrast Tl-weighted MR imaging at P< 0,05. 

(Fisher procedure).
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differences in enhancement rated to size were not observed. In all patients 
who underwent a second post-contrast sequence 6 to 12 minutes after injec- 
tion, enhancement was found to be persistently high. 

Tumour delineation was considered excellent or good in 77% and moder- 
ate or poor in 23% for proton density and T-2 weighted images versus 79% 
and 21% respectively for enhanced T1-weighted images. The readers preferred 
proton density-weighted images in 63% of cases, T1-enhanced images in 22%, 
T2-weighted images in 10% and T1-unenhanced images in 5%. 

Comparison of MR imaging pulse sequences 

AFROC curves for readers and combinations separately, show the areas under 
the AFROC curve for combinations B and C to be almost equal and both to 
be significantly larger than for combination A (table 6.1). The small difference 
between combinations B and C is largely due to the higher number of false- 
positives in the latter combination. As the method-related shifts in perfor- 
mance noted for the four readers were consistent, we pooled the data to make 
composite AFROC curves (figure 6.2). These curves were used for illustrative 
purposes only and not for statistical analysis. 

After attributing and dichotomizing the test results we found an overall 
sensitivity for tumour detection of 73% (95% confidence interval: 65-91%) in 
combination A (unenhanced and enhanced T1-weighted sequences). In combi- 
nation B (unenhanced T1- and T2-weighted sequences) the sensitivity was 
79% (72-96%). In combination C ( the combination of all sequences) sensitiv- 
ity was 78% (68-94%). The overall specificity for the diagnosis of normality 
was 94% (85-98%), 95% (89-100%) and 94% (87-100%) respectively. The totaled 
responses of the four observers rated to tumour size are listed in table 6.2. 
There were no major inequalities between the three combinations in the distri- 
bution of interpretative ratings varied with size. 

Interobserver agreement was substantial with k values ranging from 0.56 
to 0.77 and none of the combinations performing substantially better. 

A statistically significant difference in individual sensitivity and specifici- 
ty values when tested with the McNemar test was only found as regards the 
sensitivity of combinations A and B in the case of reader 4 (table 6.3). Combi- 
nation of the McNemar results by means of the Fisher procedure yielded a 
significant difference in sensitivity between combinations A and B (p < 0.05), 
eee the difference between combinations A and C approached significance 
p = 0.09). 

Analysis of tumours detected by combination C but not by combination B, 
showed 9 of the 25 instances (where the addition of gadopentetate dimeglumine 
influenced tumour detection positively) to be postoperative tumour residues 
(36%). The 50 false-positive interpretations made with method C but not 
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with method B were mostly due to strong enhancement of vessels or to er- 
rors involving enhancement of submandibular and parotid gland tissue. 

6.4. DISCUSSION 

The results of this study demonstrate that for the detection af head and neck 
paragangliomas the performance of the combination of unenhanced and en- 
hanced T1-weighted MR imaging is significantly poorer than that of the com- 
bination of unenhanced T1- and T2-weighted imaging and the combination 
of all sequences. There was little difference in performance between the lat- 
ter two combinations, which both included T2-weighted series. In other words, 
the addition of a T2-weighted sequence to unenhanced and enhanced T1- 
weighted images increased the detection performance of MR imaging signif- 
icantly. The addition of an enhanced T1-weighted sequence to unenhanced 
T1- and T2-weighted images on the other hand did not result in an increased 
overall detection rate. Indeed, although a procedure bias ought to have 
favoured the combination of all sequences, as this combination was studied 
separately after the first two combinations, its overall performance was 
marginally inferior. The slightly lower A1 values of all readers in the combi- 
nation of all sequences as compared to the combination of unenhanced T1- 
and T2-weighted sequences are largely caused by a higher number of false- 
positives due to misleading enhancement of vessels or salivary gland tissue, 
but also, to a lesser extent, to lower sensitivity for two of the readers. 

In addition, our results show that in selected cases there may be a comple- 
mentary role for gadopentetate dimeglumine. Although not at a statistically 
significant level, the enhanced T1-weighted sequence assisted detection in 
some of the tumours smaller than 2 cm, in particular postoperative tumour 
residues. 

The likelihood that a person will develop one or more paragangliomas in 
the head and neck can nowadays be predicted with very high accuracy by 
genetic testing [2]. This implies an additional screening role for MR imaging, 
subsequent to DNA analysis. Considering the absence of improved overall 
tumour detectability with gadopentetate dimeglumine, it would seem that 
the use of a contrast-enhanced sequence is not warranted under such circum- 
stances. Only where there is clinical suspicion of a postoperative tumour 
residue, should the addition of a contrast-enhanced T1-weighted sequence 
be considered. 

It can be argued that a higher dosage of gadopentetate dimeglumine (0.2 
mmol/kg) will provide a higher contrast with surrounding tissue and increase 
the detectability of tumours. In the specific case of head and neck paragan- 
gliomas, however, benefit will probably be minimal as the majority of tumours 
already shows strong enhancement at a dose of 0.1 mmol/kg. In our study, 
the differences in enhancement between tumours probably reflect differ-
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ences in vascularity. Variation in the time of starting the scan after injection 
could cause different degrees of enhancement, but in our study scanning 
was always started immediately after the injection. Moreover, although a 
highly increased signal intensity is present within 60 seconds [26] we found 
enhancement to be persistently high 6 to 12 minutes after injection. A dosage 
increase would therefore probably have had little effect on our results, 

Our results may not quite equal those which might have been achieved in 
a clinical setting where more information is available. Our method of blind- 
ing the readers was, for purposes of investigation, intended to be as rigourous 
as practically possible and may partially be responsible for the moderate sen- 
sitivities found. Readers received no information as to hereditary history, 
clinical findings, previous surgery or results from other imaging studies and 
reading by consensus or with conference between readers was avoided. 
Moreover, a higher number of small tumours was included than would 
probably have been encountered in a clinical situation. This was due to the 
inclusion of a large number of familial patients who often show hypertrophic 
paraganglionic tissue at various sites. Pathologically, hypertrophic tissue is 
considered a tumour when weighing more than 30 mg [27]. MR imaging on 
the other hand is able to depict paragangliomas with a diameter as small as 5 
mm [8]. We therefore considered 5 mm to be the maximum size for hyper- 
trophic tissue, This choice explains the high number of small tumours in our 
study. 

Consequently, we feel that our study results, although not completely 
representative of a clinical situation, certainly apply very well to a screening 
situation. On the other hand, this disproportionately high number of small 
tumours is outstandingly well suited to observer studies and provides excel- 
lent material with which to assess the efficacy of contrast media. Assessments 
of contrast media frequently rely on a visual grading with subjective assess- 
ment of diagnostic value. In our opinion such assessments would be of greater 
value if a more objective test was incorporated. In principle, ROC analysis is 
the most appropriate method, but it is subject to the above mentioned limita- 
tions. We therefore made use of AFROC analysis, a modified ROC technique. 
The implications of this technique as well as its advantages for dealing with 
an arbitrary number of lesions at multiple sites in one study instead of deal- 
ing with the presence or absence of one lesion per study have been clearly 
outlined by Chakraborty and Winter [15]. The area under the AFROC curve, 

just as that under the ROC curve, represents an index of performance and 
ranges from zero (chance accuracy) to one (perfect detection). It can easily be 
calculated by the widely available ROCFIT programme [15, 16]. 

Unlike the ROC curve, the AFROC plot does not indicate the false-positive 
fraction (FPF) of a modality on the x axis but rather the likelihood of obtain- 
ing a false-positive image, P(FPI). Although a FPI may contain an infinite 
number of false-positive responses at various sites in one image it is still 
counted as one false-positive decision. In theory this could favour one of the 
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combinations studied more than the others and cause a substantial difference 

with a binary test such as McNemar'’s. In our study, however, the false-positive 
responses were fairly equally distributed over all methods and examina- 
tions. The results of the additionally performed McNemar test thus largely 
concurred with those of the AFROC analysis. While not attempting to vali- 
date the AFROC technique we found this agreement of its results with those 
of the McNemar analysis to be striking. 

Delineation was more often judged better on proton density images than 
on enhanced T1-weighted images, even though all tumours showed enhance- 

ment, most of them markedly. Our T2-weighted series consisted of a long TR 

and an uneven-echo technique with a short TE and a long TE. The proton- 

density images in particular, often have the highest signal-to-noise ratio 
available and provide excellent views of the overall anatomy, especially the 
vessels that are intimately related to the paraganglionic system. For the detec- 
tion and delineation of paragangliomas the anatomic display of this sequence 
probably more than compensated for its lower soft-tissue contrast. In post 
operative cases the increased soft-tissue contrast with non-enhancing scar 
tissue, provided by gadopentetate dimeglumine, probably aided tumour 
detection where a distorted vascular anatomy and an already present asym- 
metry between left and right provided no clues as to the presence of a tumour. 

Flow void was observed in a lesser percentage in our study than found by 
Olsen [6]. This finding can be explained by the inclusion in our study of a far 
greater number of small tumours that do not tend to show the flow-void 
phenomenon. Flow void was more often noted on the T2-weighted sequences 
than on the enhanced and unenhanced T1-weighted sequences, which can be 
explained by the sensitivity of the T2-weighted sequences for flow in vessels. 
A second explanation can be found in the masking effect of gadopentetate 
dimeglumine on the flow voids in the tumour vessels. These vessels then 
demonstrate a high signal intensity due to enhanced blood thus reducing 
contrast with the surrounding tumour tissue. 

There is no doubt that the enhancing property of gadopentetate dimeglu- 

mine and its ability to make tumours stand out clearly are very valuable at- 
tributes in certain situations. Gadopentetate dimeglumine can also play an 

important role in characterization of various tumour types and lymph nodes. 

Contrast-enhanced MR imaging could potentially shorten the examination 

time if T2-weighted SE sequences are replaced by contrast-enhanced T1-weight- 
ed sequences. However, our study has shown that the combination of unen- 

hanced and enhanced T1-weighted sequences as suggested by Vog] et al. [8] 
is insufficient for the detection of head and neck paragangliomas. This implies 

that in fact more time is required as the contrast enhancement can only be 
achieved during an additional sequence, after performing unenhanced T1- 

and T2-weighted series. Besides, time lost in dosing the patient with an intra- 

venous infusion in the MR room also has to be taken into account. Further- 

more, the advantages of MR imaging as a non-invasive investigation are for-
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feited when a contrast agent is used. Although the risk of adverse reactions 
to gadopentetate dimeglumine is slight, it is certainly not negligible [28]. 
This fact applies under all circumstances but is particularly relevant in 
patients at risk of head and neck paragangliomas who require repeated ex- 
aminations over a prolonged period. Considering also the added cost of the 
contrast medium itself, the administration of gadopentetate dimeglumine as 
a matter of routine does not seem justified. 

As already stated, MR imaging for detection of paragangliomas will often 
be performed in persons at risk of developing these tumours or in patients 
already known to have such a tumour. Because this places more emphasis 
on tumour detection and tumour delineation than on tumour characteriza- 
tion we did not include other tumour types in this study and so the issue of 
efficacy of gadopentetate dimeglumine in differentiating paragangliomas 
from other tumour types was not addressed. Consequently, our findings 
cannot be directly transferred to the use of gadopentetate dimeglumine in 
other clinical situations. This, however, in no way detracts from the evident 

desirability of incorporating blinded observer studies to achieve objective as- 
sessment of the merits and deficits of contrast media for other tumour types. 

In conclusion, our results indicate that the administration of gadopentetate 
dimeglumine does not improve detection of head and neck paragangliomas 
significantly. On the contrary, contrast enhancement in fact led toa slight 
decrease in specificity. The extra time, effort, cost and additional risks involved 

in obtaining contrast-enhanced images are generally not justified. In the 
authors’ opinion the additional diagnostic yield of intravenous MR contrast 
media only outweighs the costs in patients with postoperative tumour residues. 
The results of this study have specific application only to the search for para- 
gangliomas of the head and neck, but we believe that the evaluation of con- 
trast media in other types of lesions should always include efficacy measure- 
ments by objective operator-independent tests. ROC or AFROC analysis could 
be valuable tools in this respect. 
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GENERAL DISCUSSION’ 

7A. INTRODUCTION 

The prospective application of MR imaging and MIBG scintigraphy to rel- 
atively large groups of patients revealed two important but unknown as- 
pects of these tumours. First, the clinical evidence for genomic imprinting in 
hereditary paragangliomas [1, chapter 5] and secondly, the occurrence of 
functional activity in glomus tumours and their association with other func- 
tioning paragangliomas. Remarkable is that these functioning paraganglio- 
mas caused relatively few symptoms of catecholamine excess [chapters 3 
and 5]. 

In contrast to sporadic functioning paragangliomas, the functioning para- 
gangliomas in MEN syndromes are asymptomatic in about 50% of cases, 
especially in the early course of development, and are only diagnosed as a 
result of increased suspicion [2, 3, 4]. This asymptomatic behaviour probably 
occurs likewise in hereditary paragangliomatosis and conceivably also in 
other syndromes associated with functioning paragangliomas such as von 
Hippel-Lindau disease and neurofibromatosis. 

The importance of timely detection of functioning paragangliomas lies in 
the fact that hypertension caused by the systemic effects of catecholamines is 
surgically curable in the majority of patients but if unrecognized carries very 
high morbidity and mortality rates. An early diagnosis of functioning tumours 
in these syndromes may be suggested by abnormalities of norepinephrine or 
its metabolites in plasma or urine [5]. Diagnosis and localization of these clin- 
ically silent tumours is of the utmost importance, because these patients may 
develop fatal paroxysms during surgery for associated tumours. 

In our studies by the combined use of biochemical methods and of the 
newer imaging techniques we detected a high number of catecholamine-se- 
creting paragangliomas, causing little or no symptoms, in familial as well as 
non-familial patients [chapters 3 and 5]. Furthermore, despite fairly 

* Based on: Non-invasive imaging of functioning paragangliomas (including 
phaeochromocytomas), APG van Gils, THM Falke, AR van Erkel, CJH van de Velde, 
EKJ Pauwels. Front Eur Radiol 1990;7:1-38, and on: MR imaging or MIBG scintigraphy for the 
demonstration of paragangliomas? Correlations and disparities. APG van Gils, AR van Erkel, 
THM Falke, EKJ Pauwels, Rar] Nucl Med (in press).
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widespread acquaintance with the characteristics of catecholamine-secreting 
paragangliomas, there has been in the past a considerable discrepancy be- 
tween the frequency of clinical detection of these tumours and their discov- 
ery at autopsy (1:4) [6, 7]. It is highly likely that the availability of the latest 
imaging techniques has reduced the extent of this discrepancy, although this 
has not as yet been established. These observations underscore the need for a 
regular follow-up of at-risk patients. Biochemical measurements alone are 
not completely sufficient, as the catecholamine secretion by paragangliomas 
is often intermittent [8]. The examination of these patients should therefore 
include whole-body imaging with a highly sensitive, non-invasive imaging 
modality. 

The application of both new whole-body imaging methods in the course 
of several investigations in such a large group of patients has also provided 
us with the opportunity to compare the respective values of both methods. It 
is clear that, in the non-invasive imaging of paragangliomas, neither MR imag- 
ing nor MIBG scintigraphy can be described as demonstrating universal supe- 
riority. Several considerations play their individual and collective roles in the 
choice for one of the two methods or, when both are required, in the choice 

which one comes first. 

7.2. | MERITS AND DEMERITS IN PERSPECTIVE 

There is general agreement that MIBG scintigraphy is not justified as a screen- 
ing investigation for phaeochromocytomas in a general population of hyper- 
tensives. The patients referred for imaging should be under strong suspicion 
of having the disease as evidenced by a history of phaeochromocytomas, 
MEN syndromes or neuro-ectodermal disorders and by clinical and biochem- 
ical findings [9]. MIBG can depict functioning paragangliomas as focal col- 
lections of 1-123 and 1-131 radioactivity and may even allow early diagnosis 
of developing phaeochromocytomas in patients with MEN syndromes [10]. 
An important asset of MIBG scintigraphy is its inherent ability to portray the 
entire body within one examination. Observations regarding the localization 
of phaeochromocytomas with whole-body I-131 MIBG scintigraphy indicate 
an overall sensitivity varying between 77% and 96% when performed in the 
appropriate clinical setting [9, 11, chapter 4]. False-positive results are rare 
and are mostly caused by the radiopharmaceutical being accumulated in the 
liver, the heart and the urinary tract. 

Another reason for false-positives is that MIBG uptake is not as specific 
for phaeochromocytomas as originally believed. Uptake has been noted in 
other neural crest-derived tumours, specifically carcinoid tumour, medullary 
carcinoma of the thyroid, and neuroblastoma [12, 13]. Sporadic cases of up- 
take by oat cell carcinoma, choriocarcinoma and Merkel cell carcinoma have 

also been described [12]. This possibility reduces specificity and may complicate 
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scintigraphic interpretation in some patients with MEN syndromes or asso- 
ciated neuro-ectodermal disorders. 

The sensitivity of I-123 MIBG is at least equal to that of I-131 MIBG for the 
detection of functioning paragangliomas [14, chapter 4]. Its shorter half-life 
and higher costs, however, have greatly limited the extent to which I-123 
MIBG has been used and studied. I-131 MIBG scintigraphy has been shown 
to be of particular value in the detection of extra-adrenal paragangliomas 
[15]. We found this to be also true for I-123 MIBG in case of aorticosympath- 
etic paragangliomas, but sensitivity of [-123 MIBG scintigraphy for parasym- 
pathetic paragangliomas (chemodectomas) proved to be low, only about half 
of the chemodectomas showing low to moderate uptake [chapter 3]. There is 

no reason to believe that 1-131 MIBG scintigraphy will perform better in this 
latter class of paragangliomas. 

The sensitivity of whole-body MIBG scintigraphy in the detection of para- 
ganglioma metastases has not been investigated separately, but Lynn et al. 
found a sensitivity of I-131 MIBG scintigraphy for the detection of bone 
metastases from malignant paragangliomas of 55%, compared to a sensitivi- 
ty of bone scintigraphy of 74%. Furthermore, they found bone to be by far 
the most common site of metastasis (38 of 56 patients with metastases). In 
patients with malignant paragangliomas, therefore, MIBG scintigraphy 
should be accompanied by bone scintigraphy [16]. 

MIBG scintigraphy is not hampered by surgical clips or scarred fields, 
which is of benefit for the detection of residual tumour or recurrences in pre- 
viously operated patients. Although surgical removal is the treatment of 
choice for paragangliomas, it is possible to treat most functioning and some 
non-functioning tumours by administration of large doses of I-131 MIBG, 
when they show high concentration of MIBG. It may even be the only appro- 
priate therapy for metastases from malignant paragangliomas [17, 18]. 

Further restricting factors at present include poor anatomical resolution 
resulting in the need for augmentation with some other imaging method for 
surgical purposes, thus increasing the burden of ionizing radiation when 
supplemented by CT and °°™Tc bone scintigraphy, susceptibility to interfer- 
ence from a wide range of drugs currently in use and cost, especially in the 
case of I-123 MIBG. As MIBG scintigraphy reflects concentration of adren- 
ergic nervous tissue, incidental tumours of the adrenal cortex may be missed 

[chapter 4]. 
Sensitivity of MR imaging is at least equal to that of MIBG for adrenal and 

orthosympathetic paragangliomas and higher for chemodectomas [chapters 
3, 4and 6]. 

In addition, MR imaging at present allows a certain degree of tumour 
characterization, especially as regards phaeochromocytomas. In conjunction 
with clinical and biochemical findings, functioning paragangliomas can be 
perfectly differentiated from other tumours, as we have demonstrated [chap- 
ter 4]. MR imaging also offers the major advantages of permitting three-
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dimensional portrayal and tumour siting which precludes the need to use 
other imaging methods preoperatively. MR imaging can be performed with 
equal effectivity without the administration of intravenous contrast agents 
[chapter 6]. Ionizing radiation presents no problem and there is no interfer- 

ence from concurrent medication. This makes MR imaging extremely well 
suited to the follow-up of patients known to have disorders carrying an in- 
creased risk for developing a paraganglioma, as it obviates the burden of ac- 
cumulating ionizing radiation doses inherent to repeated CT and MIBG 
investigations. Pregnancy is another condition in which MR imaging is indi- 
cated for the same reason [19]. 

The combination of anatomical portrayal of the whole body with tissue 
characterization and the absence of ionizing radiation of MR imaging may 
well prove to be a decisive advantage for following at-risk patients, particu- 
larly so, as in genetically predisposed persons with a MEN syndrome, von 
Hippel-Lindau disease or neurofibromatosis, ionizing radiation may provide 
the final trigger for tumour development [20]. Moreover, in these patients 
functioning paragangliomas are supposed to be limited to the adrenal region 
[2, 7, 15]. In this region MR imaging has a higher sensitivity and definitely a 
higher spatial resolution than MIBG scintigraphy [chapter 4]. 

The time taken up by imaging the entire relevant area lasting at this mo- 
ment about 1.5 hours is, although definitely longer than whole-body MIBG 
scintigraphy, reasonable. It may be reduced by the rapidly approaching 
prospect of high speed MR imaging. 

Disadvantages of note are the contra-indication formed by pacemakers 
and certain prostheses and the fact that MR imaging in patients with claus- 
trophobia requires sedation. The last but most important limitation is that 
MR imaging does not provide functional information. 

7.3. | FUTURE DIRECTIONS AND DEVELOPMENTS 

There can be no doubt that MIBG has proved to be a very valuable non-inva- 
sive imaging technique. It is also very likely that further advances will be 
made in the detection of paragangliomas with the use of 1-123 MIBG and 
SPECT, resulting in better functional imaging of these tumours. In our stud- 
ies, 1-123 MIBG uptake provided an important clue to the hormonal activity 
of seven of the eight functioning paragangliomas although the patients 
showed only minimal symptoms and marginally elevated catecholamine 
levels [chapters 3 and 5]. Even though, as already stated by von Moll et al. 
the ability of a tumour to take up MIBG can be independent of its ability to 
secrete catecholamines [chapter 3, 12] further study of the relationship be- 
tween MIBG uptake and catecholamine excretion is warranted since this 
may provide important clues as to whether immediate surgical treatment is 
necessary or a ‘wait and see’ policy is more appropriate. 
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An improved understanding of the synthesis and kinetics of catechol- 
amines may also provide information leading to more effective therapeutic 
intervention by means of MIBG administration in irresectable paraganglio- 
mas [chapter 3, 21]. 

The performance of MR imaging will certainly be further improved by re- 
cent technical innovations such as motion compensation software, faster 
imaging techniques and special coils. Fast spin-echo and ultra-fast gradient- 
echo sequences will reduce the time needed for whole-body imaging and the 
development of Magnetization Transfer Contrast methods may have a fur- 
ther impact on lesion conspicuity and lesion characterization. Undoubtedly 
MR imaging will play a leading role in monitoring tumour growth when in 
the future a ‘wait and see’ approach or ‘workbench surgery’ will be applied 
more often for paragangliomas [22, 23]. 

Lately octreotide scintigraphy has been applied with great success to vi- 
sualize head and neck paragangliomas [24-26]. Octreotide scintigraphy 
seems less accurate in the detection of phaeochromocytomas than of head 
and neck paragangliomas, although at this moment the number of adrenal 
paragangliomas imaged with octreotide scintigraphy is too small to draw 
general conclusions [25, 26]. The efficacy of octreotide scintigraphy has until 
now not been compared with that of MR imaging and MIBG scintigraphy. 
Again octreotide scintigraphy is a whole-body imaging method with certain- 
ly better results than MIBG scintigraphy for head and neck paragangliomas. 
It is however not specific to paragangliomas nor does it provide functional 
information as it reflects the presence of somatostatin receptors on the out- 
side of tumour cells and has no relationship to tumoural somatostatin or 
catecholamine content [26, 27]. 

In conclusion, in view of the above mentioned factors it may be stated 
that MR imaging is the diagnostic tool of first choice for general localization 
of paragangliomas. It is unquestionably the best method for follow-up of at- 
risk persons and for monitoring known tumours that require a ‘wait and see’ 
approach rather than immediate surgical removal. When localization of a 
suspected functioning paraganglioma by MR imaging is unsuccessful or when 
functional information is required additional MIBG scintigraphy should be 
applied. 
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SUMMARY 

Paragangliomas are tumours arising from paraganglionic tissue dispersed 
from the base of the skull to the pelvic diaphragm. Anatomically they are di- 
vided into extra-adrenal and adrenal paragangliomas (phaeochromocyto- 
mas). These tumours produce symptoms by secreting catecholamines (func- 
tioning tumours) or by local tumour expansion. Paragangliomas can be part 
of several hereditary disorders. 

The introduction of both magnetic resonance (MR) imaging and meta- 
iodobenzylguanidine (MIBG) scintigraphy has added new dimensions to the 
study of paragangliomas and has resulted in significant improvements in 
the diagnosis of paragangliomas over the past years. In this thesis the use of 
these two recently introduced non-invasive imaging methods in the exami- 
nation of paragangliomas is described. 

Paragangliomas are rare tumours with a low incidence. Literature on 
these tumours largely consists of case reports or retrospective studies. This 
study was undertaken in a large group of patients to explore and evaluate 
MR imaging and MIBG scintigraphy as procedures for detecting functioning 
as well as non-functioning paragangliomas and screening at-risk individuals. 

In CHAPTER 1 the goal and the outline of the study presented in this thesis 
are discussed. 

CHAPTER 2 presents an introduction to the anatomo-pathological and clini- 
cal features of paragangliomas and sketches the principles of MIBG scintig- 
raphy and MR imaging of these tumours. The necessity of a highly sensitive, 
non-invasive imaging method for displaying these tumours is explained. 

In CHarrek 3 the application of I-123 MIBG scintigraphy for paraganglio- 
mas of the head and neck is described. I-123 MIBG uptake by one or more 
tumours was noticed in only 50% of patients. I-123 MIBG scintigraphy is 
therefore not suitable as a primary screening method for paragangliomas of 
the head and neck. Coincidentally, endocrine activity was detected in five 

patients. In three of these patients a norepinephrine-secreting abdominal 
paraganglioma was subsequently removed. One patient had a norepinephrine- 
secreting glomus tumour and one had a dopamine-secreting glomus tumour. 

This endocrine activity was suspected in only one of them before the inves- 
tigation started. Considering also the large number of case reports, it is likely
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that the prevalence of catecholamine-secreting tumours in patients with para- 
gangliomas of the head and neck is higher than 1% as is assumed in literature. 

CHAPTER 4 compares the potential of MR imaging and MIBG in localizing 
and characterizing functioning paragangliomas. The results of both modal- 
ities in 33 patients suspected of having these tumours were analyzed. 
Overall sensitivity as regards detection was 91% for MR Imaging and 80% 
for MIBG scintigraphy. MR imaging detected 100% of the adrenal paragan- 
gliomas and 75% of the extra-adrenal paragangliomas, whereas MIBG scinti- 
graphy detected 75% and 88% respectively. MIBG was more specific in the 
characterization of functioning paragangliomas than MR imaging (100% 
versus 82% ). MR imaging demonstrated nine other lesions not visualized by 
MIBG scintigraphy. This ability, together with the superior anatomical reso- 
lution and the absence of ionizing radiation, makes MR imaging the pre- 
ferred initial technique for localization when a functioning paraganglioma is 
suspected and for screening persons at risk of developing paragangliomas. 

CHAPTER 5 describes a screening exercise performed on 83 members of a 
large family at risk of developing hereditary paragangliomas in order to 
detect the presence of subclinical paragangliomas. For that purpose we used 
whole-body MR imaging and urinary catecholamine testing. In eight previ- 
ously diagnosed members, eight known glomus tumours of which one func- 
tioning, and two unknown glomus tumours as well as one unknown phaco- 
chromocytoma were present. Six unsuspected members showed ten glomus 
tumours and one phaeochromocytoma. A substantial number of paragan- 
gliomas, functioning as well as non-functioning, may thus be present with- 
out symptoms. 

There were no tumours in the descendants of female gene carriers. This 
finding provides clinical evidence for genomic imprinting, i.e. the manifesta- 
tion of hereditary glomus tumours is determined by the sex of the transmit- 
ting parent. Comparing the likelihood of inheritance with genomic imprint- 
ing versus inheritance without genomic imprinting we found an odds ratio 
of 23,375 : 1 in favour of genomic imprinting. 

The question in CHAPTER 6 is whether the use of gadopentetate dimeglu- 
mine is necessary to detect paragangliomas of the head and neck. This was 
investigated in an observer study in which unenhanced MR imaging exami- 
nations performed in 23 normal subjects and 37 patients having 71 tumours 
were compared with the examinations after administration of gadopentetate 
dimeglumine. Computed tomography (CT), scintigraphy, angiography and 
surgico-pathological findings were used as the standard of reference. Four 
blinded readers reviewed these studies in a random order using a four-point 
scale of certainty. Results were subjected to alternative free-response receiver- 
operating-characteristic (AFROC) scoring and statistical analysis. The addi- 
tion of contrast-enhanced imaging did not increase the sensitivity or speci- 
ficity compared to imaging without enhancement. We conclude that, in gen- 
eral, the use of gadopentetate dimeglumine is not necessary for the detection 
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of head and neck paragangliomas. Only when searching for small postoper- 

ative tumour residues is the addition of gadopentetate dimeglumine warranted. 

In CHAPTER 7, the relative advantages and disadvantages of MR imaging 

and MIBG scintigraphy are discussed. MR imaging is superior to MIBG 

scintigraphy in the detection of paragangliomas, functioning and non-func- 

tioning, without the hazard of ionizing radiation. This combined with sev- 

eral, ancillary considerations makes MR imaging an ideal method for screen- 

ing persons at risk of developing paragangliomas, in particular MEN II pa- 

tients and patients with hereditary paragangliomas of the head and neck. It 

would be of interest to investigate whether this also applies to patients with 

other hereditary disorders at risk of developing paragangliomas, such as 
von Hippel-Lindau disease and neurofibromatosis. 

In conclusion, the advent of the new non-invasive imaging techniques MR 

imaging and MIBG scintigraphy has provided new insights on paraganglio- 
mas and has tremendously changed the topographic diagnosis of these 

tumours. Our results with MR imaging and MIBG scintigraphy of paragan- 

gliomas and theoretical considerations on the respective merits and demerits 

of these techniques strongly suggest that MR imaging should be the imaging 

modality of first choice. There is a need for gadopentetate dimeglumine in 

selected cases only. Otherwise MIBG scintigraphy continues to be a reliable 

method for non-invasive detection of functioning paragangliomas. MIBG 

scintigraphy should be reserved for cases where a strong suspicion of the 

presence of a functioning paraganglioma persists, despite normal MR imag- 

ing findings and for cases where doubt exists about functional activity of one 
or more multicentric tumours.
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Paragangliomen zijn tumoren die ontstaan uit paraganglion weefsel. Dit 
weefsel is aanwezig in het gebied tussen de schedelbasis en de bekkenbo- 
dem. Paragangliomen kunnen zowel afzonderlijk als ook in het kader van 
verschillende erfelijke aandoeningen voorkomen. Anatomisch gezien wor- 
den paragangliomen onderverdeeld in extra-adrenale en adrenale para- 
gangliomen. Deze laatste groep paragangliomen is beter bekend onder de 
naam pheochromocytomen. Paragangliomen die ontstaan in het hoofd-hals 
gebied, worden ook wel glomus tumoren genoemd. Paragangliomen geven 
klachten door productie en excretie van catecholamines (hormonaal actieve 
tumoren) of door locale tumor uitbreiding. 

De introductie van zowel kernspintomografie (MRI) als metaiodobenzyl- 
guanidine (MIBG) scintigrafie heeft in de afgelopen jaren geresulteerd in een 
verbeterde diagnostiek van paragangliomen en nieuwe mogelijkheden 
gecreéerd voor de bestudering van deze tumoren. 

In dit proefschrift wordt de toepassing van deze beide, niet-invasieve 
afbeeldingstechnieken bij paragangliomen beschreven, vergeleken en kri- 
tisch beschouwd. 

In HOOFDSTUK 1 worden doel en opzet van dit proefschrift uiteengezet. 
Doel was MRI en MIBG scintigrafie te evalueren als middel om zowel hor- 
monaal actieve als hormonaal niet-actieve paragangliomen op te sporen en 
om personen met een erfelijke aanleg te screenen. Daarvoor is onderzoek 
verricht bij relatief grote groepen patiénten met paragangliomen en perso- 
nen met een verhoogd risico op het ontstaan van deze tumoren. 

HoorpbsTuK 2 geeft een inleiding op de pathologie en de symptomatologie 
van paragangliomen en schetst de basis beginselen van de gebruikte afbeel- 
dingstechnieken, MIBG scintigrafie en MRI. Het belang van een sensitieve, 
niet-invasieve afbeeldingstechniek voor het localiseren van deze tumoren 
wordt uiteengezet. 

In HOOFDSTUK 3 wordt de toepassing van I-123 MIBG scintigrafie bij para- 
gangliomen van het hoofd-hals gebied beschreven. Opname van I-123 MIBG 
in één of meerdere tumoren werd slechts bij zeven van de veertien onder- 
zochte patiénten waargenomen. I-123 MIBG scintigrafie is derhalve niet
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geschikt als primaire screeningsmethode voor paragangliomen van het 
hoofd-hals gebied. Opvallend was echter, dat bij vijf patiénten (36%) over- 
matige produktie van catecholamines kon worden vastgesteld. Bij drie van 
deze vijf patiénten bleek dit te berusten op noradrenaline producerende ab- 
dominaal gelocaliseerde paragangliomen. Eén patiént had een noradrenaline 
producerende glomus tumor en de vijfde had een dopamine producerende 
glomus tumor. Deze endocriene activiteit werd slechts in één van deze vijf 
patiénten vermoed op grond van klinische symptomen. Deze symptomen 
waren echter nooit als zodanig onderkend voor de aanvang van deze studie. 
Gezien onze bevindingen mag worden aangenomen, dat de prevalentie van 
catecholamine producerende tumoren bij patiénten met paragangliomen van 
het hoofd-hals gebied hoger is dan 1%, zoals tot nu toe verondersteld werd 
in de literatuur. 

Hoorpstuk 4 vergelijkt de waarde van MRI en MIBG scintigrafie bij het 
localiseren en diagnostiseren van hormonaal actieve paragangliomen. De 
onderzocksresultaten van beide technieken bij 33 patiénten, van wie ver- 
moed werd dat ze één of meer hormonaal actieve paragangliomen hadden, 
werden geanalyseerd. De sensitiviteit van MRI was 91% en die van MIBG 
scintigrafie 80%. MRI detecteerde 100% van de in de bijnier gelegen para- 
gangliomen (pheochromocytomen) en 75% van de buiten de bijnier gelegen 
paragangliomen, terwijl MIBG scintigrafie respectievelijk 75% en 88% detec- 
teerde. MIBG scintigrafie bleek specifieker dan MRI in het karakteriseren 
van hormonaal actieve paragangliomen (100% en 82% respectievelijk). MRI 
liet negen andere laesies zien, die niet werden afgebeeld met MIBG scinti- 

grafie. Dit voordeel, in combinatie met de hogere anatomische resolutie en 

het ontbreken van ioniserende straling, maakt dat MRI de voorkeur heeft 
zowel voor het localiseren van paragangliomen als voor het screenen van 
personen met een verhoogde kans op het ontstaan van deze tumoren. 

Paragangliomen kunnen familiair voorkomen en erven dan op een 
autosomaal dominante wijze over. HOOFDSTUK 5 beschrijft een screenings- 
onderzoek bij een familie met erfelijk voorkomende paragangliomen in het 
hoofd-hals gebied. Drie en tachtig leden van deze familie werden onder- 
zocht middels MRI en middels catecholamine bepalingen in de urine, met 
als doel asymptomatische tumoren op te sporen. Bij acht reeds bekende pa- 
tiénten uit de familie, werden naast de negen al eerder vastgestelde glomus 
tumoren, waarvan er één hormonaal actief was, twee nog niet eerder ont- 

dekte glomus tumoren en één pheochromocytoom ontdekt. Bij zes nog niet 
als patiént bekende familieleden waren negen glomus tumoren en één pheo- 
chromocytoom aanwezig. Een groot percentage paragangliomen, zowel hor- 
monaal actief als hormonaal niet-actief, kan dus blijkbaar aanwezig zijn zon- 
der symptomen te veroorzaken. 

Bij de afstammelingen van vrouwelijke gen dragers werden geen tumoren 
gevonden. Deze bevinding geeft klinische steun aan de “genomic imprint- 
ing” theorie. Deze theorie houdt in dat het ontstaan van erfelijke glomus 
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tumoren bij familieleden met het gen, wordt bepaald door het geslacht van 
de het gen overdragende ouder. Bij het vergelijken van de waarschijnlijkheid 
van overerving met “genomic imprinting” en overerving zonder “genomic 
imprinting” vonden wij een waarschijnlijkheidsratio van 23.375 : 1 ten guns- 
te van “genomic imprinting”. 

In HOOFDSTUK 6 wordt in gegaan op de vraag of het gebruik van gadopen- 
tetate dimeglumine noodzakelijk is om paragangliomen van het hoofd-hals 
gebied te detecteren. In een “observer” studie werden de MRI onderzoeken, 
vervaardigd zonder toediening van gadopentetate dimeglumine bij 23 con- 
trole personen en bij 37 patiénten met 71 paragangliomen in het hoofd-hals 
gebied, vergeleken met de MRI onderzoeken vervaardigd bij dezelfde perso- 
nen na intraveneuze toediening van gadopentetate dimeglumine. Computer 
tomografie (CT), scintigrafie, angiografie, en chirurgische en pathologisch- 
anatomische bevindingen werden gebruikt als standaard. Vier radiodiagnos- 
ten beoordeelden deze onderzoeken in willekeurige volgorde, zonder 
gebruik te maken van klinische gegevens. De mate van zekerheid over de 
aanwezigheid en de plaats van een tumor, werd aangegeven op een schaal 
van vier graden. De resultaten werden onderworpen aan een “alternative 
free-response receiver-operating-characteristic’” (AFROC) analyse en een sta- 
tistische analyse. Het gebruik van gadopentetate dimeglumine bleek geen 
duidelijke voordelen te bieden voor het detecteren van paragangliomen in 
het hoofd-hals gebied. Alleen in post-operatieve gevallen kan dit contrast- 
middel soms een aanvullende rol spelen. 

De nieuwe niet-invasieve afbeeldingstechnieken MRI en MIBG scintigra- 
fie hebben nieuwe inzichten verschaft over paragangliomen en hebben, in 
vergelijking met de tot voor kort gebruikelijke technieken, het localiseren 
van paragangliomen aanzienlijk vergemakkelijkt. In HOOFDSTUK 7 worden de 
voor- en nadelen van MRI en MIBG scintigrafie besproken. Onze bevindin- 
gen met MRI en MIBG scintigrafie bij paragangliomen alsmede theoretische 
overwegingen ten aanzien van de voor- en nadelen van beide technieken 
wijzen erop dat MRI de afbeeldingstechniek van eerste keuze is voor deze 
tumoren. MRI blijkt sensitiever dan MIBG scintigrafie bij de detectie van 
zowel hormonaal actieve als niet hormonaal actieve paragangliomen. Alleen 
in uitzonderingsgevallen is hierbij het gebruik van een contrastmiddel als 
gadopentetate dimeglumine noodzakelijk. Bij MRI wordt bovendien geen 
gebruik gemaakt van ioniserende straling. Deze voordelen maken MRI ook 
tot de methode bij uitstek om personen met een verhoogd risico op het ont- 
staan van paragangliomen, zoals patiénten met het “multiple endocrine neo- 
plasia” syndroom type II en patiénten met erfelijke paragangliomen van het 
hoofd-hals gebied, te screenen en te vervolgen. 

MIBG scintigrafie blijft echter een betrouwbare methode voor de niet- 
invasieve diagnostiek van hormonaal actieve paragangliomen. MIBG scinti- 
grafie kan gebruikt worden wanneer er een sterke verdenking blijft bestaan 
op de aanwezigheid van een hormonaal actief paraganglioom, ondanks
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normale MRI bevindingen. Bovendien kan MIBG scintigrafie, in het geval 
van meerdere tegelijk voorkomende paragangliomen, een indicatie geven 
welke tumoren hormonaal actief zijn. 
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A einen 

Ly Een CT onderzoek zonder intraveneus contrast is de beste niet- 
invasieve methode om adenomen te differentiéren van andere 
tumoren in de bijnier. 

2. Scintigrafisch onderzoek met I-123 metaiodobenzylguanidine is in 
principe niet geschikt voor het detecteren van tumoren uitgaande 
van de bijnierschors. 

3. Voorafgaand aan de chirurgische verwijdering van paragangliomen 
van het hoofd-halsgebied moet altijd hormonale activiteit worden 
uitgesloten. 

4. Beoordeling van de effectiviteit van contrastmiddelen dient te 
Se aan de hand van objectieve en hanteerbare criteria, 
ijvoorbeeld door middel van ROC analyse en AFROC analyse. 

5. Met de komst van ‘ultrafast MRI’ zal het mogelijk worden de 
doorgankelijkheid van de eileiders te onderzoeken, zonder gebruik 
te maken van ioniserende straling. 

6. Scintigrafie met behulp van In-111 DTPA-octreotide vraagt om 
anatomische referentiepunten. 

7. Een onderzoek naar het ontstaan van cervicale discopathie door het 
dragen van een helm is wenselijk. 

8. Voor interventies in het kader van de Verenigde Naties geldt: inzet 
zonder inzicht leidt tot uitzending zonder uitzicht. 

9. Televisie programma’s over medische onderwerpen hebben soms 
meer het karakter van sluikreclame dan van patiéntenvoorlichting. 

10. De waarneming dat veel artsen tweelingen hebben, verdient nader 
onderzoek. 

11. Verstand op nul en blik op oneindig is vaak niet alleen een goede 
houding voor militairen, maar ook voor promovendi. 

12. Dat slechts een gering percentage militaire artsen gepromoveerd is, 
valt te verklaren uit het feit dat enkelen er de voorkeur aan geven 
onder te duiken, anderen zich ingraven en sommigen liever 
laagvliegen. 
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Leiden, 27 januari 1994


