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Abstract 
Hennings, J. 2009. Clinical Studies on Adrenocortical Tumours using [11C]-metomidate 
Positron Emission Tomography. Acta Universitatis Upsaliensis. Digital Comprehensive  
Summaries of Uppsala Dissertations from the Faculty of Medicine 486. 33 pp. Uppsala. ISBN 
978-91-554-7618-2. 

Adrenal tumours, discovered en passant in patients undergoing radiological examinations for 
non-adrenal disease, so-called adrenal incidentalomas, have increased dramatically in the 
recentera of more sophisticated diagnostic modalities such as high resolution multidetector 
computed tomography (CT) and magnetic resonance imaging (MRI). Furthermore, primary 
aldosteronism (PA) has been documented in several screening studies as being far more 
common than previously believed among hypertensive patients. 

In this thesis, a long-term follow-up cohort of patients who had undergone surgery for PA 
revealed that there was an excellent effect on blood-pressure, reduction of anti-hypertensive 
medication and hypokalaemia after surgery, even though the majority of these patients still 
required some anti-hypertensive medication. This was also true, in the higher than expected 
number of dominant nodular hyperplasia (nIHA) found in the study, but was slightly less 
pronounced than in aldosterone producing adenomas (APA). Surgery was thus effective in 
lateralized PA. 

Metomidate positron emission tomography (MTO-PET) was explored in relation to histopa-
thology in post-operative patients and found to be highly specific and sensitive in categorizing 
adrenocortical disease. Also, a higher standardized uptake value (SUV) ratio between tumours 
and normal adrenal cortex was found in hormonally hypersecreting adenomas as well as in 
adrenocortical cancer (ACC). The resolution limited the diagnosis of small tumours (<1-1.5 cm). 

MTO-PET was compared to standard radiological modalities (CT and MRI) in the diag-
nostic work-up of adrenal incidentalomas. All three modalities categorized and characterized 
the lesions well, with MTO-PET showing the highest sensitivity and specificity. However this 
method is currently recommended to be used as complementary to the others in unclear cases, 
due to high costs and less availability. 

The resolution of MTO-PET was improved with respect to less noise and better delineation 
of small tumours when applying masked volume-wise principal component analysis 
(MVWPCA), which will possibly enable future detection of small tumours in PA patients. 

Dexamethasone suppression treatment prior to MTO-PET examinations in PA patients de-
creased SUV in normal adrenal cortex but could not be shown to increase the SUV ratio between 
adenoma and normal cortex enabling better detection of small tumours, even though all the 
tumours were readily categorized in the study. Heterogenic SUV reactions to dexamethasone 
treatment indicate a need for further studies and refinement of the suppression method. 

In conclusion, long-term results of surgery for lateralized PA are good. MTO-PET is a 
highlysensitive and specific method for categorizing adrenocortical disease. Modulation of the 
method, e.g. by using MVW-PCA and refined dexamethasone suppression treatment, may 
improve the resolution of the method in delineating small tumours in PA, thus making MTO-
PET a noninvasive and non-operator dependent future alternative to the currently recom-
mended adrenal venous sampling (AVS) for lateralization diagnosis prior to surgery for PA. 
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Abbreviations 

ACC 
APA 
ARR 
AVS 
ETO 
FDG 
GRA 
HED 
HU 
IHA 
 
MIBG 
MTO 
MVW 
nIHA 
 
PA 
PCA 
PET 
ROI 
SUV 

Adrenocortical cancer 
Aldosterone producing adenoma 
Aldosterone-renin-ratio 
Adrenal venous sampling 
Etomidate 
Fluorodeoxyglucose 
Glucose remediable aldosteronism 
Hydroxyephedrine 
Hounsfield unit 
Idiopathic hyperplasia of the adrenal
gland  
Meta-iodo-benzylguanide 
Metomidate 
Masked volume-wise 
Nodular idiopathic hyperplasia of the 
adrenal gland 
Primary aldosteronism 
Principal component analysis 
Positron emission tomography 
Region of interest 
Standardized uptake value 
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Introduction 

The adrenal glands have been of utmost interest since first described by Eus-
tachio in the 16th century, but it took about 300 years until a cortical and 
medullar component were identified by Nagel and before Addison described 
the symptoms of his syndrome as exceptional tiredness, salt hunger and hy-
per-pigmentation related to adrenal dysfunction. The vascular pressor effects 
of adrenal suspensions were noted by Schäfer and Oliver in the late 19th cen-
tury and the first successful adrenalectomies for a pheochromocytoma were 
performed in 1926 by Roux and Mayo. 

 
In more recent years and parallel to the development and use of more sophis-
ticated diagnostic modalities such as high-resolution multi-detector com-
puted tomography (CT) and magnetic resonance imaging (MRI), pathologi-
cal changes of the adrenals, have been found more frequently, approaching 
the level of the 6-9% that had been described earlier in autopsy materials1. 
The vast majority of these tumours are non-hyperfunctional benign adreno-
cortical adenomas found during examinations unrelated to suspected adrenal 
disease. These so called adrenal incidentalomas constitute a clinical chal-
lenge in that they consume a great deal of repetitive laboratory and radio-
logical effort and costs to rule out malignancy and/or manifest or developing 
hormonal over-production which normally requires adrenalectomy2-6. Sev-
eral follow-up programmes and recommendations have been set up7-10. Revi-
sion of the follow-up protocols is needed because primary adrenocortical 
cancer (ACC) is rare and the cost/benefit of the existing follow-up pro-
grammes has been questioned, and also because of the increased numbers of 
detected incidentalomas requires a safe but simple algorithm for follow-up. 
 
Another feature that has become obvious in the last decade is the higher than 
formerly expected prevalence of primary aldosteronism (PA), first described 
by Conn in the 1950´s as a cause of hypertension11-15. Several screening 
studies have indicated a prevalence of up to 8-10% of PA amongst people 
suffering from hypertension, in primary care settings, too16-19. With this as a 
background, an update of the practical clinical guidelines has evolved20-22. 
Both the hypertension and the elevated S-aldosterone levels per se have been 
proven to increase the risk of cardiovascular events and that this is also seen 
in normokalaemic patients with PA23-27. 
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Adrenal imaging 
 
Computed tomography  
CT has been and still is the most common and accessible modality in adrenal 
imaging. CT has a high spatial resolution and when used according to an 
adrenal-specific examination protocol, with thin slices taken before and after 
intravenous contrast injection, even very small adrenal tumours can be de-
tected. Also benign adrenocortical adenomas can be categorized because 
they contain cytoplasmatic fat which can be detected by the low attenuation 
(<10 HU) of the adenoma in non contrast enhanced examination28-29. These 
benign adrenocortical adenomas also have a fast accumulation and rapid 
wash-out of injected contrast that can be used to differentiate them from 
malignant lesions, which usually have a slower contrast enhancement and 
retain the accumulated contrast longer and therefore describe a slower wash-
out pattern 5,6,30-34. The development of modern multidetector row CT scan-
ning has enabled rapid examinations of desired organs such as the adrenals 
with the opportunity of creating submillimetre isotropic voxels from which 
image reconstructions rapidly can be done in any plane5,32-34.  
 
 
Magnetic resonance imaging 
MRI is now a readily available and very sensitive modality for the detection 
and characterization of adrenal tumours. Here too, the fact that benign 
adrenocortical adenomas contain a high amount of cytoplasmatic fat can be 
used and MRI can confirm very small areas of lipid concentrations when so 
called in and out of phase imaging is applied and differences in the MR sig-
nal (“chemical shift”) is noted35. This is because the protons in different tis-
sues have different resonance frequencies. In tumours containing both fat 
and water, such as adrenal adenomas, the resonance in phase has an additive 
effect on fat and water protons making the image more intense whereas out 
of phase images let the resonance frequencies extinguish each other in the 
same voxel35. Several comparative studies of CT and MRI findings have 
proven that both methods are accurate and reliable in the clinical work-up 
for characterization of adrenal tumours36-41. Moreover, T2 weighted MRI 
examinations are especially useful in the detection of pheochromocytomas 
showing a hyper signalling pattern and a ‘light bulb appearance’ described as 
early as 20 years ago42 . T2 weighted MRI is relatively stable to disturbances 
in the magnetic field and, using a spin echo sequence with long echo time 
and repetition time enables the sensitive detection of water content such as in 
oedematous or water-containing tissues 35-42. 
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Scintigraphy 
One of the most common methods used world-wide for pheochromocytomas 
has been scintigraphic evaluation of adrenal tumours using Meta-iodo-
benzylguanid (MIBG)43. Iodocholesterolscintigraphy has also been used for  
identifying adrenocortical disease, mainly in lateralizing studies in PA44-46. 
The latter is, however, a complex examination requiring good patient com-
pliance since cortisone pre-treatment is necessary and images are collected 
several days apart47-48. Different protocols for cortisone pre-treatment have 
evolved concerning doses, length of preparation and when images are best 
collected.  Some are built on empirical ground and have been difficult to 
reproduce in other centers47-48. Moreover, iodocholesterol is, nowadays,  also 
a drug that requires a special licence and is therefore not available in most 
institutions. 
 
Positron emission tomography 
PET technology for adrenal imaging is a younger modality and not so wide-
spread, mainly because it is expensive and because generally only unstable 
11C-analogues continue to be available for the more adrenal-specific trac-
ers49, the latter requiring on-site access to a cyclotron since the half life of 
11C is about 20 minutes.  
PET scanning technology is based on intravenous administration of a radio-
active tracer linked to a biologically active molecule which accumulates in 
the organ of interest in the patient. The radioisotope undergoes positron 
emission decay and consequently almost immediately thereafter, when en-
countering an electron, a pair of high energy photons are emitted which can 
then be readily detected by a scintillator and processed. 
Fluoro-deoxyglucose (FDG) is a flourine-labelled glucose analogue, with a 
half life of approximately 110 minutes, that is more widely available and 
used to detect the usually increased glucose metabolism in malignant tu-
mours e.g. in ACC and metastasis to the adrenal gland50-54.  
Unstable 11C-tracers with high sensitivity and specificity are hydroxi-
ephedrine (HED) and dopamine (DOPA) for the detection of pheochromocy-
tomas and Metomidate (MTO) for adrenocortical disease49,55-61. More stable 
flourine-analogues of these are under constant development62 for commercial 
use. 
 
 
Metomidate (MTO)-PET 
Metomidate is the metoxylated form of etomidate (ETO), a former anaesthe-
siological agent, the suppressive effect of which on adrenal cortex described 
many years ago63. Metomidate/Etomidate binds strongly to 11-�-
hydroxylase, a member of the mitochondrial cytochrome P450 family of 
enzymes in the adrenal cortex, responsible for the synthesis of cortisol and 
aldosterone64-65. 
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Metomidate was chosen as an adrenocortical PET tracer and several studies 
have described its sensitivity and specificity in proving the adrenocortical 
origin in tumours, primary adrenal as well as in metastatic ACC55-60. In the 
absence of metastases, though, MTO-PET has yet not been able to differen-
tiate between benign and malignant lesions in the adrenal gland 56-60.  
 
Noise modification of PET with PCA 
The quality of PET images when delineating small pathological changes 
(<1.0-1.5cm) is limited. This is due to image noise in conventionally 
summed image frames in the later period of registration (15-45 minutes after 
tracer injection) when tracer accumulation in the target is high. Because of 
this limitation, an automated multivariate analysis method, principal compo-
nent analysis (PCA), has been used in dynamic PET of the brain66-69. A 
masked volume-wise PCA (MVW-PCA) applied to the whole data set (0-45 
minutes after tracer injection) enables separation of tracer kinetics in differ-
ent tissues/organs over time, making analysis in different parts (PC) of the 
examinations possible and providing a more tracer- as well as organ specific 
reduction of noise plus a better delineation of small tumours in images or 
regions of interest (ROIs) for targeted tumour treatment70-72. 
 
Diagnostic work-up for PA 
 
PA patients have classically been described as presenting with hypertension, 
hypokalaemia, increased S-aldosterone and suppressed P-renin levels11. 
However, more recent studies show that hypokalaemia is not an integral 
element in PA as previously thought and that many patients are misdiag-
nosed because of this12-15. 
For PA screening, a review of S-aldosterone and aldosterone-renin-ratio 
(ARR) is recommended16-21. The interaction of ongoing medication on the 
ARR is complex and has to be taken into account in the interpretation16-21. 
When screening is positive, a confirmatory PA test such as fludrocortisone- 
or saline infusion test must be undertaken20-22. 
When this is done and proven positive, bilateral or unilateral dominance of 
the disease has to be determined20-22. In these cases radiological examina-
tions are mandatory as clinical lateralization testing, e.g. postural testing, is 
not reliable20-22,45-48.  
PA has traditionally been considered to consist of two forms, namely ade-
noma (APA/Conn adenoma) and hyperplasia (IHA), the former being treated 
surgically by adrenalectomy with good long-term results73-78. The latter has 
been treated by medical therapy (mineralocorticoid receptor blockers)11-

12,15,20-21. More recent studies have implied that a form of IHA with a domi-
nant nodule (nIHA) and lateralized over-production of aldosterone may 
benefit from surgery79-82. In this age of minimally invasive surgery, even 
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partial resection of the adrenal gland has been attempted in dominant nodular 
PA with good results, at least in the short term79,82. 
CT, MRI or even scintigraphy when performed, can normally prove the 
presence of a tumour in the adrenal gland or sometimes bilateral hyperpla-
sia20-21,44-48. The APA may be very small, though, and not readily detected. 
Also a non-hyperfunctioning adrenal incidentaloma can mislead the inter-
preter to overlook a small contralateral tumour or a bilateral hyperplasia. 
Recent in situ hybridisation studies have revealed that increased expression 
of CYP11B2 mRNA indicating increased aldosterone production may be 
found in dominant nodules as well as in small undetected ones in the adrenal 
cortex in patients operated for PA83. Therefore, it is recommended that pa-
tients with PA should also undergo a selective adrenal venous sampling 
(AVS) to confirm lateralization of the disease prior to surgery20-22,84. This 
procedure is invasive and strongly operator-dependent because catheteriza-
tion of the right adrenal vein is often especially difficult and can lead to in-
complete results in the preoperative work-up84. Some authors have chal-
lenged the need for AVS prior to surgery when unilateral findings exist on 
CT, at least when over 1.0 cm in size79,85-86. 
Taken together, the diagnostic work-up procedures for PA are quite complex 
and in need of further development. 
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Aims of the thesis 

The aims of this thesis are: 
 
 
 

• to evaluate the long-term results of surgery in PA patients with  ade-
noma or hyperplasia. To challenge the hypotheses that surgery is 
successful also in hyperplasia, and excellent in adenomas. 
 

• to further characterize and correlate MTO-PET data to different 
histopathology in operated adrenocortical tumours. To challenge the 
hypothesis that MTO-PET is useful for the diagnosis of adrenocorti-
cal lesions. 
 

• to examine the capability of MTO-PET in distinguishing benign 
adrenocortical lesions from malignant. 
 

• to compare CT, MRI and MTO-PET in the practical clinical work-
up of adrenal incidentalomas. To challenge the hypothesis that 
MTO-PET may be used in an alternative algorithm for incidentalo-
mas. 
 

• to modify and optimize MTO-PET examinations in small adrenocor-
tical tumours in order to enhance the resolution of the method. 
 

• to evaluate the clinical role of MTO-PET in the work-up of  adrenal 
incidentalomas and adrenocortical tumours, especially PA. 
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Subjects and methods 

For detailed information – see full articles. 
 

Study I 
Thirty patients with biochemically proven and lateralized PA were retrospec-
tively evaluated after an average follow-up time of 7 years after adrenalec-
tomy. 
Postoperative biochemical values, blood-pressure and the need for medica-
tion were compared to preoperative values and the histopathology was re-
evaluated by a specialized pathologist and categorized into three groups 
(APA, IHA and nIHA). 
 
Study II 
Seventy-three patients (with 75 histopathological adrenal specimens) who 
had undergone MTO-PET were identified and retrospectively analyzed re-
garding the sensitivity and specificity for the method used to categorize the 
tumours. Further analysis was done in 55 of the patients in order to more 
specifically correlate histopathological features to standardized uptake val-
ues (SUV). 
 
Study III 
Firstly, a retrospective analysis of 14 patients with a total of 20 adrenal inci-
dentalomas who had been examined by CT and MTO-PET and also MRI 
was conducted. Secondly, a prospective study was performed comparing CT, 
MRI and MTO-PET in 24 consecutive incidentaloma patients with regard to 
sensitivity and specificity. The patients either underwent surgery or were 
followed and discharged in accordance with the national incidentaloma fol-
low-up programme.  
 
Study IV 
Seven patients with small adrenocortical adenomas were examined with 
standard MTO-PET as well as with the MVW-PCA technique before and 
after dexamethasone pre-treatment in order to compare the two methods with 
respect to differences in resolution and detection of tumours at the resolution 
limit of the standard MTO-PET method. 
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Study V 
Another 6 patients with small adrenocortical tumours and proven PA were 
consecutively added to the cohort in study IV. Standard MTO-PET-
examinations were compared before and after dexamethasone suppression 
and studied in order to evaluate the possibility of enhancing the tumour-to- 
normal adrenal ratio by suppression of normal cortex, in order to enhance 
tumour detection at the resolution limit of the method. In all, 11 patients with 
PA and 2 patients with non-hyperfunctioning small adrenocortical adenomas 
as controls were included in the study.  
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Results 

For detailed information - see full articles. 
 
Study I 
All patients had better control of their hypertension and were normokalaemic 
after surgery. However, the majority did not attain normotension without 
medication. Aldosterone levels and ARR were normalized in all patients 
after surgery except in two IHA patients who had recurrences. A higher than 
expected number of nIHA was noted but the long term results of surgery 
were still good in all groups. APA-patients needed less anti-hypertensive 
medication post surgery and were more often completely free of medication, 
than nIHA- and IHA-patients.  
 
Study II 
MTO-PET correlated well to histopathology and the sensitivity and specific-
ity in categorizing adrenal lesions into adrenocortical or not was 0.89 and 
0.96 respectively. False negative examinations were noted in small tumours 
(1-1.5 cm) at the resolution limit of the method. Sub-analysis in 55 patients 
with dynamic examinations showed a higher SUV in aldosterone-producing 
tumours and the ratio between tumour and normal contralateral adrenal was 
higher in all hyperfunctional tumours as well as in ACC, as compared to 
non-hyperfunctioning benign adrenocortical adenomas. 
 
Study III 
All patients in the studies had biochemically non-hyperfunctioning inciden-
talomas. There was no ACC and only one adrenal metastasis was noted. The 
majority in both sub-studies were discharged after follow-up and only 3 tu-
mours in the retrospective and 8 in the prospective study were either oper-
ated on or biopsied. MTO-PET correctly categorized all lesions in both 
groups. MRI showed high sensitivity and specificity in characterizing the 
lesions in the prospective study (0.86 and 1.0) as well as in the retrospective 
study. CT also had a high sensitivity and specificity for characterizing the 
lesions in the prospective sub-study (0.71 and 1.0). In the retrospective 
study, however, CT was less accurate than anticipated. A surprisingly high 
number of organized fibrotic haematomas was noted and CT was unable to 
accurately characterize and separate these from adrenocortical adenomas. 
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Study IV 
MVW-PCA, which was used to allow analysis of the whole examination 
sequence of the administrated MTO and its kinetics, rather than only the 
conventionally used late summation images at 15 to 45 minutes, isolated the 
intermediate phase, PC-1, being well correlated to the conventionally 
summed images. Early and late PCA (PC-2 and 3) added no further informa-
tion, but did add more noise. MVW-PC-1 demonstrated significant noise 
reduction in the images and could better delineate the tumours, which facili-
tated the placement of ROIs. 
 
Study V  
In this study, all the tumours at the method´s resolution limit were detected 
and correctly categorized by MTO-PET and PA patients showed higher 
SUVs than those with non-hyperfunctioning adenomas. 
Pre-treatment with dexamethasone induced significant suppression of normal 
adrenal cortex. Tumour SUVs were not significantly suppressed after dexa-
methasone as compared with before. The ratio between tumour and normal 
adrenal could not, however, be proven to increase after dexamethasone sup-
pression. 
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General discussion 

Adrenal incidentalomas and primary aldosteronism constitute two large 
groups that require attention and a substantial amount of time- and cost-
consuming examinations. Investigation and follow-up programmes have 
been established both nationally and internationally, but the time has come 
to revise them in order to meet the increased number of cases detected by 
today´s more sophisticated radiological modalities and refined screening 
programmes. A balance must be sought between costs and potential harm to 
patients who have to undergo multiple irradiation exposures which poten-
tially risk inducing malignancies.  The balance between interventional local-
ization studies on one side versus the risk of missing malignant or hormone 
overproducing tumours on the other has to be considered. 
 
Adrenal-specific CT is the basis of radiological examinations of adrenal 
incidentalomas and in our current studies has also demonstrated good accu-
racy in characterizing the tumours by a low native HU and, if needed for 
further characterization, a high wash-out rate after contrast administration. 
As noted by us and others, one potential problem can be old, organized 
haematomas that have the same attenuation values as adrenocortical adeno-
mas87-88. Here, MRI can perhaps be of additional help as proposed in Study 
III, even though organized haematomas have also sometimes been found 
difficult to diagnose with MRI89-90. However, very small amounts of fat are 
sufficient to be detected as a “chemical shift” by in and out of phase MRI 
examinations. 
In the absence of distant metastasis, neither CT nor MRI can truly predict 
whether an adrenal tumour is benign or malignant, even though higher native 
HU and a less pronounced wash-out pattern can be clearly indicative and can 
sometimes constitute a rationale for adrenalectomy. A more pronounced role 
for CT and MRI will also evolve in the upcoming revised Swedish incidenta-
loma programme, given that indirect radiological signs such as diffuse de-
lineation towards surrounding tissue or grey-zone wash-out patterns can 
indicate the need for surgery or at least for closer follow-up than would oth-
erwise be the case. 
 
Even though radiological modalities to characterize adrenal lesions have 
improved, laboratory tests are still the basis for detection of hormone over-
production and, if there is specific concern about the probable underestima-
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tion of pheochromocytomas, of sub-clinical Cushing and PA. Today´s inci-
dentaloma programmes therefore include plasma-metanephrine measure-
ments and oral dexamethasone suppression tests. They also include ARR 
screening in cases of hypertension as well as a late laboratory check-up be-
cause of the risk of the development of hormonal overproduction over time, 
as indicated by long term follow-up series9-10. 
 
The diagnostic work-up for PA has also become more sophisticated as 
awareness of the magnitude of its incidence has increased in recent decades. 
The diagnostic procedure is still considered complex mostly because of the 
influence on ARR of many anti-hypertensive medicines and interpretation 
problems in the primary health care system, where a large proportion of un-
diagnosed PA patients hide. As pointed out by some authors, the initial 
screening does not, however, have to be all that complicated because patients 
can be kept on most medications, and S-aldosterone and ARR can be used as 
the only tests prior to confirmation and further investigation at a referral 
clinic19-21. 
 
Although specific medical therapy, such as the use of selective mineralocor-
ticoid receptor antagonists, has been introduced, laparoscopic adrenalectomy 
or perhaps even cortical-sparing laparoscopic resections which have been 
proposed by some authors (even though this therapy has been questioned), 
constitute the cornerstone of therapy for lateralized PA. These procedures 
have excellent long term results and moderate costs73-82. The benefits of sur-
gery also hold true for the more common than anticipated dominant nodular 
hyperplasia that we noted in Study I, and which has also been noted by oth-
ers79-82. This is interesting in light of the fact that in situ hybridization of 
adrenal specimens has proven that the CYP 11B2 gene triggering expression 
of aldosterone in the zona glomerulosa can be over-expressed in more than 
just the most dominant macroscopic nodule83. This can be a reason for recur-
rences of disease and spread knowledge of the rather complexity of PA. Ad-
ditionally other mechanisms such as renin-independent (GRA) or ACTH-
independent forms of PA may perhaps behave differently in confirmatory 
tests as well as in functional imaging examinations.  
 
MTO-PET has proven to be an excellent method for detecting and categoriz-
ing primary adrenocortical tumours as well distant metastasis caused by 
ACC55-60. However, this method is still associated with high costs and, be-
cause the tracer is linked to unstable 11C, it is not widely available. In order 
to develop more stable flourine-analogues for commercial use and availabil-
ity, the non-metoxylated form (etomidate) may, perhaps, be a more promis-
ing candidate than MTO in this respect62.  
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Somewhat disappointingly, MTO-PET has still not been able to undo the 
Gordian knot with respect to differentiating benign adrenocortical lesions 
from malignant ones, unless there are evident MTO-positive distant metasta-
ses. As we have also observed, totally necrotic ACC might be MTO-negative 
or have only a small brim of adrenal cortex visible. In some cases, such as in 
metastasized disease, a more widespread and less costly PET tracer such as 
FDG might serve as a good diagnostic modality to prove both malignancy as 
well as metastases, even though it would not indicate the origin of the pri-
mary tumour as MTO 50-54,59-60. 
 
Another possible limitation of MTO-PET that we have observed seems to be 
the difficulty of detecting tumours smaller than approximately 1-1.5 cm at 
the resolution limit of the method. This might be especially important for the 
detection of usually small APA in PA in order to be a non-invasive and non-
operator dependent alternative to adrenal venous sampling. Our efforts to 
optimize the MTO-PET method for small adrenocortical tumours and espe-
cially APA have been promising, in that MVW-PCA seems to reduce the 
noise and allow more accurate ROI placement for further delineation of 
small lesions. In combination with adjusted dexamethasone suppression 
protocols and perhaps with CT in a setting with MTO-PET/CT, further im-
provements could be made. However, the mechanism of dexamethasone 
suppression must be further evaluated due to the response heterogeneity in 
some tumours. The doses and length of suppression might have to be altered 
to refine the method. Also, different forms of APA and nIHA/IHA with 
various levels of dependency on renin/angiotensin II, and on ACTH as, for 
example, noted in the familial trait of PA in glucose-remediable aldostero-
nism (GRA/FH I) may behave differently when examined with dexa-
methasone suppressed MTO-PET. In GRA, the mutation which causes a 
hybrid CYP11B1/B2-gene, leading to expression of ACTH-regulated aldos-
terone production through all cortical layers and involving the MTO target 
(CYP11B1) may affect the results.  Other mechanisms may also be the case 
in familial hyperaldosteronism type II (FH II) where the gene defects are yet 
to be discovered and more, hitherto potentially unrecognized, variants of 
PA13-15. 
 
 
 
. 
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Future perspectives 

The development of MTO, or perhaps as indicated ETO and flouro-
analogues combined with PET/CT would make this method accessible and, 
in the future, less expensive. PET/CT would also add a high-resolution ana-
tomical correlation to the functional highly specific MTO/ETO-uptake. A 
recent work on [carboxyl-11C]-Eprosartan, targeting the angiotensin II AT1-
receptor for refinement in PET diagnostics of PA (in press), adds to the ex-
isting body of research on FETO and 18F-MTO analogues62,91. 
Greater knowledge about the refinement of MTO-uptake and functional sup-
pression of normal cortex would enable a higher resolution and detection 
rate of small adrenocortical lesions in primary aldosteronism. This could be 
a future alternative to highly operator-dependent, invasive AVS. 
 
A national screening programme for PA among hypertensive patients seems 
justified in light of its high prevalence, since good long term results of surgi-
cal and medical treatment to avoid cardiovascular events have been proven. 
 
A combination of individually tailored dexamethasone suppression, F-
MTO/ETO-PET-CT with MVW-PCA should be explored in further studies. 
 
However, for the immediate future, MTO-PET will most likely be seen as a 
complement to standard adrenal-specific CT and MRI, and as a problem-
solver in unclear cases. Currently, proposing an algorithm with an initial 
MTO-PET and a complementary HED- and FDG-PET in MTO-negative 
cases does not seem justified due to the costs of the diagnostic work-up of 
incidentalomas, as conventional laboratory tests regarding hormone over-
production along with CT or MRI are usually sufficient to characterize and 
categorize most lesions. Only those tumours still unsolved are saved for a 
potential PET-examination. 
 
However, technical developments concomitant with reduction of costs may 
change this view in the future. 
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Summary/Conclusions 

Long term results of adrenal surgery in patients with PA are very good in 
patients with unilateral dominance, even in cases of nodular hyperplasia, 
which might be a larger group than previously anticipated. Normokalaemia 
and better blood pressure control are usually attained. 
 
MTO-PET correlates well to histopathological findings in post-operative 
patients with adrenocortical disease.  A higher SUV to normal adrenal ratio 
could be observed both for hormone secreting tumours as well as for ACC.  
This method is highly specific and useful for the diagnosis of adrenocortical 
lesions. The method’s resolution limit can allow small tumours to escape 
detection. 
 
MTO-PET cannot readily differentiate benign from malignant adrenocortical 
lesions in the absence of distant metastases. 
 
CT is a readily available and accurate modality and the cornerstone of the 
radiological evaluation of adrenal incidentalomas. MRI is a potent comple-
ment in adrenal tumours that are not fully characterized with CT. MTO-PET 
is very sensitive and specific in categorizing incidentalomas but is more 
expensive and less available. MTO-PET can probably be used effectively as 
a problem-solver in cases that remain unclear after being examined with CT 
and/or MRI, but for the time being, cannot be recommended in a standard 
algorithm for incidentalomas due to its high costs and low availability. 
 
MVW-PCA applied to MTO-PET examinations can significantly reduce 
noise and enable more precise delineation of small tumours at the resolution 
limit of the method. 
 
Dexamethasone suppression treatment prior to MTO-PET examination in 
small adrenocortical tumours could not be shown to increase the SUV ratio 
between tumour and normal cortex, and thus enable better tumour resolution. 
The heterogenic responses in some tumours may indicate different sub-
groups among the tumours. Refinement of the method may contribute to 
better tumour delineation of small tumours.  
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