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306 Cases of Toxic Adenoma:
Clinical Aspects, Findings in Radioiodine

Diagnostics, Radiochromatography and Histology;
Results of 1311and Surgical Treatment'

W. Horst,2 H. Rosier, C. Schneider, and A. Labhart

Zurich

Hyperthyroidism has no uniform etiology. Of three patients, only two fit
the picture of the syndrome described first by Graves and later, in more de
tail, by Basedow. The third patient's hyperthyroidism is caused by a toxic
adenoma.

The diagnosis of toxic adenoma is possibly only by means of a specialized
radioiodine study. We offered from our experiences in Hamburg, Germany,
1953, a clear-cut distinction between toxic adenoma and Graves' disease by
means of scanning and certain routinely performed radioiodine functional in
vestigations (1, 2). This method has been practised by the same team since
1963 in Zurich. This survey, therefore, can compare results from the North Sea
coastal regions of Germany with those from Swiss regions at the foot of the alps.
It becomes evident, therefore, that toxic adenoma is a frequent condition in goi
trous regions as well as in districts without endemic goiters.

This differentiation has its most important consequences in treatment of
hyperthyroidism. The particular treatment of toxic adenomaâ€”whether by sur
gery or with radioiodineâ€”is quite different from that of Graves' disease. Jo
dine-131 treatment of toxic adenoma does not entail appreciable risk, early or
late, of myxedema and surgical treatment is also particularly free of such risks.

On the other hand, radiochromatography of urine and serum does not show
qualitative differences in the â€˜31I-containing compounds in normal controls,
Graves' disease and toxic adenoma, although there are quantitative differences.

â€˜Presented at the Fifth International Thyroid Conference, Rome, 1965.

2UniversitÃ¤tsklinik fÃ¼rRadiotherapie und Nuklearmedizin, Kantonsspital, ZÃ¼rich/Schweiz.
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METHODS

Our routine radioiodine study is characterized by uptake measurements
and scanning before and after administration of TSH and before and after ad
ministration of thyroid hormone (1, 2). The 1311-uptake in the thyroid region
is measured after two and 48 hours and the â€˜31PBIevaluated after 48 hours.
This proceeding, which was first described by Horst in 1953 (1,2) and is still
unchanged, is the basis for diagnosis of toxic adenoma today. Additional exam
inations are resin-1311-T3-uptake measurement and analysis of â€˜2TPBI.Scans,
sometimes presented in color, are performed with electronic background sub
traction (3) and count-print translation linear from lowest to highest count rates
over the thyroid gland. Cut off and other non-linear delineating systems are
strictly avoided, because they are the main source of error, particularly where
the diagnosis is missed.

A hot or warm nodule in the scanned thyroid region is suspicious of toxic
adenoma, but not all these nodules are toxic adenomata. We have to assess the
accelerated production of thyroid hormone, independenfly of the pituitary,
within this nodule.

The first example in the upper row in Figure 1 shows scintigraphic find
ings in what we call a decompensated toxic adenoma. First, radioiodine is taken
up only in a circumscribed region, namely in the adenoma itself. The thyroid
gland, on the other hand, is not to be seen in this scan. After administration of
thyrotropic hormone (1) (TSH) to this patient, one finds the scintigram above
right. Now not only the adenoma but also the thyroid can be seen.

Fig. 1 (left). Diagnosis of the toxic adenoma (Copies of color scans).
Fig. 2 (right). Diagnosis of the compensated toxic adenoma (Copies of color scans).
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A warm nodule within a still active thyroid gland is the first scintigraphic
finding in the case of a compensated toxic adenoma. (Figure 2, above left).
After oral administration of T4 or triiodothyronin (1,2) the healthy paren
chyma is inactivated. In this stage of examination only the toxic adenoma takes
up iodine-131 (above right). In the first example, only the perinodular tissue
could be stimulated by additional TSH administration; in the second one, the
radioiodine uptake could be suppressed within the perinodular tissue only by
additional T4 or T3 administration, in other words, by lowering of the endoge
nous TSH level. In both cases, the perinodular thyroid tissue follows the rules
of thyroid-pituitary regulation. On the contrary, uptake (and metabolism) of
iodine in the nodule is independent of thyrotropic hormone; its function is au
tonomous.

These effects upon the thyroid-pituitary axis make it seem probable that
the substance produced within the nodule must be thyroid hormone. From here
we are entitled to give the name â€œtoxicadenomaâ€• to this circumscribed tumor
of the thyroid gland.

In the first example, autonomous hormone production within this adenoma
was sufficient to suppress radioiodine uptake by the perinodular tissue (Figure
3); mechanisms of regulation in the thyroid-pituitary axis are ruled out now. We
call it the decompensated stage of the TA. In the second example, there is still
small scope for such regulation; we call this stage the compensated one. (1, 2, 11).

daily requirement
of thyroid hormone

Fig. 3. Definition of compensated and decompensated toxic adenoma in comparison to
normal and diffuse hyperfunctioning thyroid.
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Compensated and decompensated toxic adenoma are different stages of the
same disease ( Fig. 4 ) . Compensated toxic adenoma develops slowly into a de
compensated adenoma. This development can be documented; the average
weight of the compensated toxic adenoma as determined from scanning is
19,2 Â±2,7 ( n = 63 ) ; that of the decompensated toxic adenoma, on the other
hand, is 40,5 Â±3.0 g (n 211 ). The 48 hours' â€˜31PB1rises from 0,74 Â±0,13%/i
to 1,37 Â±0,11%/i, corresponding to the increase in clinical symptoms.

RESULTS

Three hundred and six patients with toxic adenoma were examined, treated
and followed up by the same team under standardized techniques. Half of
these patients were seen in Hamburg (156), while the others were seen in
Zurich, Switzerland. When first examined, 232 of these toxic adenomata cases
were in the decompensated stage.Only 74 patients,that is approximately 25%,

had a compensated toxic adenoma. Table I contains these numbers in detail.
Findings of the â€˜311-three-phase study, completed by the addition of the

average values for the 127PB1, are summarized in Table II. The 131J uptake in
the thyroid region, 2 hours and 48 hours after â€˜â€œIadministration, is indeed raised
in comparison to the normal controls, but not to the same degree as in Graves'
disease. The deciding factor in the diagnosis is above all the â€˜31PB1in the 48-
hour serum, which is raised, as in Graves' disease. The resin-1311-T3-uptake is
also raised to slightly higher values than normal; they fall, however, between
the normal values and those for Graves' disease.

In 180 normal controls, the values for two hours' uptake lay between 10%
and 30% and the value for the 1311 in the 48 hours-serum between 0,01% and
0,24%/i (1). In Survey Table III, the number of cases of toxic adenoma are
given in which these values fell into the normal range.

The accuracy of both determinations is less limited with decompensated
toxic adenoma. The rate of error of 3,6% for the 48 hours 131PBI-determination
in the case of the decompensated toxic adenoma and of 18% in the case of the
compensated toxic adenoma makes these determinations the most important
after the scintigraphic examination.

TABLE I

TOTAL NUMBER OF TOXIC ADENOMATA IN THIS SURVEY



compensateddecompensatedTotal

of Clinical Symptoms73 â€”@ 93%Heat

Intolerance

Palpitation, Weigt Loss6
â€”P.. 23%Weight

of Adenoma19 g â€”P.. 41gSerum

P81131/liter after 48 hr0,7 % â€”@ 1,4%63

cases 211 cases
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The raised value for the â€˜31PB1in the 48-hour serum is the expression for
the accelerated iodine turnover and the increased hormone secretion rate
within the toxic adenoma. This value can also be manifested in a progressive

Autonomous Toxic Adenoma of theThyroid

Transitional Stages of Toxic Adenoma

Fig. 4. Transitional stages of the toxic adenoma.

Fig.5.Scintigraphiccourseofa toxicadenoma (â€œLeakagePhenomenonâ€•).
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series of scintigraphic examinations, as Fig. 5 shows. After TSH administra

tion, the toxic adenoma is to be seen as a warm nodule within the typically
configurated thyroid gland ( 2nd picture above). Within 14 days, this adenoma
has become a cold nodule within the thyroid gland (figure below right) . The
TSH-activated thyroid tissue binds the 1311with longer half-time than the nod
isle does.

This â€œleakage-phenomenonâ€• ( 6 ) is seen not only in the case of an autono
mous toxic adenoma, but is also found in the rare â€œnon-autonomous adenoma
with accelerated iodine turnover.â€• This rather rare condition may be accom
panied clinically by euthyrodism or hyperthyroid symptoms. The synopsis of
differential diagnosis of the warm and the hot thyroid nodule ( Fig. 6 ) takes
into consideration, therefore, not only the findings of the radioiodine function
study, but also the progress as shown in the scintigraphic examinations ( 5).

RADIOPAPERCHROMATOGRAPHY

Paperchromatographic examinations of serum and urine were performed
after administration of 1311 in the following groups: controls with normal thy

roid function, toxic adenoma and Graves' disease. Extracts were separated mostly
in a butanol-ammoniac-dioxan system.

In the serum of all three groups were found: T3, T4, iodide and traces of
iodotyrosines. We never found any atypical â€˜311-containing substances. On
chromatographic separation of the urine butanol extract, we found a number of
unidentifiable1311-containingsubstances.Here, too,we did not find any atypi

cal spots in comparison with Graves' disease and normal controls in the chro
matogram in the case of toxic adenoma (Fig. 7). The chromatograms were
evaluated both quantitatively and by autoradiography. All spots in front of the
iodide fraction with RFâ€”values up to 0,43â€”were taken as FO (â€œorganic frac
tionâ€•). If we integrate the area of this FO-fraction and express it as a ratio of

Fig. 6. Differential diagnosis of warm and hot nodules.
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the 1311-T3,which is found in very large quantities in the urine, this ratio varies
typically within the three groups. During the first few hours after administra
tion of 131J, this ratio is, in Graves' disease, three to six times as high as in toxic
adenoma and is also much higher in euthyroid controls than in toxic adenomas.
This FO-fraction lies in the lowest range in the case of the toxic adenoma (Fig.
8). We can assume that precursors in the hormone synthesis are running with
this FO fraction, their concentration in the urine depending on the degree of
thyrotropic stimulation of the parenchyma (4).

The results of radiochromatographic examinations of the serum are demon
strated in Figure 8. There seems to be no difference in the decrease of ratio
1311-T3 to 1311-T4, when toxic adenoma and diffuse hyperfunction are compared
(Fig. 9).

CLINICAL FINDINGS

Clinical findings are also able to demonstrate some peculiar characteristics
of the toxic adenoma in contrast to the diffuse thyroid hyperfunction. The
frequency distribution shows a majority of the diffuse thyroid hyperfunction
over the toxic adenoma in clinical material. Of 453 thyrotoxic patients seen
in Zurich, (one year collection), 328 had a diffuse thyroid hyperfunction and
125 had a toxic adenoma; that is, one third of all cases in Zurich examined or
treated because of a thyrotoxicosis had a toxic adenoma. These numbers corre
spond with our results from Hamburg (5).

Organic i131. (Urine: Paperâ€”Chromatography)

24 hours, after 131 dose

t f ft
Dii i 1413

Grave s' Disease
-J

Fig. 7. Radiochromatography
adenoma and Graves' disease.

of the butanol-extract of urine, comparison between toxic

ft f + $
Dill i 1@T3
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Toxic Adenoma
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The history of Graves' disease is usually short, averaging anywhere from
2.6 Â± 0.04 years; on the other hand, in the case of toxic adenoma, it is often
difficult even to determine the starting point of the disease (5.3 Â± 0.88 years).
The toxic adenoma probably develops as a benign tumour, usually slowly growing.
The appearance of clinical symptoms is slow and there is no sign of a sudden
or even dramatic onset of development, as one sees in Graves' disease. The
protracted development of thyrotoxicosis in the case of a toxic adenoma allows
a progressive adaption of the patient to his disease. However, 72% of the pa
tients complain of excitability and 56% of palpitation, which are therefore guid
ing clinical symptoms in those with toxic adenoma. In addition, heat intolerance
(41%), loss of weight (25%), and more rarely diarrhoea ( 10%) are reported. The
sex distribution is notably similar to that in the case of Graves' disease. Women
predominate with 5.8 : 1 over men ( 306 analyzed cases from Hamburg and ZÃ¼
rich). Among 910 patients with diffuse hyperthyroidism, the ratio is 6: 1 : 1,
as against 2. 1 : 1 in 192 patients with euthyroid goitre. Similar agreement can
be found in the reports of thyroid diseases within the patient's family ( based
on first degree relatives only ) : 29.5% positive in case of the toxic adenoma, 26.8%
in Graves' disease, but 58% in euthyroid goitre.

By simple neck palpation, 72% of the toxic adenomata presented as a uni
nodular goitre ( 150 unselected patients with toxic adenoma were analysed).
Uninodular enlargement was palpated in only 18% of the cases with a diffuse
thyroid hyperfunction. One often finds a toxic adenoma within a multinodular
goitre (25% as against 21% in Graves' disease), but more rarely in a case of no pal
pable goitre or in a case of diffuse parenchymatic thyroid enlargement (3% as
against 61% in Graves' disease).

Eye symptoms with exophthalmus were never found in patients with toxic
adenoma, but were distinct in 35% of the cases with Graves' disease and pres
ent in altogether 52% of our patients with this condition. The combination of
uninodular goitre in the absence of exophthalmus points to a toxic adenoma
as the 80% probable cause of the hyperthyroidism, as calculated from Table II.

TREATMENT OF THE TOXIC ADENOMA

Since toxic adenoma can be diagnosed by in vivo examinations, (i.e. since
toxic adenoma is not a histological diagnosis), an operation is not the treat
ment â€œsinequa non.â€•As a rule, toxic adenoma is eliminated with radioiodine.
Where the nodule shows an extremely accelerated iodine metabolism, the op
eration is to be preferred, as it leads to a more rapid cure. Surgical treatment
has a better cosmetic effect in cases with considerable regressive alterations

(7,8,9).

We look back on 273 patients (124 from Hamburg, 149 from Zurich), who
could be followed-up for at least 10 months and up to 12 years after treatment.
Over two-thirds of all cases were treated with 131Jand a bare one-third surgically.

Radioiodine dose is calculated in Roentgen-equivalents for the toxic ade
noma and aims for destruction of the entire adenoma. The surrounding paren
chyma, inactive or inactivated by exogenous administration of T3 before ther



Toxic Adenoma
/Toxic

AdenomaIs)

306 CASESOF TOXICADENOMA 523

apy, is protected after administration of the therapeutic dose against re-utilized
radioiodine for a further two to four weeks by continued triiodothyronine ad
ministration (5,6).

In the first example (Fig. 1) the radioiodine treatment of a decompensated
toxic adenoma is demonstrated. After confirmation of the diagnosis with control
scan after TSH (upper row right), one must wait until up to three weeks later,
the decompensated stage is spontaneously re-established (lower row, left). Then
the therapeutic dose is given. The healthy thyroid tissue is then protected by
T3-medication for a further two to four weeks. Three months later, we see the
fourth picture; in the region of the former adenoma, only scar tissue is now pal
pable. Here radioiodine is no longer taken up. On the other hand, the para
nodular thyroid tissue takes up 1311spontaneously.

The primarily compensated toxic adenoma is treated by radio-iodine after
administration of T3 (Fig. 2). The destruction of this adenoma proceeds, as
before, under protection of the healthy thyroid tissue with T3 administration
for two to four weeks, too (below left). Three months after therapy, a scar re
sults in place of the former warm nodule (Fig. 2, below right).

The aim of the operation is exclusively the enucleation of the adenoma,
while carefully sparing the healthy atrophic thyroid tissue; ligation of the thy
roid vessels should be avoided (7, 8,9 @l.
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SUCCESS AND RISKS OF THERAPY

A total of 81 patients (Zurich ) was treated with varying doses per ade
noma. Only results of control-examinations, three months later will be consid
ered. Fifty-four patients were clinically cured and 26 improved. Only one pa
t:ent's condition was unchanged (Table IV). The higher the elimination dose
was chosen, the better the result: 83% cured after 30,000 rads and higher doses

as against 48% after doses lower than 20,000 rads/adenoma. The only unchanged
patient received 15,000 rads/adenoma.

Follow-up scintigrams already showed in the majority of cases after three
months and in the others rather later, the typical thyroid figure. Here, too, we
found the result dependent on the elimination dose. A scar, that is, no radioiodine
uptake in a nodule reduced in size or no palpable nodule at all, was found in
half of the patients (16 out of 30) treated with 30,000 rads and higher, but
only in 2 patients out of 28, treated with doses lower than 20,000 rads. In a fur
ther 38 out of all 81 patients concerned, there was a residual 1311uptake in the
nodule, but the perinodular tissue was reactivated spontaneously and a compen
sated stage of the toxic adenoma was the result, as could be proven by an addi
tional examination after administration of T3. However, sixteen patients still
had a decompensated, but smaller residual toxic adenoma. Low uptake mea

T3â€”I'3'(Serum)

30@ Percentage of Labelled Hormone-Iodine after It@-Dose

Rad iopaperchrom atography

Diffuse Hyperfunction

â€œGraves' Diseaseâ€•

( 5 Patients )
I I

24 48 72 96

@ hours

Fig. 9. Variation of the ratio T3 to T4 in the serum with time (toxic adenoma and
Graves' disease).
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surements are typical for these patients. Clinically they are euthyroid, so they

do not immediately need any further therapy. We saw spontaneous reanima
tion of perinodular tissue after several months and these findings corresponded
to our observations from Hamburg ( 4, 5).

The optimal radiation dose lies between 20,000 and 30,000 rads within the
toxic adenoma. This treatment entails no risk. In no case was an acute aggrava
tion of the hyperthyroidism seen before the radioiodine took effect. The whole
body dose is in general lower than in the treatment of Graves' disease. In the
rare cases not cured ( see above ) the 1311therapy is repeated. This therapy also
is without risk, when the protection of the perinodular tissue by T3 is strictly

adhered to.
The surgical technique described is less risky than subtotal strumectomy,

which is necessary in diffuse hyperfunction. Tetanie, paralysis of the recurrens
nerve or death during or after operation did not occur in our 79 cases (7,8,9).

In none of the 306 cases of autonomous adenoma did we find clinical signs
of malignant growth and in 79 cases a histological study was carried out. In
Hamburg (Prof. Krauspe) were found follicular (75%), but also trabecular (8%),
embryonal (3%) and, even in 14%, papillary adenomas. In Zurich (Prof. Ueh
linger) the histological picture was more uniform: eight mainly microfollicular,
11 macrofollicular differentiated adenomas as against five mixed follicular, one
microfollicular-trabecular adenoma, as published by Cope, Rawson and Mac
Arthur (10).

These different histological results make it clear that the condition is diffi
cult to diagnose by means of morphological criteria. Thyroid parenchyma sur
rounding the adenoma is atrophied. However, functional atrophy is difficult to
distinguish from pressure atrophy, which may also be caused, for example, by

TABLE I!

RESULTS OF RADI0I0DINE 3-PHASE-STUDY WITH RESIN-I'31-T3-UPTAKE, AND OF

PB!â€•7IN Toxic ADENOMA, COMPAREDWITH NORMAL CONTROLSAND
GRAv1@s' DISEASE

(Average Â±SD; n = number ofcases,diagnosisaffirmedby progressaftertherapy)



Grave's Disease 2/31. FrequencyToxic Adenoma1/3Short

case history

Rapid progression2.
HistoryProtracteddevelopmentAll

degrees of severity
Triad of Basedow3.

Clinical
findingsMostly

mild
No endocrineexopthalmusBMR,

PBI, reflextime,
J-131: â€œsecondary hyperthyroidismâ€•4.

DiagnosisJ-131: â€œprimary hyperthy
roidismâ€•Therapy

of the symptoms:
Reduction of hor,none production5.

TherapyTreatment of the cause:
Elimination of theTASurgical

risks
Drugs side effects
M yxedema-endocrine exophthalnius6.

Therapeutic
risksNone!

(?)Incomplete

healing (leaving defects)
CumLlative myxedema rate

Relapse7.

PrognosisComplete healing
No cu,nulative myxedema rate
No relapse! (?)
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adenomas without hormonal activity. Therefore this criterion, too, is of little
value in diagnosis of the toxic adenoma.

LONG-TERM RESULTS AFTER THERAPY: PROGNOSIS

In the case of 131k treatment of Graves' disease, the early and particularly
the cumulative risk of myxedema is considerable. In our own material, it was
27% after 10 years, in the literature are found cumulative rates of myxedema
after 131[ treatment of Graves' disease of up to 36%.

We observed only one myxedema among 194 patients with toxic adenoma
after â€˜@â€˜Itreatment. In this patient, the T3 protection of the thyroid parenchyma

had been missed. Clinical and radioiodine examinations up to 12 years after
the start of therapy revealed not one single additional myxedema. Moreover,
there was no tendency toward alterations in the direction of hypofunction; that
means there was no progressivefallof the uptake values.Behavior after ex

ogenous TSH administration always remained normal. Malignancy occurred,

even after many years, in none of our cases. Recurrences were not seen in the

radioiodine eliminated toxic adenomas.
Long-term results after surgical treatment were also favorable. Among 79

cases followed-up surgically, we have found up to now only one permanent

myxedema. In this case, however, we found, scintigraphically, thyroid paren
chyma taking up radioiodine the size of a 3@gmresidual thyroid gland, which
could not be stimulated to sufficient function by administration of TSH.

HYPERTHYROIDISM (SuRvEY)

Fig.10.Comparisonoftheclinicalfeaturesoftoxicadenoma and Graves'disease.
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Statistics on results of radioiodine treatment of hyperthyroidism must con
sider the different long-term results of the two different etiological causes.
Statistics without this differentiation may be of limited value.

SUMMARY ( FIGURE 8)

Toxic adenoma is a frequent occurrence. In about one-third of our cases of
hyperthyroidism, an autonomous toxic adenoma was found to be the cause. We
found no differences in frequency between patients from coastal regions and
those from the forealps, where endemic goitre is a frequent condition.

The diagnosis can only be substantiated by means of a special radioiodine
study, namely linear scintigraphy in combination with controls after adminis
tration of TSH and T3.

Chromatography of urine and serum does not show qualitative differences
in the 131I-containing compounds in Graves' disease and toxic adenoma; on
the other hand, there are quantitative differences.

In the case of toxic adenoma, hyperthyroidism can be cured by perma
nently removing the cause of hyperthyroidism.

Iodine-131 therapy requires high doses of 20-30,000 rads/toxic adenoma.
When carried out under T3-protection of the healthy parenchyma, there is no
early or cumulative risk of myxedema.

The clinical course of toxic adenoma is considerably better than that of
Graves' disease, as there is less, in our material practically no risk of myxedema;
moreover, there are never complications such as endocrine exophthalmus or cir
cumscribed myxedema.

The histology of the toxic adenoma is not unique and, therefore, is not
a basis for diagnosis, but in 79 patients operated and histologically proved, no
malignancy was found.

TABLE III

INACCURACY OF Iâ€•â€”UPTAKEâ€”AND PB!â€• MEASUREMENTS IN Toxic ADENOMA:

R1@ATIvJ@ NUMBER OF CASES WITH FINDINGS WITHIN THE NORMAL RANGE



ScintigraphicallyScar2(

8%)11(45%)16(52%)27(33%)compensated16(55%)8(36%)12(41%)38(47%)decompensated

re

sidualAdenoma10(37%)4(19%)2(7%)16(20%)Number

ofPatientstreated28(100%)23(100%)30(100%)81(100%)
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TABLE IV

RESULTS OF A SINGLE RADIOIODINE DOSE (3 MONTHS

ZURICH
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AFTER ADMINISTRATION)â€”

inAbsorbed
Dose â€”*

Adenoma (rad)i@'oo@- 19'OOO20'OOO29'OOO30'OOO 30000 Total

Clinically
cured
improved14 13(48%)(48%)16 7(68%)(32%)25 5(83%)(17%)54 26(67%)(32%)unchanged1(

4%)â€”( 0%)â€”( 0%)1(1%)


