





What Does the Laboratory Have to Offer?

Several diagnostic laboratory procedures may be help-
ful in identifying the nature of the nodule. Elevation in the
concentration of serum thyroxine (T,) or trilodothyronine
{Ta) may occur with autonomous hyperfunctioning nodules,
and serum TSH values are generally increased in the reactive
compensatory nodule. Under both circumstances, such ele-
vations almost aiways connote a benign process. Calcitonin
or histaminase elevation are useful markers for medullary
carcinoma.'’® The level of serum thyroglobulin may be ele-
vated in patients with papiillary and follicular carcinoma
but unfortunately is only of limited diagnostic significance
since such elevations may also occur in benign conditions
such as thyroiditis.

Hot Versus Cold Nodules

Perhaps the most useful of laboratory procedures is
scintillation scanning with radioactive iodine.’® The pri-
mary value of scintillation scanning is the differentiation
of functioning or hot noduies and nonfunctioning or cold
nodules. Hot nodules are usually benign, and as mentioned
previously, can be classified into two major groups.

In the first, function is autonomous, ie, independent
of TSH (Fig. 2). Hormone production appears to be related
primarily to the size and availability of iodine substrate.

AUTONOMOUS NODULE

After
TSH
Uptake 42%

Original After
Study T-3
Uptake 34% Uptake 36%

Figure 2

3] scans of a thyroid gland with an autonomous hot nodule. Center panel
shows the scan after the patient was given 100ug T; for ten days. Right panel
shows the scan after the patient was given 10 units of TSH intramuscularly
for three days.

The thyroidal state of the patient is related to the levels of
circulating T, and T,. In euthyroid patients, these values are
normal, and they are elevated when the patients are hyper-
thyroid. The natural history of these nodules suggests that
after many years of a euthyroid state, hyperthyroidism may
supervene.’®. . The extranodular thyroid tissue is dor-
mant since thyroid hormone produced by the nodule sup-
presses TSH. Such nodules will show resistance to the usual
suppressive effects of administered T.'7 Scintillation scan-
ning will show continued uptake by the nodule. The func-
tional potential of the extranodular tissue can be shown by
the administration of exogenous TSH. Treatment is needed
only if there are pressure symptoms or hyperthyroidism.
Pressure symptoms should be treated by surgical excision
and hyperthyroidism either surgicaily or with radioiodine.

The second type of functioning thyroid nodule repre-
sents a reactive or hypertrophic process mediated by TSH
(Fig. 3). The primary problem causes deficient hormone
production which evokes a TSH response. One or more parts
of the thyroid grow to produce more T, and T, to meet meta-
bolic demands. Function by the enlarged area(s) is sup-
pressed by T; administration, and the extranoduiar tissue
which has an impaired biosynthetic capacity is not stimu-
lated by administration of exogenous TSH. Treatment con-
sists of replacement therapy with thyroid hormone.

REACTIVE HYPERTROPHIC NODULE
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Flgure 3

3| scans of a thyroid gland with a hypertrophic reactive nodule. Center
panel shows the scan after the patient was given T; and the left panel after
patient was given TSH as described in Figure 2.

Thyroid carcinoma is almost invariably associated with
cold noduies but most cold nodules are benign (Fig. 4). Ai-
though limitations to scintiliation scanning are well-recog-
nized especially with smali nodules,"™ the cold character-
istic of a nodule is a useful screening procedure to detect
malignancy. One study has shown that 80% of thyroid can-
cers concentrate iodine less than 1% as well as normail thyroid
tissue. Scintiliation scanning with technetium 99m labeled
pertechnetate may not be as useful as with isotopes of iodine,
since pertechnetate is trapped by the thyroid and not organi-
fied. Some carcinomas may trap normally but fail to organify
appropriately.

Figure 4
123} scan of a thyroid gland showing a cold nodule.



The Role of Echography

Benign cysts, adenomas, carcinomas, and foci of thy-
roiditis all appear as cold areas on the radioiodine scan, but
further resolution is possible by echography (Figs. 5-8).1%2
This technique analyzes the nature of tissue by virtue of
its response to ultrasound. Frequencies of 2 to 5 million
cycles per second {(megahertz) are transmitted in brief puises
into the thyroid region. The same instrument which produces
the sound also receives an echo wave when the ultrasound
is reflected by tissue boundaries or interfaces. Appropriate
equipment produces an ultrasonic image of the thyroid and
adjacent structures. Since fluids are homogeneous and con-
tain no interfaces, they appear echo-free. in contrast, tissue
produces numerous internal echoes. Current methods using
Gray Scale technique and coupling of the transducer to
the skin via a waterbath permit sufficient resolution and
detail to reveal architecture. Echography is particularly
useful in deciding whether the isotopically cold lesion is a
cyst or a solid tumor. The cyst appears as agliobular, smooth-
walled structure without internal echoes. The ultrasound is
efficiently transmitted through the cyst fluid and, therefore,
the posterior wall and the regions beyond show increased
echoes. In contrast, the solid nodule generates numerous
internal echoes and the echo pattern behind its far wall

shows no enhancement. These solid nodules may be acousti-
cally discernible as more or less echogenic than normal thy-
roid tissue. Large solid nodules usually have undergone
hemoirhagic degenerative changes. These changes are ultra-
sonically distinguishable as compiex echo patiterns which
are quite distinct. The degenerated nodule has abundant
echo-dense areas corresponding to solid regions and asym-
metric echo-iree fluid-filled zones which are smaller than
the palpable nodule or than the diameter of the cold area
on the isotope scan. Thus, this diagnostic technique permits
further classification of cold thyroid nodules intc (a) simple
cysts which can be regarded as benign (approximately 10%
of cold thyroid nodules) and (b) solid nodules or complex
degenerative nodules which may be malignant.

Gray Scale echography is of considerable value in as-
sessing changes in the configuration and size of a thyroid
nodule during the course of observation and treatment. En-
largement of a mass due to tumor growth can be differenti-
ated from enlargement due to cystic or hemorrhagic degen-
eration. Conversely, shrinkage can be accurately ascribed to
resorption of cyst fiuid or resolution of tumor. This type of
information is important in conjunction with suppressive
therapy. Serial echography may be carried out without dis-
continuing suppressive therapy. Echography can resolve

R=Right side of the patient, L=Thyroid lobe, Th=Thyroid gland, T=Trachea, V=Carotid vessel, C=Cyst, N=Nodule, $=Solid component of a nodule,

H=Hemorrhagic/degenerated zone. A 1 c¢m scale is indicated.
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Figure 5
Gray Scale echogram of a normal thyroid gland.

R

Figure 7
Gray Scale echogram of a simple cyst in the left lobe.

Figure 6
Gray Scale echogram of a solid nodule in the right lobe. The trachea and left
lobe are displaced to the teft.

N

Figure 8
Gray Scale echogram of a degenerated solid nodule in the {eft lobe. The
trachea and right lobe are displaced to the right.



iesions that are just under 1 cm in diameter and disclose the
extent of a thyroid nodule indirectly by revealing distortion
of the surrounding structures. Displacement of the trachea,
carotid vessels, and the surface of the neck are accurately
depicted and lymphadenopathy may be revealed as well.
Although some investigators have reported unique echo
patterns for benign and malignant nodules, others have
found such a distinction unreliable. In the author’s experi-
ence, echography reveals gross anatomy of a nodule and
not its histopathoiogy. Finally, echography has the advan-
tage of being nonionizing and therefore harmiess to tissue.

Other Diagnostic Techniques

Roentgenographs may disclose the dense calcifications
which follow hemorrhage but these are of little diagnostic
value. The presence of punctate calcifications, however,
correlates with psammoma bodies found in thyroid carci-
noma. Fluorescence scanning using americium #241 is a
promising procedure.?? The method depends upon the
activation and resultant fluorescence of the stable iodide in
the thyroid and in the nodule by gamma rays emitted by an
external source of the isctope. The patient does not ingest
any material. The amount of iodide in the nodule can then
be compared with that in the remainder of the thyroid on
the basis of their relative fluorescence. It has been shown
that when the ratio of stable iodide in a nodule to that in a
comparable contralateral area is less than 0.6, the risk of
malignancy is high. Further developments with this tech-
nique are anticipated.

Selection of Therapeutic Approach

On the basis of the history and physical examination
of the patient and the results of certain laboratory studies
including thyroid function tests, isotope scanning of the
thyroid, and echography, the physician should be prepared
to make some broad management decisions. itis the author’s
practice to advise surgical excision only when the nodule
is cold and the echogram demonstrates that it is solid, with
or without degenerative changes, and when one or more of
the following apply: (1) history of exposure to radiation
therapy, (2) age under 20 years, (3) recent growth of a hard
nodule, (4) presence of suspected metastases (local adeno-
pathy or distant involvement}. Hardness of a noduie without
a history of growth is a relative consideration in the selection
process. In a borderline situation, hard consistency without
calcification, however, may be a deciding factor. A nodule
in 2 male is viewed with suspicion.

In most patients these criteria for surgical intervention
are lacking. Further diagnostic evaluation is therefore un-
dertaken.

The Role of Suppressive Therapy? 28

There is considerable evidence using in vitro and in vivo
studies that thyroid tissue including adenomas and even
cancers grows under the influence of TSH and shrinks when
TSH secretion by the pituitary is reduced. As pointed out
earlier, some physicians have advocated TSH suppression
as the only treatment for thyroid tumors. Many endocrinolo-
gists, however, employ the response of the nodule to sup-
pressive therapy as part of the selection process in manage-
ment. Any noduie which fails to shrink after TSH has been
adequately suppressed is believed to lack neuroendocrine

control, a situation considered characteristic of malignancy.
Although such an approach may identify those nodules
with a potential for aggressive growth, most observers now
recognize that shrinkage of a nodule does not definitively
excludethe possibility of carcinoma. Nevertheless, itappears
reasonabie to propeose that if a nodule shrinks in response
to thyroid hormones, it would appear likely to remain dor-
mant and not destructive to the patient as long as suppres-
sive therapy is maintained.

It is the author’s practice to use L-T; in an initial trial
of suppressive therapy. Treatment is initiated by 25ug daily
and the dose is increased by 25 ug every third to fourth day
for a tota! of 25 ug four times a day. Care is taken to
provide that the patient tolerates this medication, and no
attempts at suppressive therapy are made in certain patients
with known contraindications to high doses of T, such as
patients with coronary artery disease or patients of advanced
age. Suppression is maintained for a minimum of three
months uniess symptoms of hyperthyroidism supervene or
the nodule continues to grow. Shrinkage of the noduie is
defined as a 50% reduction in the diameter of the nodule.
Great care is taken to define contours of the nodules in an
objective fashion. Two independent methods are used. The
outline of a nodule is drawn on adhesive paper tape which
is then affixed as a permanent record into the patient's
chart. With practice, accurate and reproducible tracings
can be obtained. Serial echography is aiso useful in delinea-
ting the size of the nodule and in evaluating the nature of
changes during suppressive therapy. Nodule size is evalu-
ated at monthly intervals. During suppressive therapy, the
serum concentrations of T, and TSH are measured to be sure
that they are low in order to evaluate the completeness
of suppression. A good endpeint for insuring TSH suppres-
sion is the inability of thyrotropin releasing hormone (TRH)
to elicit a response in serum TSH.

If at the end of three months of adequate TSH sup-
pression any nodule continues to grow or fails to shrink, the
patient is advised tc have the nodule excised. Cn the other
hand, patients with nodules which have become at least 50%
smaller as a result of suppressive therapy continue to receive
such suppressive therapy on a lifelong basis. Long-term
suppression is maintained with L-T4 0.2 to 0.3 mg daily.
Adeguacy of suppression can be determined by reduction
of thyroidal radioactive iodine uptake to less than 3%, lack
of detectability of TSH, or, better, by failure of responsive-
ness of TSH to exogenous TRH administration.

The results of this selection process have recently been
examined in a prospective study by the author in 220 con-
secutive patients with solitary nodules.?® Seventy-seven
of these patients were eventually treated surgically. Sei-
ection for immediate surgery based on the historical and
physical criteria cited previously led to operations in 28 of
these 77 patients. Twenty-three of these patients had neo-
plasms, 10 had adenomas, and 13 had carcinomas. Of the 77
patients who were operated on, 33 were selected for surgical
excision because of lack of response to suppressive therapy.
in 5 patients, the nodule continued to grow during suppres-
sive therapy. All of these patients had a neoplasm; 3 had
adenomas, and 2 had carcinomas. The noduie failed to shrink
in 21 patients; 19 of these had neoplasms, 16 had adenomas,
3 had carcinomas. Several of the patients whose nodule
shrank more than 50% and therefore were not treated sur-



gically but continued on suppressive therapy have small
residual thyroid nodules but none of them have other
clinical evidence of disease. These patients remain under
careful clinical review and are part of an ongoing investiga-
tion.

The Role of Needie Blopsy ™

A percutaneous biopsy of a thyroid noduie may be useful
in evaluating thyroid nodules which fail to shrink in response
to suppressive therapy or which are otherwise suspicious.
Two different kinds of biopsy techniques are available. One
uses a large-bore needle to obtain a core of tissue. Although
considerable operative expertise is required, in proper hands
the risk of such a procedure is small. Nevertheless, rare
complications do occur such as laryngeal nerve injury,
tracheal puncture, or hemorrhage. The advantage of the
technique is the availability of a core of tissue which is
suitable for histopathologic examination. Nevertheless,
some pathologists are reluctant to interpret even this.

Aspiration of cells from a nodule with & fine needie is
a less risky approach. The technique is simple and multiple
punctures are possible. The major limitation is a require-
ment for a skilled cytologist prepared ic interpret the
aspirate.

Early concern about the possibility of implantation of
the needle track with tumor has not been substantiated
in more recent studies. It may be appropriate, however,
for the surgeon io excise the needle track at the time of
thyroidectomy when a malignant nodule is found.

There are certain basic limitations to the needle biopsy
procedure. These include the unreliability of findings with
large nodules which have undergone degenerative changes.
Cytologic examination of bloody fluid from such degenera-
tive nodules may be quite misleading. Drainage of fluid from
these nodules serves no useful purpose uniess there is ob-
struction of the thoracic inlet which requires decompres-
sion. Reaccumulation of fluid after aspiration is common and
may be observed in malignant nodules. In contrast, collapse
of a simple cyst by removing straw-colored fluid may be a
useful clinical procedure. These considerations emphasize
the potential usefuiness of combined use of echography
and aspiration. Another problem with needle biopsy involves
the difficulty in reliably differentiating follicular adenoma
from follicular carcinoma. Such differentiation requires
meticulous examination of the gross and histologic material
to determine whether or not there is invasion of the capsule
and blood vessels. Finally, needie biopsy specimen provides
only limited information about the overall bioclogic behavior
of the nodule.

It is the author’s practice, therefore, to employ needle
bicpsy as a last step in the protocol, when an orderly de-
cision cannot be made on the basis of the other techniques.
The biopsy procedures may be particularly useful in the
patient who cannot tolerate suppressive therapy, the patient
who requires further reassurance and in the patient who
continues to manifest an unduly hard nodule after suppres-
sive therapy and therefore remains a source of concern.

SUMMARY

An analytic and selective approach to the management
of the solitary thyroid ncdule is presented. Since goiters
and nonneoplastic nodules are common but tumors and

especially malignancies are rare, accurate diagnosis is need-
ed to select the majority of patients for medical therapy and
the few for surgery. An orderly protocol employs historical
and clinical factors which are associated with a high risk
of malignancy, biochemical tests, a thyroid scintiliation scan
to differentiate hot and cold nodules, echography to define
simple cysts and to determine objectively the size and
changes in size of a nodule, the response to suppressive
therapy to identify nodules which may behave in an aggre-
ssive fashion, and needle biopsy in selected cases.

To prescribe any drug mentioned in
this article, the reader should consult
full prescribing information.
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