
For the 15% to 20% of nodules
yielding nondiagnostic results, reas­
piration is satisfactory in half. In the
remaining cases, ultrasound-guided
biopsy is often helpful in obtaining
an adequate specimen. In the event
that repeated aspirations remain non­
diagnostic, management is influenced
by factors such as the size of the
nodule, recurrence ofthe cyst, patient's
age, and the possibility ofclose follow­
up with rebiopsy. In our experience,
10% of nondiagnostic nodules are
potentially malignant and my prefer­
ence is surgical excision for nodules
remaining nondiagnostic on reaspir­
ation.

Multinodular gland. The manage­
ment of a multinodular gland (MNG)
is not much different from that for
solitary nodules. Although older
studies had suggested that the risk of
malignancy is less with MNG than
with solitary nodules, more recent
data21 indicate a cancer incidence of
5% to 10%. Palpation or imaging
studies cannot identifY a cancer-con­
taining nodule; therefore, we rely on
FNA biopsy and TSH determination
for proper management. Although it
is neither practical nor possible for all
nodules to undergo biopsy, I believe
reasonable efforts should be made to
perform a biopsy on dominant
nodules, enlarging nodules, or any
nodule suspicious for malignancy by
palpation or history.

If the FNA specimen is benign and
the TSH level is normal, I favor obser­
vation for small, nontoxic, benign,
asymptomatic goiters. If cytologic
results indicate a suspicious or malig­
nant process, thyroidectomy is sug­
gested. Symptomatic patients with
modest or large goiters are also re­
ferred for thyroid surgery. However,
in elderly patients in the absence of
local neck symptoms or TSH suppres­
sion, my choice generally is observa­
tion with medical follow-up.

Cost analysis. The cost-conscious
climate has significantly influenced
our management protocols. We con­
sider a plan effective that has low
cost, low rate of missed cancer, and
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the least number of operations for
benign disease.3 Our data show that
16% of our patients with thyroid
nodules who have FNA biopsy under­
go operation.16 These include patients
with malignant and suspicious results
and approximately 10% of patients
with benign cytologic results, in whom
surgery is performed because of
patient concern or physician recom­
mendation. Our cost analyses show
that FNA biopsy costs no more than
a radioisotope scan or an ultrasono­
gram but provides more direct, useful
information. Additionally, the plan
using FNA first is less expensive,
because fewer thyroid scans are per­
formed. The main impact of FNA
biopsy on cost is improved surgical
selection resulting in fewer thyroid­
ectomies for benign disease. In our
experience and those of other large
centers, FNA has lowered care costs
by 25%.14 At our institution, FNA has
decreased the number of thyroidecto­
mies by 25%, whereas the frequency
ofcarcinoma among surgical specimens
has increased from 14% to 39%.

In summary, thyroid FNA biopsy
is safe and reliable, with the capabil­
ity of establishing a definitive diag­
nosis in 70% of cases. The primary
purpose of FNA biopsy is to identify
the majority ofbenign nodules, avoid­
ing unnecessary operation. However,
as with any other diagnostic test,
FNA has certain limitations that
should be recognized and understood
by clinicians using the procedure.
Overall, the use of FNA biopsy has
significantly improved the care of
patients with thyroid nodules.

Imaging Procedures

Traditionally, the most widely used
screening procedure in the evaluation
of thyroid nodules was radioisotope
scanning.5,8,21 The two most commonly
used isotopes are of iodine (123I) and
technetium (99mTc). Nodules are
classified as hypofunctioning (cold),
hyperfunctioning (hot), or indetermin­
ate. The value of thyroid scanning is
identification of cold nodules because

they are more likely to be malignant
than functioning nodules. Approxi­
mately 80% to 85% of nodules are
cold, 10% are indeterminate, and 5%
are hot.4 The incidence of malignancy
in cold nodules varies from 5% to 15%.
Therefore, although most thyroid
nodules are cold, most cold lesions
are benign.

High-resolution ultrasonography
offers the most sensitive method for
visualizing the thyroid, parathyroid,
and cervical lymph nodes. Current
sonography equipment has a high
sensitivity for lesion detection, identi­
fying nodules as small as 2 to 3 mm.21

,26

The typical sonographic features of
benign and malignant thyroid lesions
have been identified. Typical benign
nodules have defined margins, hyper­
echogenicity compared with adjacent
tissue, and the presence of eggshell
calcifications peripherally. Features
suggesting malignancy include hypo­
echoic pattern with irregular margins
and microcalcifications, particularly
in papillary carcinoma.21 Also, current
sonography has shown that virtually
all cystic thyroid lesions have some
solid components, and that there is
no true "pure" cyst.21 Despite its high
sensitivity, current sonography can­
not reliably separate benign from
malignant thyroid nodules.

In recent years, the use of thyroid
imaging has shifted from nodule diag­
nosis to cancer management. Ultra­
sonography can detect early recurrent
cancer in the neck and readily identify
the number, size, and location of
cervical lymph nodes. Sonography is
sensitive and can identify malignant
nodes as small as 5 mm. FNA under
sonographic guidance can be used
for patients who have had a previous
nondiagnostic biopsy under direct pal­
pation or for patients with a history
of thyroid cancer with suspicious cer­
vicallymph nodes. Radioisotope scans
are useful to demonstrate a hyper­
functioning adenoma that is clinically
suspected because of a suppressed
serum TSH value, when the size and
extent of a goiter is important for
clinical management, or in postoper­
ative evaluation and in treatment of
patients with thyroid cancer.



Figure 3. A right thyroid nodule was discovered in a 42-year-old woman during a recent,
routine physical examination, The first test ordered by her primary care physician was a 99mTc
scan ($400) that showed the nodule to be cold (left), The next test was a thyroid ultrasonogram
($370) that showed the nodule to be mixed cystic-solid (middle), She was then referred to our
thyroid clinic for further evaluation and management, Fine-needle aspiration biopsy ($350)
showed a benign colloid nodule (right). Our suggestion was observation and follow-up palpation,
Biopsy should have been the first test ordered, obviating the inconvenience of three office visits,
two unnecessary tests, and the patient's prolonged uncertainty regarding her disease,

However, imaging procedures are
costly, and, when ordered indiscrim­
inately, not only will fail to provide
useful information but will add sig­
nificantly to the cost of care. This is
illustrated by the case presented in
Figure 3.

Suppressive Therapy

Because TSH was considered a stim­
ulator ofthyroid function and growth,
it seemed logical that administering
TSH-suppressive doses of thyroid
hormone would shrink or at least slow
the growth ofexisting nodules.8,21,22,27-29
Thyroid hormone suppressive thera­
py was popularized in the early 1950s
for diffuse goiters, sporadic nontoxic
goiters, and nodular goiters. In recent
years, synthetic preparations of T4
(LT4) have been administered almost
exclusively to suppress TSH to shrink
or arrest growth of thyroid nodules.
However, suppressive therapy re­
mains controversial, as seen by the
following points:

.. Pathogenesis of nodular disease
remains a mystery. TSH as well
as other growth factors are
important.

.. Previous studies of the efficacy
ofLT4 suppressive therapy have
suffered from methodologic flaws
including imprecise definition of
the nodule type, number, and
size; failure to document suppres­
sion of TSH; and uncontrolled
trials.

.. Several studies reported a 30%
to 50% incidence of spontaneous
decrease in nodule size or com­
plete disappearance even without
therapy.

.. Most previous studies did not
have cytologic or histologic char­
acterization ofthe treated nodules.
Morphologically, nodules are
heterogeneous: some are colloid,
some cellular, and others cystic.

.. Goiters are heterogeneous and
response should be expected to be
different in diffuse goiters com­
pared with iodine-deficient
goiters or nodular glands.

.. TSH suppression results in sub­
clinical hyperthyroidism, which
is associated with untoward
skeletal and cardiac effects.

In attempts to address some of
these issues, several groups30-S7 have
published results of randomized,
prospective, controlled trials of T4
suppression that examined solitary
nodules or multinodular glands
(Table 4). Only four studies were
placebo-controlled; study durations
ranged from 6 to 21 months. Most
studies used high-sensitivity TSH
assays to verifY suppression. Nodule
type was determined by FNA biopsy.
Sonography was commonly used to
record changes in nodule size. In
these eight studies, 246 received
LT4 and 209 served as controls. As
illustrated in Table 4, T4 treatment
produced no significant reduction
in nodule size compared with
controls in five studies; the reduction
recorded in the other three studies
varied from 31% to 58%. So far, most
evidence suggests that changes in
nodule size are similar in
suppressed and control groups.

The premise that T4 suppressive
therapy may be ineffective was re­
cently reviewed by Burch.22 When
available data were combined, <20%
of treated nodules showed regression.

He concluded that "it is difficult to
defend rationally the indiscriminate
use of suppressive therapy in all
patients with thyroid nodules." He
suggested a trial ofLT4 therapy in
some patients for 6 to 12 months,
keeping serum TSH concentration at
0.1 to 0.5 mIU/L, avoiding completely
suppressed levels. After this period,
LT4 was stopped, and the nodule was
assessed to be smaller or unchanged.
Other authors have offered different
protocols. Daniels8 suggested "suppres­
sive therapy in selected patients,"
preferring to observe older patients
and those with nodules <1.5 cm in
diameter. Cooper7suggested obser­
vation without therapy in postmeno­
pausal women, and in premenopausal
women or in men, a 1-year trial aim­
ing for a TSH level below 0.1 mIU/L.
Treatment is discontinued if the
nodule fails to respond; if the nodule
shrinks on treatment, the patient is
given the option of observation or
continued treatment, with target TSH
levels at the lower end of normaL

The evidence suggesting that most
colloid nodules do not regress with
LT4 suppression is further com­
pounded by the observation that
approximately 30% to 50% of solitary
nodules may decrease in size or even
disappear altogether without therapy.
In 1987, we reportedSO spontaneous,
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partial, or complete regression of un­
treated benign solitary thyroid nodules
in 60% of patients. In a recent study
by Kuma and colleagues,38 134
patients with cytologically benign
thyroid nodules were followed with­
out treatment for 9 to 11 years. Only
one case (0.7%) previously regarded
as benign turned out to be a papillary
carcinoma; other nodules remained
benign for the long duration offollow­
up. The most striking finding was a
spontaneous decrease in size of 13%
and complete disappearance of 30%
of single nodules. Although 23% of
single nodules increased in size, the
remaining 33% remained stable with
no change in size. Among glands with
multiple nodules, 29% decreased in
size and 14% disappeared completely.

Given these findings, should we
continue to use suppressive therapy?
Considering that the clinical value of
suppressive therapy remains highly
uncertain, that there is only a small
responsive subgroup not yet clearly
defined, and that there are potential
risks oftherapy, my colleagues and I
at the Mayo Clinic prefer to observe
rather than suppress cytologically
benign colloid nodules. Sonography
can be used to follow patients with
thyroid nodules and for assessment
of nodule size or appearance of new
nodules. However, routine use of son­
ography in continued patient care is
not recommended.
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Adverse Effects of
Suppressive Therapy

The major concern with T4 sup­
pressive therapy is bone mineral loss
and osteoporosis. Hyperthyroidism
has been known for years to increase
bone turnover, bone loss, and the risk
of fractures. Remarkably, however,
studies21,22,39 only recently have indi­
cated that T4 suppressive therapy
may have similar skeletal effects. It
has been pointed out that a major
factor in the association of osteopor­
osis and T4 treatment is the history
of previously treated hyperthyroidism.
The hyperthyroid state roughly cor­
responds to the daily ingestion of
600 Ilg LT4, which is approximately
5 times the average daily replacement
dose of 125 Ilg. The exact impact of
T4 suppression on the skeletal system
remains controversial. It appears that
in premenopausal women or in men,
bone loss is either minimal or absent.
Faber and Galloe39 published results
of a meta-analysis, including 441
measurements of bone mineral den­
sity in 239 patients, and concluded
that there was no statistically signif­
icant difference between T4-treated
and control groups. The data on post­
menopausal women are more convinc­
ing for bone loss. Several studies21,22,40,41
have found significant bone mineral

loss in postmenopausal women on
T4 suppressive doses. However, at
present, there are no convincing data
linking osteoporosis to an increased
fracture rate in women taking LT4.22

In a recent editorial, Wartofsky42
acknowledges potential worsening
of osteoporosis in postmenopausal
women receiving T4 therapy and
suggests TSH suppression should be
minimized and estrogen replacement
therapy, when not contraindicated,
should be started in postmenopausal
women who require LT4 therapy. It
recently has been shown that maxi­
mal suppression of serum thyroglob­
ulin in thyroid cancer patients is
attained when serum TSH levels are
brought into the normal range; raising
serum T4 levels into the hyperthyroid
range has no additional benefit. 43

Therefore, in suppressive therapy in
benign or malignant thyroid disease,
efforts should be made to lower serum
TSH to 0.4 mIUIL but not below that
level.

Another potentially important
complication of suppressive therapy
is cardiac effects. 44 Biondi et a1. 45

found increased heart rate and in­
creased supraventricular contractions.
Atrial fibrillation is a known conse­
quence of subclinical or clinical hyper­
thyroidism. Sawin and colleagues46

reported a threefold increased risk
of atrial fibrillation in the elderly
with suppressed TSH levels.



Special Considerations

Incidentalomas. The incidental thy­
roid nodule is an increasingly common
finding because imaging quality is
improving and the use of imaging is
increasing. Commonly, high-resolu­
tion ultrasonography of the neck for
parathyroid or carotid disease reveals
one or more unexpected thyroid
nodules. These "incidentalomas" are
impalpable and often smaller than 1.5
cm in diameter. Current estimates
suggest that at least 35% of healthy
women and 20% of healthy men aged
40 to 50 years have incidentalomas.26

The discovery of an incidentaloma
causes a management dilemma for
the physician. In a recent review,26
we found these nodules to be common,
small, often benign, and frequently
oflittle clinical significance. The dis­
parity between the relatively high
prevalence of incidentalomas in the
general population and the low fre­
quency ofthyroid malignancy supports
the belief that they have little clinical
significance and makes a conserva­
tive approach logical. Our approach
to nodules <1.5 cm-in the absence
of ionizing radiation exposure or son­
ographic features of malignancy-is
simple observation with follow-up
palpation. For nodules >1.5 cm, or
for those with sonographic features
suspicious for malignancy, ultrasound­
guided FNA biopsy is our next step.
Because occult papillary thyroid car­
cinomas are sometimes associated
with metastasis, the incidentaloma
cannot be ignored completely but
should be followed carefully. I do not
believe suppressive therapy has any
value in the follow-up of impalpable
nodules, although others disagree. 8

Thyroid nodules in children.
Thyroid nodules are less common in
children than in adults ffi'ld are more
likely to be malignantY FNA biopsy
has been used in some clinics to diag­
nose and manage pediatric thyroid
nodules. In a recent study ofthyroid
nodules in 47 children undergoing
FNA biopsY,47 we found that 66%

were benign, 15% malignant, 13%
nondiagnostic, and 6% suspicious for
malignancy. The frequency ofmalig­
nancy in children was much higher
than the 4% in the general population
at our institution. Single nodules are
found clinically in 0.2% to 1.2% of
children, and some authors have
suggested surgical removal of all
focal lesions. We regard FNA biopsy
as reliable and useful in children as
in adults, and it is our practice to per­
form FNA in the pediatric population,
with management dependent on cy­
tologic findings. Suppressive therapy
in children is even less attractive than
in adults because of problems with
compliance and long-term commit­
ment to treatment.

Irradiated thyroid. Exposure to
ionizing radiation is associated with
an increased incidence of benign and
malignant thyroid nodules. Lesions
may develop early (within 3 to 5 years
after radiation exposure) or late
(between 15 and 30 years after ex­
posure.)5,48 The clinical evaluation
and treatment of a patient with a
history of childhood neck irradiation
is controversial.49

DeGroot'8 reviewed the subject and
offered practical management guide­
lines. Suppressive therapy seems to
be oflittle value in preventing devel­
opment of nodules in patients with
previous radiation exposure;49 only
one studyoO suggested that it is help­
ful in preventing development of new
nodules after partial surgical resec­
tion of the irradiated thyroid. FNA
biopsy should be done in patients
with a palpable nodule, and if the
cytologic results are benign, either
continued observation or T4 therapy
seems reasonable. In patients with
multinodularity detected on either
physical examination or isotope scan,
surgical treatment is best.

Percutaneous ethanol injection.
Percutaneous ethanol injection ther­
apy with ultrasound guidance has
been used to treat hot, cold, and cystic
thyroid nodules. 21

,51 Several Italian
groups have found it effective with
minimal side effects. Most authors

have injected 3 to 50 mL (average,
16 mL) of 95% ethanol once or twice
weekly into the nodule with a 22- to
25-gauge needle during ultrasound
guidance. Some patients may require
repeated injections; this can be pain­
ful and is certainly inconvenient.
Transient complications have includ­
ed local pain, fever, and occasional
dysphonia. Preliminary reports sug­
gest reduction of nodule size without
thyroid function changes, but long­
term follow-up is not available. Al­
though these results are encouraging,
percutaneous ethanol injection should
be reserved for the rare patient who
is not a candidate for conventional
treatment. We await further studies
and long-term follow-up results before
offering more definitive recommen­
dations.

Summary and
Recommendations

Thyroid nodules are common and,
fortunately, mostly benign. During
the last decade we have seen chang­
ing concepts in nodule diagnosis and
improving management strategies.
Although it is unlikely that contro­
versies surrounding thyroid nodule
management will be resolved in the
near future, some progress has been
made in the past few years. FNA
biopsy has gradually but convincingly
become established as the most
accurate diagnostic test for thyroid
nodules. The preferred management
strategy is based on cytologic diagno­
sis, with surgical treatment for malig­
nant and suspicious lesions and medi­
cal treatment for benign nodules. An
FNA-based approach is also cost ef­
fective. We need to develop reliable
ways to identify benign follicular
lesions, avoiding unnecessary thyroid­
ectomy for most cytologically suspi­
cious nodules. A promising area in
this regard may be useful molecular
markers or TPO-positive cells. Rou­
tine application of thyroid imaging
(scan, ultrasonogram) in nodule
diagnosis should be discouraged.

continued
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Management ofthe biopsy-proven
benign nodule is controversial, but it
is my understanding that practice
has changed in the last decade and
currently most clinicians choose ob­
servation rather than suppression.
Noone doubts that an occasional
nodule shrinks with T4 therapy.
Neither is there any question that
some nodules shrink or even disap­
pear without therapy. The question
is whether benign nodules should be
treated at all, and, in view of recent
observations about the potential ad­
verse effects associated with subclin­
ical hyperthyroidism, is suppressive
therapy justified? In my opinion, it
is not.

Clinicians choosing T4 suppressive
therapy should keep in mind associ­
ated cardiac or skeletal problems and
be certain each patient has a clear
understanding of these before begin­
ning therapy. Treatment should be
avoided in patients whose pretreat­
ment serum TSH concentrations are
<1.0 mIU/L or in those with known
osteoporosis. In all patients, T4 doses
should be used to keep serum TSH
levels between 0.1 and 0.5 mIU/L.22

,27

This partial suppression, rather than
frankly undetectable TSH levels, is
probably sufficient for benign thyroid
disease and may minimize side effects.
In postmenopausal women and in
some premenopausal women with
high risks for osteoporosis, long-term
suppression therapy for either benign
or malignant thyroid disease should
routinely be accompanied by estrogen
therapy and occasionally bisphos­
phonates.

Incidentalomas are increasingly
detected lesions, usually with no
clinical significance. For the vast
majority of these, simple observation
is sufficient. Percutaneous ethanol
injection has been offered as a newer
alternative to surgery or suppressive
therapy for cystic, hot, and cold
nodules. We await further data to
assess its effects including adverse
effects.
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