


Limitations of Current Clinical and Noninvasive Laboratory
Aids

The clinical characteristics of a thyroid noduie that
increases the risk of malignancy have been reviewed
elsewhere!0 Of particular importance is the recognition of the
role of previous X-irradiation of the head and neck during
infancy and childhood? Although solitary nodules have an
increased risk for malignancy, it has been well established
that selection of such patients for operation on the basis of
physical examination alone without the benefit of laboratory
evaluation results in an unacceptably low yield of
malignancy detection!"

Biochemical blood tests are only of iimited help in
differential diagnosis. Thus, decreased or increased thyroid
hormone levels and depressed 31| thyroid uptake values,
which usually indicate a benign lesion, can also rarely occur
with thyroid malignancy2-14 Aiso, elevated thyroid antibody
titers would suggest that chronic thyroiditis does not exciude
coexisting malignancyt? Elevation of sedimentation rate,
WBC count, and a leftward shift of the differential suggest
that inflammatory lesions such as acute or subacute thyroidi-
tis, but also some thyroid malignancies, especially of the
anaplastic variety, can present as apparent inflammatory
lesions!?2 Serum thyroglobulin concentration, which was
originally anticipated to serve as a tumor marker for thyroid
malignancy, has also been shown to be elevated in a number
of benign conditions? Hence, with the exception of calcitonin
level, laboratory tests are of little specific diagnostic value in
the detection of thyroid malignancy. Conventional radio-
logic investigations are also of little specific diagnostic
help, although the fine stippling caused by psammoma
bodies are suggestive of malignancy, whereas coarse, dense
conglomerations are more suggestive of calcification in
benign degenerating adenomas or cystic lesions.

Perhaps the most widely used screening procedure in
the detection of thyroid malignancy is scintiscanning. It is
generally recognized that hypofunctioning (ccld) or
isofunctioning (cool or warm) nodules demonstrated by
radioactive iodine scintiscanning are at a greater risk for
malignancy than are hyperfunctioning (hot) nodules, which
are seldom malignant!® in our experience/¢ however, the
majority of hypofunctioning nodules selected for surgery are
predominantly benign lesions, with only a 13% to 20%
incidence of solid carcinoma, whereas 20% of such cold
nodules are simple benign cysts and 40% are solid benign

adenomatous lesions. The remaining nodules reflect a
heterogeneous group of nontumorous eticlogies. For this
reason, the yield of malignancy in lesions that are solitary on
palpation and hypofunctioning on scintiscanning is not
consistently high when selection for surgery is made on the
basis of these criteriall.16

Ultrasonography provides additional information with
respect to the physical properties of hypofunctioning thyroid
nodules. This technigue is within 80% accurate in indicating
whether or not such lesions are cystic, solid, or mixed {solid
and cystic) in their physical properties!”-1® The procedure is
simple, safe, noninvasive, and provides valuable diagnostic
information that is not available by palpation, scintiscan, or
roentgenograms. Approximately 20% of hypofunctioning
solitary nodules 1 to 4 cm in diameter are predominantly cys-
tic, whereas the remaining 80% are predominantly solid!7-1®
Less than 2% of predominantly smalf (less than 4 cm in dia-
meter) cystic thyroid nodules are malignant20.2' and can
therefore be initially treated conservatively by a needle aspir-
ation procedure. However, cystic degeneration of malignant
lesions may occur; in particular, it should be suspected in
those cystic or mixed lesions greater than 4 cm in diameter22.23
Thus, aithough ultrasonography can provide useful informa-
tion in smaller hypofunctioning cystic nodules, the tech-
nique cannot differentiate benign from malignant solid le-
sions!7-19

information about the underlying biologic nature of
hypofunctioning solid nodules has been sought by suppres-
sive therapy using either levothyroxine or liothyronine
{levotriiodothyronine) over a three- to six-month period24.25
Reduction in nodule size is generally interpreted to indicate
normal endocrine control compatible with benign hyper-
plasia, whereas failure to shrink is interpreted as suggesting
autonomous, unregulated growth characteristics of a benign
or malignant tumor. In our experience, however, the results of
thyroid hormone suppression therapy are frequently mis-
leading. Predominantly cystic lesions usually do not become
smaller on long-term thyroid hormone suppression. Occa-
sionally, a malignant nodule may appear to become smaller
because of the involution of normal paranodular tissue. On
the other hand, an increase in the size of the nodule does not
necessarily connote malignancy since this may occur in a
benign cystic lesion, which can be accurately diagnosed by
ultrasound and may be successfully treated by needle
aspiration. Lastly, it has been our experience that less than

Table 1
Comparison of Needie Biopsy Methods
Local Skin Carcinoma Carcinoma
Biopsy Method Anesthesia Incision Gauge Morbidity implant fMaterial Accuracy (%)
Vim-Silverman biopsy?26-29 Yes Yes 14-16 Most Yes More 80-80
Cutting needle (Tru-Cut)3® Yes No 15-18 Yes ? Yes 80-90
Large-needle aspiration?2s.3? Yes No 15-18 Yes ? Yes 80-90
Fine-needle aspiration22,30-39 No No 22-27 Least No Less 70-80




20% of hypofunctioning thyroid nodules show any signifi-
cant reduction in size with suppression therapy for periods of
three to six months, thereby leaving the physician without
direct information about the underlying pathologic nature
of the lesion.

invasive Percutaneous Needie Blopsy

Since none of the currently available techniques is
capable of preoperatively differentiating benign from malig-
nant hypofunctioning thyroid lesions in the vast majority of
nodules examined, substantial efforts have been made to
develop invasive percutaneous needle biopsy as a method
of providing more direct definitive diagnostic information
without subjecting the patient to surgery. Needle biopsy
procedures were introduced in the early 1950s both in North
America?6-29 and Scandinavia30-34 {nitially, the Vim-Silverman
14-gauge needle was used to obtain a core of tissue, and a
larger needle for aspiration or cutting was also introduced.
All of these methods require local anesthesia and introduce
such potentially severe procedural complications as punc-
ture of the trachea, local hemorrhage, and hematoma
formation as well as laryngeal nerve injury?® Tissue obtained
by percutaneous large-needie biopsy techniques is pro-
cessed according to standard histologic fixation and
staining methods to produce conventional paraffin sections.
As an alternative method for cytologic analysis, the fine-
needle aspiration biopsy technique was developed by
Scandinavian and European investigators30-38 Aspirations
through fine-gauge (22- to 27-gauge) needlies were used to
provide random cytologic material instead of a core of
tissue. The smaller needles served to dramatically eliminate
the possible acute compiications associated with the larger
cutting and aspiration needie biopsy technique. The various
technical procedures empioyed are summarized in Table 1,
and their advantages and disadvantages are compared in
Tables 1 and 2.

The fine-needle aspiration technique has been evaluated
at our center16,.22,23 g5 well as by other investigators30-39 Be-
cause of its potential importance, this technique will be
discussed in detail. The procedure is readily performed onan

outpatient basis. The patient is placed in a supine position
with the neck extended. After sterilization of the skin, but
usually without local anesthesia, a 22- to 27-gauge needie is
fitted to a 10-mi disposable syringe with a nozzle tip. We have
used manual aspiration, but others have used a special
vacuum suction instrument. To correctly iocalize the site of
the needle aspiration, ultrasonic guidance has been used in
some centers* but is generally not routinely employed in
others_22,23,30-33,35~39

After several aspirations, the syringe is removed and the
contents of the needie track flushed onto a slide that is
smeared as for a routine blood film. This is immediately fixed
in the wet state. In our center, fixation has been achieved
using polyethylene glycols isopropanol and propellants. The
slide is then stained by a modified Papanicolacu method.
Other investigators have used alcohol fixation of the wet
smear or air-dried smears have been stained by May-Grin-
wald-Giemsa methods30-33,35-37

Using our previously reported techniques]é.22,23 yseful
information of the cytologic appearances of nodules has
been obtained. Figure 1 shows the well-spaced-out appear-
ance of uniform cells of a follicular adenoma. This is easily
distinguished from the architecture of papillary carcinoma
shown in Figure 2 in which frank papillary projections are
seen. In addition, individual cytologic criteria of malignancy,
based on nuclear irregularity, pleomorphism, etc, can be
noted. Abundant colloid and scanty benign epithelium usu-
ally indicates a colloid nodule. Some follicular carcinomas,
poorly differentiated cellularly and histologically, can be
diagnosed from the degree of cytologic atypia and the devia-
tion from the regular cytologic architecture typical of benign
adenomas. Nevertheless, it should be emphasized that cer-
tain differentiated follicular carcinomas can be diagnosed
histologically only by the finding of vascular, lymphatic, or
capsular invasion. In these instances, cytologic methods
may not permit a distinction between benign and malignant
follicular lesions22.23 On the other hand, the cytologic ap-
proach, as used with the fine-needle aspiration technique,
can also identify certain characteristic changes found in Hiirthle
cell adenomas, Hashimoto's thyroiditis, and medullary carci-

Table 2
Advaniages of Needle Biopsy Methods

Large-Needle or
Cutling-Needie Biopsy

Fine-Needie Aspiration Biopsy

Core of tissue available
for histologic analysis
Possibly greater accuracy
in lesion identification

Provides cytologic

information

No local anesthesia or

skin incision required

No apparent cancer

implant risk

Less morbidity and

well tolerated

Simple and repeatable




Figure 1
Follicular adenoma. Note uniform bland nuclei with fine chromatin and even
spacing of cells with overlap (Papanicolaou’s stain, enlarged from X250}.

noma. The latter is characterized by round and spindle-
shaped cells of varying sizes; their extraceilular material
stained positively for amyloidss.37

When a cystic lesion is suspected, a larger, 18- to 22-
gauge needle is used for aspiration. The evacuated cyst fiuid
is observed for color and placed in a heparinized tube that is
immediately sent for cytologic examination of the smears
from the centrifuged sediment. Clear, coloriess fiuid with a
low protein content and a high parathyroid hormone content
is diagnostic of a parathyroid cyst,40-43 whereas other cyst
fluid colors associated with higher thyroid hormone and
protein content are compatible with a thyroidal origin for the
cyst fluids+2.43

The relative safety of the fine-needle aspiration biopsy
technique has already been stressed. Early reports cf needle
track implantation of cancer in two patients having a larger-
needle biopsy technique using the percutaneous Vim-
Silverman needie?8.2? raised considerable apprehension
regarding the possibility that thyroid needle biopsy in
general might predispose to tumor implantation. However,
the increasing clinical application of the needle biopsy
technique has largely dispelled this fear. it has been shown
that cancer implantation is an extremely rare complication34
Under most circumstances, the needie track will be removed
at surgery for the malignancy. Also, the recent large-scale
intrcduction of fine-needle aspiration biopsy has yet to result
in any reports of significant morbidity or cancer implantation
in the needle track30-39 In fact, experimental studies with
rabbits, using a 23-gauge needle puncture of transplanted
carcinomatous lymph nodes, resulted in no evidence of

¥

Figure 2

Well-differentiated papillary carcinoma. Note obvious papillary architecture
with overlap of relatively small cells that, in themseives, have bland-looking
nuclei as seen at periphery of larger papillary formation (Papanicolaou's stain,
enlarged from X250).

tumor dissemination# Moreover, studies on patientis with
renal and prostatic carcinoma who had undergone needle
biopsy showed no difference in their five-year survival from
patients who did not have this procedure34

Diagnosilc Accuracy of Needle Biopsy

With a large-gauge (Vim-Silverman) needle biopsy
technigue, several groups have reported as high as a 90%
correct preoperative diagnosis with 80% of the specimens
being considered adeguate for interpretation28.29 Special
difficulty was encountered in diiferentiating follicular
carcinoma from an embryonal benign adenoma as well as
lymphomas from lymphocytic thyroiditis29

The fine-needie biopsy yields a correct diagnosis of
malignancy and adequate specimens in the majority of
patients22,23,30-39 |n our most recent experience among 138
cases with surgical follow-up4® adequate material has been
obtained in 93% of the patients referred to surgery. The
cverall accuracy in differentiating benign from malignant
lesions within the entire population studied was 82%, 6.5%
being false-negative reports and 1.4% false-positive. Of the
28 cases of confirmed carcinoma, a correct preoperative
cytologic diagnosis for malignancy was obtained in 20 {71%).
Malignancy was most often correctly diagnosed for papillary
{13 of 14) and metastatic (three of three) carcinoma, but was
less accurate for well-differentiated follicular carcinoma
{three of eight). With well-ditferentiated follicular carcinoma,
the criteria of capsular, lymphatic, and vascular invasion are
critical to the diagnosis and clearly are not available in any
biopsy preparation. Among 57 follicular adenomas



examined, six were considered to have weli-differentiated
follicular or occult carcinoma (10%). Two false-positive
diagnoses (1.4%) were made in degenerative adenomatous
lesions with pseudopapillary and sguamous metaplasia
histology. Among three cystic or mixed lesions larger than 4
cm in diameter, two false-negative diagnoses were made
because cf the unavailability of cytologic materialsinthe cyst
fluid. Additional confirmative reports on the accuracy of the
fine needle and its usefulness in the management of the
nodular goiter has recently appeared from other groups in
North America3?-38

Limitations in the needle biopsy technigue should be
stressed. Any biopsy procedure is a random sample of a
nodule and may not yield representative or adequate tissue
to the cytologist for a definitive diagnosis. The larger-needle
biopsy techniques, such as those employing the Vim-Silver-
man or Tru-Cut needle, provide a core of tissue. Even this is
not always representative of the ilesicn examined. Admittedly,
fine-needie biopsy may be slightly less accurate than the
larger-needle biopsy technique—a trade-off that may be
accepted in view of its lower morbidity and higher patient
tolerance for repeated testing on subsequent office visits. As
indicated above, interpretative errors may occur even in the
presence of representative tissue in diagnosing well-
differentiated follicutar carcinoma or lymphoma. Moreover,
an occult focus of thyroid carcinoma cannot be detected,
although this may not be important in view of the uncertain
clinical significance of such lesions. Lastly, thyroidal iesions
that are less than 1 cm in diameter, as well as those which
have a posterior or retrosternal location, may be inaccessible
to biopsy, although ultrasonically guided percutaneous
biopsy may be of some assistance in such problems34

Despite these limitations, when appropriate cytologic
examination techniques are available, the procedure appears
to be of definite value in the assessment of the majority of
suspected hypofunctioning thyroid nodules. Also, fine-
needle biopsy is safe, well tolerated by the patient, and
provides a substantially higher degree of specific diagnostic
information as compared with currently available conven-
tional clinical and laboratory tests that have been applied to
the preoperative diagnosis of thyroid nodules. Moreover,
given the inherent morbidity and expense of a diagnostic
surgical procedure, it can be easily justified on the basis of a
cost-benefit analysis that the routine use of the fine-needie
biopsy as a routine diagnostic screening test is justified. Cn
the basis of our experience?2.23.43 and that of others?? it is
anticipated that the incorporation of needle biopsy into the
routine assessment and management of nodular goiter will
assist in avoiding unnecessary operations among patients
with benign lesions while selecting with increasing accuracy
those with overt or highly suspect malignancy.

An Approach to the Management of the Hypofunciioning
Thyroid Nodule

isotope scintiscan using radioisotope-labeled iodine or
sodium pertechnetate Tc 99m is used as the initial screening
procedure in patients with thyroid nodules. Those patients

with hyperfunctioning nodules are excluded from any further
consideration regarding the concern for malignancy.
However, approximately 75% of solitary nodules have been
observed to be hypofunctioning or isofunctioning, and
additionai studies are undertaken in such patients using B-
mode or Gray-scale ultrasonography as well as needle
aspiration techniques (Fig. 3). Approximately 20% of the
hypofunctioning nodules will be shown to be predominantly
cystic by ultrascnography. Such patients will be subjected
initially to a large-needie aspiration office procedurel”?
Aspirate color is noted and may be sent for appropriate
chemical and hormonal analyses40-43 as well as cytologic
examination of the centrifuged sediment to determine the
possibility of malignancy22.238 Patients may then be given
long-term thyroid hormone suppression therapy. Recur-
rences of benign cystic lesions can be treated conservatively
by repeated needle aspiration of cystic fluid. It should be
noted, however, that cystic lesions with blood content or
those that have a rapid rate of recurrence, particularly when
they are larger than 4 cm in diameter, may have a higher
probability of malignancy2?2.23 After an initial period of
conservative management, recurrent cystic lesions may
require surgical excision. Lesions less than 3 cm in diameter
that are predominantly cystic may have less than a 2%
chance of malignancy29.21 Hence, cystic lesions less than 3
cm in diameter may be managed conservatively, especially if
there is no evidence of excessive cellularity or nuclear atypia
in the cyst fluid.

Hypofunctioning thyroid nodules that are solid by ultra-
sonography have approximately a 20% incidence of malig-
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Figure 3

Schematic diagram of practical approach to assessment and management of

“cool” or “cold” (hypofunctioning) or “warm” (isofunctioning) solitary thyroid

nodule using sequential scintiscan, ultrasound, and fine-needle aspiration
biopsy investigational aids. {Reproduced with permission from Walfish et al?6)



nancy!7-18 it is our practice to perform routine fine-needle
aspiration biopsy on such lesions, especially if there are no
strong clinical indications for surgical excision. if the cytol-
ogic examination identifies frankly malignant disease or is
highly suspect because of atypical cells or marked cellularity,
surgical excision is advised in the absence of specific medi-
cal contraindications. We have also referred Hirthie cell ade-
nomas for surgical excision because of the known greater
aggressiveness of Hdrthle cell carcinomas. Lesions con-
sidered to be benign because of scanty epithelium, iow
degree of cellularity, abundant colloid, or frank degenerative
changes may aiso be treated with long-term thyroid hormone
suppression therapy and managed conservatively. Such pa-
tients will be evaluated at four- to six-month intervals. When
there is an increase in the size of any nodule that has been
managed conservatively, we recommend a repeated ultra-
sound study to rule out the deveiopment of cystic degenera-
tion and arepeated fine-needie aspirationto assess the cytol-
ogic appearance of the lesions. A previously diagnosed
colloid nodule that on repeated cytologic study shows an
increase in epithelial celiularity or atypia woulid then also be
considered for surgical excision.

For practitioners who operate in centers that do not have
ultrasound facilities readily available to provide an objective
record of the size of the lesion and to demonstrate the
underlying physical characteristics of a hypofunctioning
nodule, a needle aspiration biopsy with a 18- to 22-gauge
needle can provide direct diagnostic information regarding
the physical characteristics of the lesion while also providing
possible cytologic information. Because of the known
hypercellularity and nuclear atypia occurring in hyperfunc-
tioning (hot) nodules that can sometimes lead to the false
concern for malignancy, we have been reluctant to
recommend a routine needle biopsy on all solitary nodules
without first obtaining a scintiscan to determine whether it s,
in fact, hypofunctioning.

In our center, needle biopsy has been applied as a useful
adjunct in the assessment and management of hypofunc-
tioning thyroid nodules. Accurate information has been
obtained in the majority of patients. However, it should be
emphasized that the results of needle biopsy do not
substitute for a careful clinical appraisal of each patient to
assess their risks for malignancy. In particular, when there are
present such clinical features as a history of X-irradiation in
infancy and childhood, recent change in size of a solid
nodute, or a recurring and hemorrhagic cystic or mixed nod-
ule greater than 4 cm in diameter, such patients with negative
bicpsy resuits for cancer should be considered for surgical
excision.
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