








tially inhibits the conversion of thy­
roxine (T4) to triiodothyronine (T3),

3) treat with a beta blocker ifthe
patient does not have asthma, and
4) consider treating with steroids to
avoid adrenal exhaustion and also
decrease T4 to T3 conversion. Cooling
blankets are useful to treat hyper­
thermia. Aspirin should not be used
because it increases free thyroid
hormone levels. Although we prefer
in elective situations to use antithy­
roid medications to render patients
euthyroid prior to operations, many
surgeons use only beta blockers and
iodine for preoperative preparation.

Most patients requiring emergent
treatment can be controlled quickly
with N propranolol 0.5 to 1 mg prior
to or during the procedure to control
tachycardia and arrhythmias. For
hyperthyroid patients, the
antithyroid medications can be
discontinued postoperatively, but
propranolol should be continued for
several days in a poorly controlled
hyperthyroid patient because the
half-life of thyroid hormone is approx­
imately 1 week.

A complete blood count (CBC)
including platelet count is useful in
patients with Graves' disease requir­
ing emergent operation because
leukopenia and thrombocytopenia
associated with Graves' disease
could result in clinical problems.

Thyroidectomy. The technique of
thyroidectomy has improved
because of better technical training,
the use of magnification by the oper­
ating surgeon, better illumination,
and because of a better understand­
ing of the natural history ofvarious
thyroid cancers. We use operating
telescopes (2.5 to 3.5 x wide angle) to
help identifY parathyroid glands and
the recurrent and external laryngeal
nerves. In general, the surgeon
should remove the involved lobe or
most abnormal thyroid lobe first. The
reason for this is that when the sur­
geon is unhappy with the status of
the parathyroid glands or the recur­
rent laryngeal nerve on this side, a
lesser procedure can be done on the

opposite lobe. When the diagnosis
has not been substantiated by pre­
operative cytological examination, the
surgeon should look for lymph nodes
immediately adjacent to the thyroid
mass and in the cricothyroid junction
just above the isthmus (Delphian
nodes). Two general approaches are
advocated for thyroidectomy. One is
to identify the recurrent laryngeal
nerve lateral to the thyroid relatively
early during the operative procedure.
The process can be expedited by
retracting the thyroid anteriorly and
medially and retracting the carotid
sheath laterally. This maneuver
places the inferior thyroid artery
under tension, which places the recur­
rent laryngeal nerve also under ten­
sion. The recurrent laryngeal nerve
on the right runs in a more oblique
course in its route from around the
subclavian artery to the posterior
aspect ofthe cricothyroid muscle.76,79

On the left side, the recurrent nerve
runs a more medial and vertical
course from around the ligamentum
arteriosis to the cricothyroid muscle.
The second approach is to carefully
dissect along the capsule of the thy­
roid gland, never dividing any tissue
that could be the nerve. When using
this approach, the recurrent laryn­
geal nerve is identified at the level of
the cricoid cartilage and ligament of
Berry (posterior superior suspensory
ligament) where the recurrent nerve
enters the cricothyroid muscle. Al­
though the first technique is probab­
ly safer for the recurrent laryngeal
nerve, it puts the parathyroid glands
at increased risk because one divides
the tissues both lateral, and subse­
quently medial, to the parathyroid
glands. We therefore prefer the
second approach. Our incidence of
hypoparathyroidism and nerve injury
after total thyroidectomy is < 1%.22

We usually divide the superior
thyroid vessels relatively early during
the operative procedure because this
enhances the rest of the procedure
and helps in the identification of the
upper parathyroid gland and the
recurrent laryngeal nerve. The super­
ior thyroid artery and veins should

be ligated individually as low as possi­
ble on the thyroid gland to avoid
injury to the external laryngeal nerve.
This nerve also is called the "high
note nerve" or "Amelita Galla Curci
nerve." In 80% of patients, it runs on
the surface ofthe cricothyroid muscle.

In patients undergoing lobectomy,
the isthmus ofthe thyroid gland is
divided early. This is relatively easy
to accomplish by dividing the fascia
just cephalad to the thyroid over the
cricoid cartilage. In this area, one
should look for a pyramidal lobe and!
or Delphian lymph node(s). When
present, the pyramidal lobe should
be resected and the Delphian node(s),
if present, should be removed and
sent for frozen section examination.
The plane immediately anterior to
the trachea and posterior to the
isthmus of the thyroid is dissected
quickly, and the thyroid isthmus is
divided close to the contralateral
thyroid lobe. This procedure is done
to prevent recurrent cancer from
developing in the thyroid isthmus
necessitating tracheal resection; in
patients with benign lesions the pro­
cedure is done to avoid postoperative
compensatory thyroid hypertrophy
leading to notable swelling in the
mid central neck.

Once the superior pole vessels,
middle thyroid vein(s), and isthmus
are divided, the thyroid is rotated
medially and the tissues lateral to the
thyroid are dissected carefully from
the posterior surface of the thyroid
gland. Ifthe sternothyroid muscle
adheres to the underlying thyroid
tumor, it should be resected with the
tumor.

When mobilizing the tissues from
the thyroid laterally, one notes that
the lower parathyroid glands almost
always are situated anterior to the
recurrent laryngeal nerve, whereas
the upper parathyroid glands are
usually situated where the recurrent
laryngeal nerve enters the crico­
thyroid muscle at the level ofthe
cricoid cartilage. The parathyroid
glands should be dissected off the
thyroid gland on as broad a tissue
plane as possible so that a good
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which manifests tumor suppressor
gene inactivating activity.87 Circu­
lating oncogenes including SIS (which
codes for platelet derived growth
factor [PDGF] receptors) and p53
have been associated with anaplastic
thyroid cancers. Cytoplasmic onco­
genes may be relevant for thyroid
tumors including the nu oncogene,
which codes for an epidermal growth
factor (EGF).88 EGF also has been
shown to be expressed abnormally in
thyroid cancers.89,90 The presence of
ras oncogenes may be more charac­
teristic of follicular cancers.91 The
stimulatory G protein, gsp, has been
identified in follicular adenoma,
especially ''hot nodules," and in some
constitutively activated papillary
and follicular thyroid cancers.63,64,92,93
The TSH receptor oncogene also
recently has been demonstrated in
"hot nodules."94 Abnormalities in
signal transduction of the adenylate
cyclase and phospholipase C systems
in response to TSH occur in both
benign and malignant thyroid neo­
plasms.60,95 Thyroid tumors respond
to growth factors other than TSH
such as vasoactive intestinal polypep­
tide (VIP), EGF, insulin-like growth
factor (IGF), and other agonists that

K ras mutations in thyroid tumors of
patients who have been exposed to
radiation.8o,81 The high incidence of
cancer at autopsy-28% for Japanese
in Hawaii and 13% for caucasians in
Minnesota82,83-may be due to both
genetic and environmental factors.

A study by Ron et al.84 suggests
that thyroid cancer develops more
frequently in abnormal than in normal
thyroid tissue and supports the hy­
pothesis that "multiple genetic hits"
(similar to those occurring in colon
cancer), also may be responsible for
the development of various thyroid
cancers.85 Recently, investigators
have identified multiple oncogenes
including ras and gsp, both in benign
and malignant thyroid neoplasms of
follicular origin, the ret oncogene in
papillary thyroid cancers, and the
p53 tumor suppressor gene in ana­
plastic thyroid cancers and in several
follicular cancers that have become
cell lines (Table 3).61,62,65,86 The
presence of multiple oncogenes and
mutated tumor suppressor genes
appears to correlate with tumor aggres­
siveness in some but not all studies.62,64

Thyroid tumors have been induced
in mouse thyroid glands by stimulat­
ing the expression of SV40 antigen,

II Table 3

Although we currently separate
patients into high- and low-risk cate­
gories based on the age ofthe patient,
histological type and differentiation,
tumor stage, and its invasiveness in
the operating room, new methods
will allow better prediction of tumor
behavior. Studies should examine the
detection of specific oncogenes or com­
binations of oncogenes, the presence
of tumor suppressor genes, and the
identification of aberrant signal
transduction pathways. Ideally, data
should be available from analysis of
fine needle biopsy material. Selective
treatment then could be applied to
arrive at critical decisions about the
extent of thyroid and lymph node dis­
section, the ofuse postoperative radio­
iodine treatment, or, more rarely,
external radiation treatment.

Eliminating environmental risk
factors that increase thyroid cancer,
such as radiation exposure and iodine
deficiency, also should decrease the
incidence ofthyroid malignancies. Of
interest is the increased frequency of

vascular pedicle remains. When a
parathyroid gland cannot be
mobilized safely from the thyroid
gland it should be removed, and a
small portion biopsied to confirm
that it is parathyroid; the remainder
should be transplanted in 1 mm
pieces into separate pockets in the
sternocleidomastoid muscle.
(Separate pockets are used in case a
hematoma develops so that all pieces
are not lost.) Once the recurrent
laryngeal nerve and parathyroid
glands have been mobilized from the
thyroid, the thyroid lobe is dissected
quickly from the trachea. Small
bleeding sites on the trachea are
coagulated with the Bovie elec­
trocoagulation unit. When a total
thyroidectomy is done, a similar
approach is used for the opposite lobe,
but the isthmus, in general, is not
divided so that entire thyroid gland
can be removed at one time.

Thyroid Surgery-Future
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stimulate the adenylate cyclase, phos­
pholipase C, and tyrosine kinase
pathways.57,96 Alterations in these
pathways correlate with tumor
aggressiveness.57,59,89 Studies ofthe
mechanisms ofthyroid cellular
growth and differentiation of the
tumor clearly are important as are
studies of the factors responsible for
thyroid tumor invasion and
metastases.97

In the future, gene therapy98-101
and the use of agents designed to
block aberrant signal transduction
pathways may provide exciting
methods for treatment. The possibil­
ity of targeting certain tissues and
cells with retroviruses presents
another approach that has already
been demonstrated in the treatment
ofhepatomas.l0o Such advances in­
evitably will modify or replace
current surgical approaches to the
treatment ofthyroid neoplasms.

Conclusions

Public health programs to prevent
endemic goiter should continue to
result in a decrease in thyroidecto­
mies for nodular goiter and thyroid
cancer. Exposure to low-dose thera­
peutic radiation, formerly used to
treat patients for a variety of condi­
tions, has ceased. AB a consequence,
fewer thyroid cancers should develop.
Patients with familial thyroid tumors
will be diagnosed earlier and the treat­
ment of these patients by prophylactic
thyroidectomy, as done in patients
with C-cell hyperplasia, will prevent
death from thyroid cancer. Percu­
taneous needle biopsy will continue
to be used to select patients for thyroid­
ectomy, and new methods should be
developed to differentiate follicular
adenomas from follicular carcinomas
and Hiirthle cell adenomas from
Hiirthle cell carcinomas preoperatively.

The preoperative diagnosis of
cancer also should allow clinicians to
refer patients to surgeons who are
experienced in thyroid surgery so
that complications such as hypopar-

athyroidism or vocal cord paralysis
will be rare. Prospective studies are
needed to determine the therapeutic
impact of total thyroidectomy and
postoperative radioiodine therapy on
thyroid tumor recurrence rate and
survival. We believe that until such
studies are done, total or near total
thyroidectomy done by experienced
thyroid surgeons will result in fewer
recurrences and improved survival.
We also recommend treatment with
postoperative 131I therapy and TSH
suppression for all patients with thy­
roid cancer---except for minimally
invasive follicular thyroid cancers
and occult papillary thyroid cancers.
We believe that this treatment is the
safest and most efficient for well­
differentiated thyroid cancer. Follow­
up should include determination of
TSH (with sensitive TSH assays to
be certain that the patient is euthy­
roid), measurement ofthe serum
thyroglobulin level, and radioiodine
scanning.
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