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Preface 
This book was written in an attempt to provide answers to practical clinical 
questions about thyroid function and disease and, at the same time, to provide 
a pathophysiologic basis for these answers. Of the involved medical specialties, 
there is perhaps a closer tie between the understanding of the physiologic 
mechanisms and clinical disease in the thyroid, in particular, and in endocri
nology, in general. Thyroid Function and Disease attempts to highlight this 
relationship. 

Although books in which each chapter is written by a different expert are 
comprehensive, they often suffer from fragmentation and lack of cohesiveness. 
The realization that the interests of these three coauthors spanned the major 
areas of the thyroid provided the possibility of cohesiveness as well as compre
hensiveness. 

This perception was reinforced by extensive discussions as to how material 
should be presented and where it should be placed in the book. All the 
illustrations were done by a single individual to reinforce commonality. 

With the advent of the new biology, cellular and molecular, there is a 
revolution in our understanding of thyroid function and disease. No book can 
be completely up-to-date; however, we have attempted to give the reader a 
foundation that would allow these revolutionary scientific advances to fit into 
an overall picture of thyroid function and disease. 



PART I DEVELOPMENT ΟΓ THE THYROID 

CLINICAL 
EVALUATION 

1 
Histogenesis, 
Histology, Gross 
Anatomy, Physical 
Examination, and 
Imaging of the 
Human Thyroid 
Gland 

ROBERT VOLPE 

The word thyroid derives etymologically from 
the Greek word thyreos, meaning oblong 
shield. The German word for the thyroid 
gland—Schilddrüse, similarly, means shield 
gland. Actually, this term is not quite appro
priate, because the thyroid gland does not 
resemble an actual shield; indeed, it is a bilo-
bar organ, but is so named because of its close 
proximity to the thyroid cartilage, which does 
have the appearance of a Greek shield.6 

HISTOGENESIS OF THE THYROID 

The thyroid gland begins to show colloid for
mation at about 7 weeks of gestation.16 How
ever, it is not until about 5 weeks later that 
follicles develop with increasing storage of 
colloid. Thyroid function, however, may be 
observed as early as the 29th day of gestation 
at a time when the thyroid gland is a simple 
cell mass attached to the buccal floor.4 Immu-
noreactive thyroglobulin synthesis is well es
tablished by that time, long before the onset 
of colloid formation or development of mech
anisms of trapping and organic binding of 
iodide, which occur at about the 10th or 11th 
week.17 Colloid may be formed by iodination 
of thyroglobulin, which appears in intracellular 
canaliculi (part of the smooth endoplasmic 
reticulum), preceding colloid formation by 
many weeks, whereas colloid formation and 
protein iodination appear to occur concur
rently. The stimulus to thyroglobulin synthesis 
does not depend on thyroid-stimulating hor
mone (TSH), which is not detected until about 
the 13th week. 

The human fetal gland manifests a full spec
trum of organically bound iodinated products, 
including thyroxine by about the 10th week of 
gestation.18 By the time the thyroid follicle is 
able to accumulate colloid, the gland com
mences trapping iodide, binds it to tyrosine, 
and begins to form iodothyronines, thyroxine, 
and triiodothyronine. Thyroxine may first be 
demonstrated within the thyroid itself and 
shortly thereafter within the serum by the 11th 
week.5 

HISTOLOGY OF THE THYROID 

The thyroid gland contains two types of cells, 
namely, follicular cells and parafollicular cells 
(C cells or light cells). The parafollicular cells 
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2 CLINICAL EVALUATION 

constitute only a small proportion of the total 
cell population. 

The apex of the follicular cell is directed 
toward the lumen of the follicle with the base 
directed toward a basement membrane. These 
cells have a somewhat variable height, and this 
height will differ further depending upon the 
activity of the gland and iodine intake.8 The 
cytoplasm of the follicular cell contains a va
riety of inclusions, the most prominent of 
which are intracellular colloid droplets up to 2 
microns in diameter.9 10 The colloid within 
these droplets appears similar to the colloid 
within the central lumen of the follicles. The 
nuclei are usually located in the basal region 
of the cell. The cells are arranged in follicular 
form with the central lumen's containing col
loid. Follicles are in turn arranged in aggre
gates, each surrounded by an extensive net
work of blood vessels, connective tissue cells 
and fibers, plasma cells, mast cells, and some 
ganglion cells. Aggregates of follicles form 
lobules of various sizes.8 

In the normal adult, mitoses in follicular 
cells are infrequent. In studies with the elec
tron microscope, the apical surface of the 
follicular cell is observed to have microvilli 
that extend into the central lumen of the 
follicle. Invaginations of these microvilli entrap 
colloid within the cytoplasm, by a process of 
pinocytosis, to form colloid droplets (see sub
sequent discussion).6 The follicular cells are 
separated from each other by a cell membrane 
with the usual junctional complexes. The base
ment membrane on the basal surface helps to 
separate the follicles from each other and in 
turn is separated from the cell membrane 
proper. The basement membrane consists of a 
relatively homogeneous material, which has 
not as yet been fully characterized. The cyto-
plasmic inclusions that can be observed clearly 
on electron microscopic studies consist of ves
icles adjacent to the apex, which correspond 
to the colloid droplets. There is also a variety 
of electron-dense bodies of various sizes and 
shapes, which are presumably lysosomal in 
nature. These ultimately join with the colloid 
droplets to form a "derived lysosome," which 
then digests the ingested colloid so as to permit 
ultimate release of thyroid hormone at the 
base. The thyroid follicular cells also contain 
extensive rough endoplasmic reticulum in the 
cytoplasm. There are scattered mitochondria 
as well as a well-developed Golgi apparatus 
located proximally to the nucleus, consisting 

of saccules, coated vesicles, and some apical 
vesicles.6 

EFFECTS OF TSH 

In follicular cells, following the administration 
of TSH, intracellular droplets (phagosomes) 
increase sharply and represent ingested lu
minal colloid. Some of these fuse with lyso-
somes, forming structures called phagolyso-
somes.20 The apical portion of the follicular 
cell develops cytoplasmic processes (stream
ers) following TSH injection, and these fuse 
around portions of the follicular colloid, 
thereby leading to their endocytotic uptake 
into the cell, where they form the aforemen
tioned colloid droplets. TSH administration 
will also lead to a change in the shape of the 
follicular cell from a cuboidal to that of a tall 
columnar shape. Mitoses will become evident, 
and increased numbers of cells will infold into 
the lumen of the follicles. The luminal colloid 
will be absorbed, and there will be a great 
increase in stromal vascularity.6 

THE PARAFOLLICULAR CELL 

There is a second type of thyroid cell within 
the human thyroid, namely, the parafollicular 
cell (C or light cell) that produces calcitonin.21 

Through the basal cell of the follicle these oval 
or ellipsoid cells come into contact with the 
basal follicular membrane. Their apical poles 
are directed toward the follicular lumen but 
are separated from it by a thin sheet of follic
ular parenchymatous cells. On electron micro
scopic examination, mitochondria are seen to 
be more numerous in the light cells than in the 
adjacent follicular cells. Moreover, the admin
istration of calcium results in degranulation of 
the cytoplasm. Finally, the light cell has a 
much higher activity of alpha-glycerophos-
phate dehydrogenase.1112 

GROSS ANATOMY OF THE 
THYROID GLAND 
The physician should understand the anatomy 
of the thyroid gland, because goiter is a com
mon condition. (The embryonic development 
of the thyroid and its relationship to hypotha-
lamic and pituitary development will be dealt 
with elsewhere in this text.) In the average 
North American adult, the normal thyroid 
gland weighs approximately 18 to 20 gm.2 



THE HUMAN THYROID GLAND 

Encapsulated in fibrous tissue, it is held around 
the anterior and lateral aspects of the trachea 
by loose connective tissue. The lateral lobes 
on each side of the trachea are connected by 
a thin band of thyroid tissue, the isthmus. The 
isthmus lies just below the cricoid cartilage, 
and a pyramidal lobe occasionally extends su
periorly from the isthmus. The isthmus overlies 
the second and third cartilaginous rings of the 
trachea. The carotid sheath and sternocleido-
mastoid muscles lie bilaterally, and the infra-
hyoid muscles lie anteriorly. Generally, there 
are two pairs of parathyroid glands under the 
posterior surfaces of the lateral lobes. The 
recurrent laryngeal nerves lie in grooves be
tween the trachea and the lateral lobes of the 
thyroid gland (Fig. 1-1). 

Normal variations in shape, size, position, 
and configuration of the thyroid are numerous. 
A prominent isthmus or pyramidal lobe may 
be evident, one lobe may be absent, or one 
lobe may be considerably larger than the other. 
Lobulations of the gland may be evident, re
sembling nodules. A median ectopie thyroid 
may be encountered and mistaken for lymph 
nodes. 

The arterial supply of the thyroid is primarily 
from the superior and inferior thyroid arteries 
(Fig. 1-2). The superior thyroid arteries derive 
from the external carotid arteries, and the 

Figure 1-1. Anatomy and arterial blood supply of the 
thyroid gland. 

Figure 1—2. Anatomy of the venous supply of the thyroid 
gland. 

inferior thyroid arteries are branches of the 
subclavian arteries. The right lobe of the thy
roid gland has a richer blood supply than the 
left, is often larger, and more frequently de
velops nodules. There is collateral circulation 
from small perforating branches along the tra
chea. 

The thyroid veins, which afford drainage 
from the thyroid gland, vary greatly in size, 
numbers, and location. These veins may be 
massively distended when there is occlusion of 
venous return at the thoracic inlet. The varia
tion in pattern and location and the dilatation 
that may occur as a result of large intrathoracic 
goiters may create some difficulties during thy-
roidectomy. 

The thyroid is rich in lymphatic capillaries 
that encircle the thyroid follicles and are ad
jacent to the parafollicular cells (Fig. 1-3). 
The collecting trunks are adjacent to the cap-
sular veins and follow these along the lines of 
venous drainage. The regional nodes of the 
thyroid gland comprise the internal jugular 
vein from the subdigastric group; the pretra-
cheal, paratracheal, prelaryngeal, and recur-



Figure 1-3. Lymphatic drainage of the thyroid gland. 

rent laryngeal nerve chains; and the retropha-
ryngeal and retroesophageal groups. The 
anterior superior mediastinal nodes may also 
become involved when retrograde or collateral 
lymphatic flow occurs.2 

The thyroid gland receives its nerve supply 
from both adrenergic and cholinergic nervous 
systems, the former arising from the cervical 
ganglia and the latter from the vagus nerve. 
These nerves that control arterial and venous 
flow were thought to exert only neural influ
ence on thyroid gland function. However, it 
has been shown that adrenergic influences can 
affect the thyroid parenchymal cells directly. 

Thus, the nerves to be considered include 
the vagus nerve, the recurrent laryngeal nerve, 
the superior laryngeal nerve, the cervical sym
pathetic nerves, and the ansahypoglossal 
nerve. 

The vagus nerve descends deep to the inter
nal carotid artery, continuing between the 
common carotid artery and internal jugular 
vein, passing in front of the subclavian artery. 
The right vagus nerve gives rise to the right 
recurrent laryngeal nerve, which then passes 
behind the subclavian artery and reaches the 
region of the thyroid via the thoracic inlet. 
The left vagus nerve gives rise to the left 
recurrent laryngeal nerve at the aortic arch, 
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and it then ascends along the trachea to the 
region of the thyroid. 

The recurrent laryngeal nerves that are both 
motor and sensory supply the trachea and 
subglottic region of the larynx. Each recurrent 
laryngeal nerve passes deep to the respective 
thyroid lobe, passing in front or behind the 
inferior thyroid artery or its branches. They 
then give off sensory branches to the trachea 
and motor branches to the abductor and ad
ductor muscles of the larynx. 

The superior laryngeal nerve arises from the 
inferior ganglion of the vagus nerve, then 
running medially behind the internal carotid 
artery, where it divides into an external and 
an internal branch. The external branch con
tinues in a caudad direction, medial to the 
superior thyroid artery, to provide terminal 
motor branches to the cricothyroid and inter
nal constrictor muscles.2 

The cervical sympathetic chain is situated 
deep to the common carotid artery. Occasion
ally, with met astatic thyroid carcinoma, this 
chain may be directly invaded by involved 
lymph nodes, resulting in Horner's syndrome. 

THE PARATHYROID GLANDS 

There are usually four parathyroid glands, 
although occasionally larger numbers may be 
found. These glands are small, light brown, 
soft, and measure approximately 5 x 3 x 3 mm. 
The upper pair are usually located behind the 
upper and middle third of either lobe of the 
thyroid gland, often just lateral to the recur
rent laryngeal nerve where it enters the larynx. 
The upper pair are usually supplied by a small 
branch of the inferior thyroid artery. The two 
lower parathyroid glands may be intrathy-
roidal, intracapsular, or behind the lower pole 
of the thyroid gland. They also may be situated 
elsewhere, such as in the anterior mediastinum 
or within the thymus gland. 

ANOMALOUS ANATOMY 

Development of the thyroid gland is consid
ered elsewhere, and only brief mention is made 
here of anomalous anatomic variants that may 
be encountered. These include, most com
monly, development of a pyramidal lobe or 
tract. More uncommonly, thyroglossal duct 
cysts, lingual thyroids, and lateral aberrant 
thyroid rests may be observed (Fig. 1-4). 
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Figure 1-4. Aberrant and normal locations of thyroid 
tissue. 

Lingual Thyroid (Figure 1—5) 
A lingual thyroid occurs when there is no 
primary contact of the median thyroid, in its 
process of separating from its place of origin 
in the floor of the embryonic pharynx, with 
the endothelial tubes of the embryonic heart. 
Without this contact, the thyroid retains its 
primitive position and then differentiates as a 
lingual thyroid.14 

The lingual thyroid is located in the area of 
the foramen cecum. It is in a superficial posi
tion and does not extend to involve the muscle 
of the tongue. A lingual thyroid may be a very 
small amount of functioning tissue and, when 
present as the sole representative of function
ing thyroid tissue, often has the size and ap
pearance of a raspberry.2 These lingual thy
roids may enlarge further and can cause local 
obstructive symptoms, including dysphagia, 
airway obstruction, and speech impairment. 
Neoplasia in lingual thyroids has been ob
served more commonly than chance alone 
would dictate, undoubtedly due to the ectopie 
nature of the tissue and to the increased TSH 
stimulation that often occurs because the thy
roid tissue itself may be somewhat inadequate 
in amount. 

Certainly removal of a lingual thyroid sur
gically in the absence of a normally situated 
thyroid will result in hypothyroidism. In com-
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parison, if initiated early, thyroxine therapy 
will cause the lingual thyroid to regress.2 

Lingual thyroids can be well demonstrated 
by means of thyroid scanning when the scanner 
is placed in an appropriate position to pick up 
the activity at the base of the tongue. 

In a patient who also has a normal thyroid 
in addition to lingual thyroid tissue, removal 
of the normal thyroid tissue by surgery will 
result in some enhancement of the activity of 
the lingual thyroid, also demonstrable by scan
ning. 

Median and Lateral Aberrant 
Thyroid Rests 
The median thyroid rests are located along the 
course of the developing thyroid.2 These rests 
of thyroid tissue may be solitary or multiple 
and may occur along with a normal thyroid in 
its usual position. Alternatively, they may rep
resent the only functioning thyroid tissue pres
ent. In the last instance, the amount of thyroid 
tissue may be either sufficient to maintain a 
patient in a euthyroid state or inadequate for 
this purpose. As with the aforementioned lin
gual thyroid, there is a tendency for tumor 
development. 

Thyroid rests may also be found closely 
related to the hyoid bone and are most often 
evident with thyroid scanning after surgical 
removal of a normally placed thyroid gland. 
These rests may be associated with a thyro
glossal duct cyst or with a pyramidal lobe 
placed just inferiorly to the rest. 

A thyroglossal duct cyst may occur in the 
presence or absence of a normal thyroid gland. 
Indeed, about 60% of patients with thyroglos
sal duct cysts have thyroid glands in the normal 
position. Thyroglossal duct cysts are positioned 
in the mid-line and may discharge cyst fluid 
intermittently. 

The pyramidal lobe is the most common 
thyroid rest and actually occurs in 23 to 68% 
of patients. It is most often readily demon
strated following removal of the thyroid gland 
itself. 

Cancer of the thyroid is much more common 
in these various rests than in normal thyroid 
tissue. Carcinoma of the thyroid is discussed 
in a separate chapter in this text, and the 
clinician should be aware that the demonstra
tion of thyroid rests carries with it the possi
bility of thyroid malignancy.2 

Lateral aberrant thyroid rests are rare. 
There has been some confusion between such 
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Figure 1—5. A The position and appearance of the lingual thyroid as a fleshy mass at the base of the tongue, 
approximately the size of a raspberry. B, A scintiscan of the lingual thyroid is shown, in which all of the functioning 
tissue is situated in the same position as in A 

rests and the presence of lymph node métas
tases from follicular thyroid carcinoma. Thus, 
most so-called lateral aberrant thyroids are 
actually métastases from the thyroid gland 
proper. However, a few lateral aberrant thy
roids have been demonstrated and reported in 
the literature, but because of their scarcity 
tissue of this type should be viewed with great 
suspicion.2 

THORACIC AND MEDIASTINAL 
GOITERS 
Most intrathoracic goiters result from the ex
tension of a nontoxic goiter in the neck or may 
occur in a patient with severe kyphosis or a 
short neck. Since the thoracic inlet is a fixed 
bony aperture, thyroid enlargement within this 
region may cause compression of adjacent soft 
tissues. Thus, airway obstruction, blood vessel 
obstruction, and dysphagia may occur. More
over, the thyroid tissue lying below the inlet 
may enlarge further so that the greatest mass 
of the goiter may lie in the thorax. 

An anterior mediastinal goiter may be the 
result of the previously described process. 
However, there may also be anterior medias
tinal rests that may become goitrous and even 
result in superior vena cavai obstruction. 

Posterior mediastinal goiters may also arise 

from rests that extend behind or beside the 
esophagus. These will then lie behind the great 
vessels of the heart, closely adjacent to the 
recurrent laryngeal nerve. A cardiac thyroid 
may also occur as a rest that results from the 
primary contact between cardiac endothelium 
and thyroid-forming cells remaining intimate.14 

Thus, a part of the gland is included between 
the endothelium and the enveloping myocar-
dial mantle. Otherwise, posterior mediastinal 
goiters can be located on chest radiographs 
and may be large enough to compress lung 
tissue. 

PHYSICAL EXAMINATION OF THE 
THYROID GLAND 

Examination of the thyroid gland is an integral 
part of every complete history and physical 
examination.19 The neighboring neck struc
tures must also be carefully examined; first, 
because they are so frequently encroached 
upon whenever there is thyroid enlargement; 
second, because of the possibility of lymph 
node involvement in certain diseases of the 
thyroid; and third, because abnormalities of 
the neck region may not be related to thyroid 
disorders in any way and may have to be 
considered on their own merits or in respect 
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to a differential diagnosis when thyroid disease 
is a consideration. 

It is obvious as well that a history and 
physical examination must include all systemic 
elements, since thyroid disease can have many 
systemic ramifications and, conversely such an 
inquiry may result in suspicion of the presence 
of a thyroid disorder. 

However, this chapter will not deal with the 
overall systemic history and physical exami
nation, although these aspects are discussed in 
the various parts of this text that relate to 
specific diseases. 

LOCAL EXAMINATION OF THE 
THYROID GLAND 

Classically, examination of the viscera utilizes 
most of the senses; inspection, palpation, aus
cultation, and percussion are the four hall
marks of any examination. In the case of the 
thyroid, the first two, inspection and palpation, 
generally provide most of the information.19 

Inspection 
The patient should be placed in a position that 
allows reasonably good lighting, sufficient to 
observe the structures within the neck but also 
with minimal shadowing that places the various 
structures in relief. The chin is elevated, and 
the area closely inspected for operative scars, 
drainage sites, and evidence of previous radia
tion in the form of telangiectasia. The observer 
then inspects the thyroid region at the base of 
the neck anteriorly. 

The normal thyroid gland cannot generally 
be detected on inspection. In the absence of 
thyroid enlargement, evidence of trachéal de
viation or venous dilatation may suggest the 
presence of a substernal goiter. When the 
patient swallows, such a substernal goiter may 
become evident by fullness in the suprasternal 
notch. 

Large goiters can be observed readily on 
inspection. To determine whether a particular 
structure represents a goiter, the patient is 
asked to swallow. Since the thyroid gland 
attaches to the trachea, it will rise with it 
during deglutition. Generally, this diagnosti-
cally excludes other structures in the neck, 
since most structures either do not move at all 
or do not move significantly in response to 
swallowing. 

Conversely, an abnormal thyroid gland may 
not move with swallowing, owing to fixation 

of the thyroid tissue to adjacent structures. 
Such a finding often may suggest the possibility 
of thyroid carcinoma although other lesions 
occasionally may produce similar findings. 

Palpation 
Palpation of the thyroid gland is possibly the 
most important maneuver to determine the 
size, shape, consistency, and tenderness of the 
gland. There are several means by which pal
pation can be performed, depending on the 
particular preference of the examiner. It is 
important to have the patient flex the neck 
minimally and turn the chin slightly toward the 
side to be examined so as to afford relaxation 
of the sternocleidomastoid muscles, an impor
tant prerequisite to the palpation of the thy
roid. 

The examiner may stand in front of the 
patient, may be above the patient, or may be 
on an equal level with the patient. Others 
prefer to stand behind the patient being ex
amined. In any event, the first maneuver is to 
palpate the thyroid area with the forefinger in 
order to determine size, consistency, contour, 
and symmetry, as well as to determine whether 
tenderness is present. Thereafter, the larynx 
and the thyroid are displaced to one side, by 
pressure with the thumb or fingers of one hand 
upon the thyroid cartilage; it is then possible 
to palpate the displaced lobe of the thyroid 
more readily. Both sides are examined in a 
similar fashion, during which time the patient 
is allowed to swallow. It is possible to feel the 
normal-sized thyroid gland in a thin person, 
and it is certainly quite easy to feel any enlarge
ment of the thyroid gland even in an obese 
patient. Careful notation should be made of 
the size, shape, and consistency of the thyroid 
gland. The size should be estimated either in 
approximate weight or in some other measure
ment. The firmness should be in a score of 1 
to 5 where 1 is normal and 5 is extremely hard. 
When the gland is not palpable, abnormalities 
may still be demonstrable by imaging (see 
Ultrasonography, to follow). 

When nodularity is encountered, it is impor
tant to attempt to separate this from lobularity 
as it may be seen in diffuse toxic goiter. Cysts 
may be suspected when a nodule is hemi
spheric in shape, rubbery in consistency, and 
smooth in outline. It is sometimes possible to 
transilluminate such cysts, although fluctuation 
is rarely demonstrable. 

Tenderness of the gland is generally due to 
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inflammation or infection but may also occur 
with rapid expansion of the thyroid capsule, 
as with hemorrhage into a cyst, thyroid malig
nancy, or even hyperthyroidism. 

At the same time, note should be taken of 
other palpable structures in the neck that may 
relate to thyroid disease. Examination also 
includes the determination of the position of 
the trachea (e.g., Is it deviated because of 
thyroid enlargement?). To determine the po
sition of the larynx and trachea, the index 
finger is placed on the trachea in the supra-
sternal notch and then the same finger is placed 
on each side of the notch. A space available 
to the finger will be equal on both sides if the 
trachea proves to be in the mid-line. One 
should next examine the carotid arteries for 
the quality of pulsation and for bruits. Simi
larly, the veins should be inspected and venous 
pressure estimated. The cervical lymph nodes 
should then be palpated, with particular atten
tion to the Delphian group of nodes that 
overlie the trachea, cricoid cartilage, or thyroid 
cartilage in the mid-line as well as the mastoid 
nodes situated at the angle of the jaw. 

Percussion and Auscultation 
Percussion is sometimes useful to determine 
the presence of a large substernal goiter which 
would widen the anterior mediastinum. Aus
cultation may be found useful, particularly in 
reference to the presence of bruits, which are 
found not uncommonly in toxic goiters. Mur
murs that may be transmitted from the heart 
or carotid arteries may sometimes be heard 
over the thyroid and be misconstrued as bruits. 
Thus, the information to be gained from per
cussion and auscultation is relatively limited. 

Other Aspects of the Examination 
It is important for the physician to examine 
other structures in the neck, since they may 
become involved in thyroid disease. For ex
ample, dyspnea, stridor, cough, dysphagia, or 
choking sensations may occur as a result of 
trachéal or esophageal compression. Signs of 
venous obstruction may be observed due to 
local venous pressure, resulting from enlarged 
thyroid tissue or lymph node métastases. 

Hoarseness or loss of the voice may be 
secondary to recurrent laryngeal nerve palsy, 
either as a result of a lesion in the region or 
of damage to the nerve during surgery. Sym-
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pathetic nerve damage may result in Horner's 
syndrome. 

Lymph node enlargement in the region may 
result from thyroid malignancy. The upper 
pretracheal node (i.e., Delphian node) may be 
enlarged, not only with thyroid malignancy but 
with Hashimoto's thyroiditis as well. Since it 
lies just superior to the thyroid isthmus, it has 
received considerable attention in the past. 

Physical examination may also elicit anom
alies of thyroid development, including thyro-
glossal duct cysts and lateral aberrant thyroid 
tissue. More often than not, such findings 
usually represent metastatic lymph node mé
tastases. 

Examining the pharynx with a mirror will 
often be necessary to demonstrate lingual thy
roids. Direct or indirect laryngoscopy will have 
to be employed when recurrent laryngeal nerve 
injury is suspected. 

Finally, it must be emphasized that a com
plete general physical examination will be 
necessary to determine whether a particular 
patient has any clinical evidence of hyperthy
roidism or hypothyroidism. Findings in either 
disorder are discussed separately in this text. 

THYROID IMAGING 
Roentgenography 
Roentgenography of the thyroid region is use
ful in establishing the location, size, and char
acter of a thyroid mass.19 Substernal extension 
of a goiter is thus demonstrable, and one can 
determine whether the mass is in the anterior 
or posterior mediastinum. Compression of the 
trachea is also made evident. Calcification 
within the thyroid gland, as well as metastatic 
deposits within the chest, may be observed. A 
fluoroscopic study with barium may suffice to 
show abnormalities of the thoracic inlet. Com
puterized axial tomography (CAT) will also 
demonstrate these abnormalities very elegantly 
but is generally not necessary. Surgeons some
times find a preoperative CAT scan useful to 
assess the extent of a malignant thyroid lesion 
or the substernal or retrosternal extension of 
a goiter. The technique is also useful in man
aging patients with postoperative thyroid ma
lignancy when they have cryptic masses within 
the neck. 

Thyroid Radionuclide Scanning 
Methods for localization of thyroid tissue by 
external imaging using radionuclides would 
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involve (1) those in which the isotope is nor
mally concentrated by thyroid tissues (e.g., 
isotopes of iodine and the "m pertechnetate 
ion); (2) the administration and following of 
any one of a number of pharmaceutical agents, 
which may be preferentially concentrated by 
abnormal thyroid tissue (e.g., 75seleno-
methionine, 67gallium citrate, 131cesium chlo
ride, and 32phosphate); and (3) fluorescent 
scanning, which is a rarely utilized approach 
to thyroid scanning and in which no isotope is 
administered to the patient. The thyroid is 
radiated with gamma rays derived from an 
241americium source; this interacts with stable 
iodine within the thyroid, which in turn emits 
x-rays that are fluorescent, and these can be 
picked up by a specialized silicon detector.13 

The last two procedures mentioned are not 
routinely used in the investigation of thyroid 
disease. For scanning, 123I and "m technetium 
("m Tc) are the radionuclides of choice, be
cause of the low radiation exposure. The half-
time of "mTc is 6 hours; 99% of the emissions 
are 140 KeV gamma rays, with no beta emis
sions. The energy deposited in situ is low, and 
when coupled with the short half-life provides 
a very low radiation dose to the subject.1 

Thyroid irradiation is about 0.1 rad/mCi as 
compared with about 1.0 rad^Ci for 131I, a 
factor of 104 less than that for 13T. 

Although "mTc is actively trapped in the 
thyroid by the same mechanism as iodine, it 
does not undergo organification. This isotope 
achieves maximum accumulation within the 
thyroid in an average of 17.8 minutes with a 
range of 5 to 30 minutes. Since larger doses of 
radionuclide can be administered because of 
the short half-life and low level of irradiation, 
high resolution thyroid scans are obtainable 
within 20 minutes after injection. 131I is still 
commonly used, however, for whole body 
scanning for the detection of functioning met-
astatic thyroid carcinoma. 

Several imaging instruments are available 
but are not discussed here. Primarily, Anger-
type gamma cameras are currently being em
ployed widely. 

The indications for scanning include the de
termination of the presence of solitary thyroid 
nodules (functioning or nonfunctioning), de
termination of the nature of abnormal neck or 
chest masses, determination of the size and 
shape of the thyroid, evaluation of thyroid 
remnants after surgery, detection of function
ing thyroid métastases, detection of anatomic 
variants and surgical ectopie thyroid tissue, 

diagnosis of congenital athyreosis or lingual 
thyroid, and evaluation as to whether the thy
roid is suppressible or not. 

In clinical practice, scans are most often 
requested for the evaluation of the functional 
activity of solitary nodules suspected of being 
malignant. As stated elsewhere in this text, 
cold nodules are not predictably cancerous and 
warm nodules do not completely exclude that 
possibility.13 The value of scanning in particu
lar lesions is discussed elsewhere in the text, 
and the use of other isotopes or fluorescent 
scanning is beyond the scope of this chapter. 

ULTRASONOGRAPHY 

Ultrasonography or echography has become 
increasingly used to characterize the density of 
lesions within the thyroid gland. The technique 
is able to differentiate interfaces of different 
acoustic densities utilizing sound frequencies 
in the megahertz (MH2) range (above the 
frequency of audible sound).7'15 A transducer 
is applied to the neck that transmits the signal 
and receives the echo reflections. Liquid trans
mits sound without deflection, whereas air-
filled space will not transmit ultrasound. Gen
erally, two-dimensional or B mode ultrasonog
raphy is employed, which uses a scanner that 
moves the transducer across the neck. A com
posite image of echoes is assembled electroni
cally. Special gel or oil is used to make contact 
with the skin, and this is essential to avoid 
artefacts. 

This type of equipment is able to differen
tiate between solid and cystic lesions, when 
they are larger than 1 cm in size. It is excellent 
for localization of lesions and has been used 
to guide the needle during fine-needle aspira
tion biopsy. B mode ultrasonography has also 
been proposed as a method for the estimation 
of thyroid gland weight. However, this tech
nique cannot distinguish between benign and 
malignant lesions, and claims that it can detect 
parathyroid adenomas have been disputed. 

High resolution ultrasound equipment is 
now generally available. These new instru
ments utilize a 10 MHz transducer, permitting 
images to be analyzed instantaneously and 
dynamically. High-resolution echograms can 
identify solid structures as small as 4 mm and 
cystic structures as small as 2 mm. Minute 
thyroid nodules can thus be demonstrated by 
this technique, which is far more sensitive than 
isotope scanning or palpation. The volume and 
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shape of the entire thyroid gland also can be 
readily determined.1 

Other Techniques 
Thyroid angiography or lymphography has 
been employed by a few workers, but neither 
technique has been found to be very useful. 
Thyroid thermography has been proposed to 
attempt to differentiate between benign and 
malignant lesions, which are both cold on 
isotopie scanning. Early evidence suggests 
thermography has no advantage over ultraso-
nography.13 
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Thyroid hormone is synthesized as a prohor-
mone, thyroglobulin, which is exported from 
the cell-like insulin or thyroid-stimulating hor
mone (TSH). However, unlike the pancreas 
or the pituitary, thyroid hormone is exported 
into the colloid, a storage area, and then to 
satisfy demand is brought back into the cell 
for further processing. The thyroid gland is 
also unique in that it is the only gland in the 
body to incorporate iodine in the synthetic 
process. Although iodine is concentrated in 
salivary glands, mammary glands, gastric mu
cosa, and choroid plexus, iodothyronines are 
not formed in these organs. Finally, the thyroid 
gland synthesizes the huge glycoprotein thy
roglobulin, with a molecular weight of 660,000, 
to obtain approximately three thyroid hor
mone molecules with a combined molecular 
weight of 2700. The reasons for these unique 
aspects of thyroid hormone biosynthesis may 
be better understood in evolutionary terms 
although the explanations are far from clear. 

Evolutionary Origins of the Thyroid 

Iodine binding to proteins is widespread in 
nature, including algae, corals and mollusks, 
and many other invertebrates. Most of this 
binding is to structural proteins and has been 
thought not to include mono-iodotyrosine 
(MIT) and diiodotyrosine (DIT) synthesis.130 

However, in the jellyfish, iodine plays a role 
in strobilation that involves conversion from 
the sessile to the medusa or free-floating form 
with the concomitant formation of MIT and 
DIT. Whether this iodine binding in inverte
brates represents a precursor form of thyroid 
hormone is not clear. 

The thyroid gland as a distinct histologie 
entity is found only in vertebrates where it 
always develops from a primordium in the 
midventral floor of the pharynx.15 The origin 
of vertebrates from lower forms is obscure. 
Their closest relatives are the protochordates, 
tunicates, and Amphioxus. However, even in 
the last two groups, evidence of thyroid evo
lution from prevertebrate ancestry is inconclu
sive. In forms below vertebrates, there is no 
significant formation of T4 or T3. Whether the 
iodotyrosines found play any functional role is 
unknown, although strobilation of the jellyfish 
suggests some form of control. Interest has 
centered therefore on the role of the thyroid 

11 
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in the lower vertebrates156 

Chapter 5.) 
(Fig. 2-1). (See 

Evolution of Thyroid Gland Morphology 

The basic functional unit is the follicle, which 
is similar in all vertebrate thyroids. There is a 
single layer of epithelium that encloses the 
colloid and is surrounded by a blood and 
lymphatic capillary bed. Follicles in most ver
tebrates form a compact organ that is often 
divided into two symmetric lobes. However, 
in reptiles and elasmobranchs, it generally re
mains a single median organ. In cyclostomes, 
the follicles are loosely distributed in the area 
of the lower jaw, anterior to the heart, and in 

many teleosts and some Urodela amphibians, 
the capsule is markedly reduced. However, 
these morphologic variations have no apparent 
physiologic significance. 

Since the thyroid develops from a primor-
dium in the midventral floor of the pharynx, 
comparable regions of the protochordates have 
been objects of attention. In these areas, their 
pharyngés filter minute organisms for feeding 
purposes. The endostyle, a groove in the floor 
of the pharynx, produces mucus which traps 
the food organisms (Fig. 2-2). The endostyle 
has been thought to be homologous with the 
thyroid. The larval form of the cyclostomes 
has retained the primitive feeding habit that is 
lost in the adult, although other cells of the 

'*<^ßL*, 

Figure 2 - 1 . Xenopus laevis (South Afri
can clawed toad). Left to right newly 
metamorphosed toad; metamorphosing 
tadpole; giant tadpole showing no meta
morphosing signs with thyroidal hor
mone synthesis blocked by immersion in 
r\C102. (Reproduced from Dodd, J. A. and 
Matty, A. J.: Comparative aspects of thy
roid function. In Pitt-Rivers, R. and Trot
ter, W. R., eds.: The Thyroid Gland. Lon
don, Butterworth Publishing Co., Ltd., 
1964, with permission.) 
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Figure 2-2. Light microscopic autoradiograph of 125Γ 
of a transverse section of the endostyle of the adult 
amphioxus. (Reproduced from Ericson, L. E., Fred-
ricksson, Q.7 and Ofverholm, T.: Cell Tissue Res. 
27:241-267, 1985, with permission.) 

subpharyngeal gland transform into typical 
vertebrate thyroid follicles. 

Studies with radioactive iodine have indi
cated the presence of T4 and T3 in the inter
mediate column of cells of the cyclostome 
larva's subpharyngeal gland. 

Origin of Thyroid Hormones 
Iodine atoms are large and bulky and stabilize 
the two phenyl groups of the iodothyronine, 
at right angles to one another. Interestingly, 
studies have indicated that iodine atoms are 
not necessary and nonhalogenated thyroid hor
mone analogues, such as dimethyl isopropyl-
thyronine, have intrinsic thyromimetic activity. 
Why then did this very complicated system 
evolve to trap, store, and re-use iodine? Con
ceivably, iodotyrosine might have served a 
structural or enzymatic function in early chor-
dates, and iodine itself may play some role. 
The suggestion has been made that with the 
filtering mode of feeding and widespread pe
ripheral iodination in primitive chordates, io-
dothyronines would be available internally 
through intake and digestion. Natural selection 
then would have favored the development of 
the hormonal signals that regulate metabolism, 
utilizing these iodothyronines. 

These hypotheses raise the question of the 
possible functional significance of the distinc
tive protein within which the coupling of ty-
rosines takes place. We have found 330,000 
molecular weight material that was not redu-
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cible in the hagfish so that this large protein 
was present even in the most primitive verte
brate. With the huge size of the thyroglobulin 
molecule, one question to be answered is 
whether other active substances are present in 
the molecule in addition to thyroid hormone. 

Significant sequence homology has been 
reported between the C-terminal portion of 
bovine thyroglobulin and acetylcholinester-
a s e 132,157 J J ^ SUggestion has been made that 
thyroglobulin evolved from condensation of a 
duplicated copy of the acetylcholinesterase 
gene with an archaic thyroglobulin gene, en
coding the major hormonogenic domain.157 

EMBRYOLOGY OF THE MAMMALIAN 
THYROID 

Similar to all vertebrates, the mammalian thy
roid forms from a mid-line outpouching of the 
entoderm in the floor of the primitive buccal 
cavity. At about the same time, lateral anlagen 
are derived from the ultimobranchial portion 
of the fourth pouches, which are destined to 
become the calcitonin-secreting parafollicular 
C cells. In the human embryo, the thyroid 
anläge is visible by 16 to 17 days' gestation 
and is in contact with the endothelium of the 
developing heart. At about 24 days, the wall 
of the distal portion of this vesicle increases in 
size and becomes multilayered through mitotic 
division to form a flask-like vesicle with a 
narrow neck that communicates with the buc
cal cavity. At this stage, the developing gland 
resembles the endostyle of the cyclostome. 
This hollow vesicle becomes bilobed. The stalk 
ruptures by 38 to 40 days, and the thyroid 
becomes a solid mass of laterally expanding 
tissue. The thyroid is pulled lower by the 
descent of the heart until by 45 to 50 days, the 
gland reaches its definitive location in the 
anterior lower neck. The ultimobranchial tis
sue that has grown down and forward becomes 
incorporated within the lateral lobes of the 
median anläge. 

The caudal movement of the thyroid is ac
companied by a rapid evolution of the stalk or 
thyroglossal duct. At some point, the thyro-
glossal duct fragments usually in the middle of 
the duct. Frequently, the fragmentation does 
not reach both ends. The persistent portion of 
the distal end of the duct differentiates into 
thyroid tissue, becoming the pyramidal lobe. 
Although the lobe cannot be identified in 25% 
of postnatal thyroids, prolonged TSH stimu
lation of the gland usually results in visualiza-
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tion on radioactive scan. The pyramidal lobe 
is in the mid-line initially but may be displaced 
partially to the left. The anterior pituitary 
gland is also a derivative of the primitive buccal 
cavity—Rathke's pouch—and its embryologie 
development parallels that of the thyroid. Se
cretory granules can be identified in anterior 
pituitary cells at 70 to 84 days, and TSH can 
be identified by both assay and immunoassay. 

Histology 
Historical ly, the human thyroid gland devel
ops in three stages. From 47 to 72 days of 
gestation, there is a precolloid stage followed 
by a "beginning colloid" stage from 73 to 80 
days. Before 72 days, there is no central colloid 
cavity or organic iodine present in the fetal 
thyroid. However, by 73 to 80 days of gesta
tion, the fetal thyroid matures in terms of the 
ability to produce iodothyronine (Fig. 2-3). 
Central colloid cavities appear to form by the 
gradual enlargement and fusion of intercellular 
canaliculi, possibly activated and controlled by 
thyroglobulin. Further maturation beyond 80 
days involves follicular growth.136'137 

Radioactive iodine has been given to women 
immediately prior to termination of pregnancy 
and uptake measured in the fetal thyroid.63 

The fetal thyroid is first able to concentrate 

radioactive iodine at the beginning colloid 
stage or 73 to 80 days of gestation. Incubation 
of fetal thyroid slices with 125I corroborated 
that the iodine was organically bound at this 
stage.136 

Iodide-concentrating ability and capacity to 
synthesize T4 appear about the same time, 
which corresponds to the final stages of follic
ular lumen formation. Although TSH has been 
identified in cultured fetal pituitaries of 14 
weeks' gestation, which coincides with the pe
riod during which the thyroid begins to func
tion, growth and development of the fetal 
thyroid do not appear to be TSH dependent.70 

Furthermore, fetal serum TSH concentrations 
and serum-free thyronine concentrations are 
correlated.72 These findings suggest that fetal 
serum TSH concentrations are responsive to 
serum-free thyroxine concentrations as early 
as 12 weeks of gestation. However, thyroglob
ulin synthesis and hormone storage occur in 
the absence of pituitary gland.17 Optimal ra
dioactive iodine concentration and efficient 
hormone synthesis seem to be TSH depen
dent.82 

PROTHYROID HORMONE SYNTHESIS 
AND PROCESSING OF THYROGLOBULIN 
Pioneering studies on insulin biosynthesis led 
to the concept that the polypeptide hormones 

Figure 2 -3 . Diagrammatic rep
resentation of the development 
of central colloid spaces in the 
human fetal thyroid. Desmo-
somes, represented as collars, 
play an important role in final 
organization by limiting the 
spread of the disgorged con
tents of the canaliculi. In the 
bottom panel intracellular can
aliculi are shown in the final 
phase of union, when the early 
colloid space resembles a clo-
verleaf in cross section. The 
marker represents 1 μ. (Re
drawn after Shepard, T. H.: On
set of function in the human 
fetal thyroid: Biochemical and 
radioautographic studies from 
organ culture. J. Clin. Endocri-
nol. Metab. 27:945-958, 1967, 
with permission.) 
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were synthesized as larger molecules that 
underwent a series of processing steps before 
the active hormone was produced. Thyroid 
hormone undergoes extremely complicated 
processing before the active hormone is even
tually released from the gland (Fig. 2-4).51 

Proteins destined for export from the cell are 
synthesized with a "signal" peptide that at
taches to the rough endoplasmic reticulum and 
thyroglobuhn is no exception. The signal pep
tide is cleaved from the free prothyroid hor
mone. Prothyroid hormone then undergoes a 
series of processing steps, including glycosyla-
tion, iodination, phosphorylation, degrada
tion, and deiodination to form the active hor
mone, triiodothyronine. 

Preprothyroid Hormone Synthesis 

Thyroglobuhn is synthesized with a signal pep
tide that allows the thyroglobuhn to be inserted 
into the rough endoplasmic reticulum.52 Co-
translationally, the signal peptide is cleaved 
and mannose and N-acetylglucosamine are 
added to initiate formation of glycoprotein. 
The large size of the thyroglobuhn molecule 
precludes the separation of the signal peptide 
by molecular weight and requires indirect 
methods. Nevertheless, the data are consistent 
with the signal hypothesis.22 Following the syn
thesis of the polypeptide chain, thyroglobuhn 
undergoes a series of processing steps. 

THYROID HORMONE 

\ I 
MATURE THYROGLOBULIN (PROTHYROID HORMONE) COLLOID 

Figure 2-4. Thyroglobulin synthesis and thyroid hor
mone production. 

Glycosylation 
Thyroglobulin ultimately contains 8 to 10% 
carbohydrates150 distributed in two types of 
glycopeptide units. Prothyroid hormone is 
transported through the smooth endoplasmic 
reticulum to the Golgi appartus where the 
terminal carbohydrates are attached.106 

Two chains of oligosaccharides have been 
identified, which are linked to the polypeptide 
backbone by an asparagine chain (Fig. 2-5). 
Chain A (simple) has a molecular weight of 
1800 and contains mannose and 7V-acetylglu-
cosamine.9'10 Chain B (complex) has a molec
ular weight of about 3000 and is a branched 
structure that contains sialic acid, fucose, and 
galactose in addition to mannose and N-ace
tylglucosamine. The number of chains varies 
with the species, but in humans there are seven 
to eight A chains and 22 B chains. Two other 
carbohydrate chains have been identified in 
humans that contain galactosamine.147 Assem
bly of the carbohydrate chains begins cotran-
slationally with the removal of the signal pep-
tides in the rough endoplasmic reticulum52 and 
is completed in the Golgi. 

Carbohydrate is preformed as a dolichyl 
pyrophosphate-linked oligosaccharide con
taining N-acetylglucosamine, glucose, and 
mannose.78'151 This complex is transferred in
tact to newly formed peptide, containing an 
asparagine-x-serine (threonine) sequence in 
the turnover of the rough endoplasmic reticu
lum. Removal of glucose and a variable 
amount of mannose results in formation of the 
mature chain A, whereas excision of glucose 
and mannose residues is required both in the 
rough endoplasmic reticulum as well as in the 
Golgi before the peripheral oligosaccharide 
chains can be added. A number of transferases 
have been isolated that catalyze this reac
tion.148' 149 Glucose plays an imperfectly under
stood role in increasing the affinity of the 
transf erase for the peptide substrates. 

Studies with an inhibitor of core glycosyla
tion, tunicamycin, have indicated that glyco
sylation is necessary for the secretion of thy
roglobulin into the colloid.53 In addition, 
glycosylation appears to prevent intracellular 
breakdown of the prothyroid hormone. In thy
roid cells incubated with tunicamycin, the in
tracellular thyroglobulin had a molecular 
weight of 64,000 compared with 330,000 in 
control cells. Finally, inhibition of glycosyla
tion also resulted in decreased iodination of 
the thyroglobulin molecule perhaps due to 
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Oligosaccharides in TG 

Unit A 
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Tigure 2—5. Structure of the oligosaccharide chains in thyroglobulin. (Asn = Asparagine; Gal = galactose; Man 
= mannose.) (Reproduced from Edelhoch, H. and Robbins, J.: Thyroglobulin: Chemistry and biosynthesis. In 
Werner, S. C. and Ingbar, S. fi., eds.: The Thyroid, 4th edition. New York, Harper & Row, 1978, with permission.) 

*This sialic acid residue might be N-glycollyl neuraminic acid (GlcNAc) rather than N-acetyl neuraminic acid 
(NeuNAc). 

tLocation of fucose is uncertain. 

conformational changes. In an experimental 
rat thyroid tumor, which lacks membrane-
bound sialyltransferase, defective thyroglobu
lin synthesis occurs.105 

Exocytosis 

The terminal sialic acid residues are added in 
the Golgi complex, and thyroglobulin is proc
essed in exocytotic vesicles for transport to the 
apical membrane (Fig. 2-6).6 The membranes 
of these exocytotic vesicles fuse with the thy
roid apical plasma membrane, and the thyro
globulin is discharged into the colloid. There 

may also be a signal sequence in the thyro
globulin peptide, which directs it toward the 
apical membrane. TSH induces a rapid deple
tion of exocytotic vesicles and translocation of 
labelled thyroglobulin from the apical region 
of the cell to the periphery of the follicle 
lumen. The rate of thyroglobulin exocytosis 
appears to be dependent on the concentration 
of TSH. 

Suppression or elimination of TSH by pre
treatment with thyroid hormones or by hypo-
physectomy results in a significant decrease in 
thyroid hormone secretion. This inhibition of 
thyroid hormone secretion is due to a marked 
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Figure 2-6. Exocytosis and endocytosis shown by electron micrographs of apical portions of rat thyroid follicle 
cells (x 14,500). A Control rat, pretreated with T4 for 2 days. The apical cytoplasm contains numerous, dense 
exocytic vesicles, some of which are indicated by arrows. Lysosomes (L) are also present. Pseudopods and 
colloid droplets are absent, ß, T4-treated rat injected with 5 mU thyroid-stimulating hormone (TSH) 20 minutes 
before fixation. A bulky pseudopod (Pp) protrudes into the follicle lumen. The apical cytoplasm contains 
exocytotic vesicles, some of which are indicated by arrows. C, T4-treated rat injected with 50 mU TSH 20 minutes 
before fixation. Three large pseudopods (Pp) belonging to different follicle cells protrude into the follicle lumen. 
The pseudopods are larger than those induced by the smaller dose of TSH and contain invaginations or colloid 
droplets, especially the pseudopod to the left. Some exocytotic vesicles remain in the cytoplasm (arrows). 
Micropinocytotic vesicles are present, some of them indicated by arrowheads. (Reproduced from Engstrom, Q. 
and Ericson, L. E.: Effect of graded doses of thyrotropin on exocytosis and an early phase of endocytosis in the 
rat thyroid. Endocrinology 108:399-405, 1981, with permission.) 
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decrease in endocytosis. Thyroglobulin contin
ues to be delivered to the follicle lumen, and 
this continuing transport is manifested by an 
increase in thyroglobulin content of the thyroid 
gland. 

The exocytotic vesicles that contain both 
thyroglobulin and peroxidase accumulate be
tween the Golgi apparatus and the apical 
plasma membrane (see Fig. 2-6). Microtubu-
lees appear to play a role in this distribution, 
and disruption of microtubules leads to a scat
tering of the exocytotic vesicles about the 
cell.61 Concomitant with this dislocation is an 
impaired exocytosis of newly synthesized pro
tein. 

The actual mechanism by which exocytotic 
vesicles are brought into contact with the apical 
plasma membrane is unknown but charge is 
thought to be important. Carboxymethylation 
has been suggested to play a role in cell move
ment and fusion of membranes (Fig. 2-7), and 
thyroid cells are rich in carboxymethylase ac
tivity.55 The enzyme protein carboxymethylase 
donates methyl groups, changing the net 
charge. Both the secretory granule membrane 
proteins and the secretory granule proteins 
themselves have been found to serve as 
methyl-acceptor proteins. Interest has also fo
cused on actin-containing filaments. Cytochal-
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Figure 2 - 7 . Carboxymethylation. 

asin B interacts with these filaments and affects 
secretion by exocytosis. 

Endocytosis 

The ability of the thyroid follicle cell to re
spond to TSH stimulation with endocytosis 
appears to be dependent on the pool of mem
brane available in exocytotic vesicles. TSH 
stimulation alters membrane distribution in the 
apical portion of the follicle cell. Total mem
brane area is not changed. Rather, a redistri
bution of existing membranes occurs with 
transfer to the apical plasma membrane during 
exocytosis and removal during endocytosis.60 

The rapidity of the endocytotic response to 
TSH makes de novo synthesis an unlikely 
source for the large membrane requirements 
of endocytosis in the thyroid cell. The first 
phase of TSH stimulation is characterized by 
a transfer of membrane from exocytotic vesi
cles to the apical plasma membrane.60 Next, 
there is a transfer of membrane from the 
enlarged apical plasma membranes into pseu-
dopods. Finally, there is a shift of membrane 
material from the pseudopods into colloid 
droplets. The data suggest that endocytosis is 
dependent on exocytosis. Acute TSH stimula
tion induces early phagocytosis of colloid by 
newly formed apical pseudopods.135 However, 
chronic TSH stimulation rarely results in apical 
pseudopods and intracellular colloid droplets,83 

at least in dog thyroids. 
Endocytosis involves the invagination of the 

apical cell membrane followed by fusion of the 
neck of invagination and detachment of the 
fused vesicle. The fused vesicle is transferred 
to the lysosome.76 77 If thyroglobulin is taken 
up as a function of concentration in the follicle, 
the process is called fluid-phase pinocytosis. 
However, if thyroglobulin binds to a receptor 
in a process, it is called receptor-mediated 
endocytosis (Fig. 2-8).71 The concentration of 
thyroglobulin taken up by this process is much 
larger than in fluid-phase pinocytosis, since 
binding to the membrane is a concentration 
phenomenon. If the binding takes place in 
coated pits, the vesicle will be coated with 
clathrin. There is some suggestion that binding 
of thyroglobulin occurs in coated pits.65 

Whether endocytosis plays a role in the "first 
come, first served" phenomenon is unclear. 
The observation has been made that newly 
synthesized thyroglobulin is preferentially util
ized for thyroid hormone production. Since 
endocytosis is thought to be the rate-limiting 
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Figure 2-8 . Receptor-mediated endocytosis. (Redrawn 
from Pastan, I. H. and Willingham, M. C: Journey to 
the center of the cell: Role of the receptosome. Science 
214:504-509, 1981, with permission from the Amer
ican Association for the Advancement of Science. ) 

step in thyroglobuhn degradation rather than 
proteolysis, there might be some selectivity for 
newly synthesized thyroglobuhn. Poorly iodin-
ated and therefore presumably newly synthe
sized thyroglobuhn preferentially binds to ap
ical membranes.36 However, iodine-poor 
thyroglobuhn does not turn over faster than 
iodine-rich thyroglobuhn as might be ex
pected.38 Whether the newly synthesized, 
poorly iodinated thyroglobuhn binds to the 
apical membrane where it is more heavily 
iodinated and temporarily protected from en
docytosis remains to be determined. A thyro
globuhn receptor has been identified on thy
roid cell membranes that requires desialylation 
prior to receptor recognition.36 This receptor 
could function both in the biosynthesis and the 
biodégradation of the thyroglobuhn molecule. 
Thyroglobuhn with a low iodine content ap
pears to have a higher affinity for thyroid 
membranes than thyroglobuhn with a high 
iodine content.166 Removal of the penultimate 
galactose residue to expose N-acetylglucosa-
mine residues also increased thyroglobuhn 
binding to thyroid membranes. 

Other possibilities exist for membrane rec
ognition. Phosphorylation of carbohydrate res
idues is an important step in the recognition 
and pinocytosis of lysosomal enzymes.109 Ra
pidity of the uptake of glucuronidase is directly 
related to its mannose-6-phosphate content, 
and hydrolysis of the carbohydrate groups re
sults in loss of susceptibility to absorptive en
docytosis. Thyroglobuhn is also phosphoryl-

ated, and this appears to be as mannose 
phosphate.55 

Lysosomes 
After endocytosis, the endocytotic vesicles fuse 
with lysosomes to form phagolysosomes where 
the iodinated thyroglobuhn is hydrolyzed and 
thyroxine and triiodothyronine are ultimately 
secreted from the cell (Fig. 2-9). Movement 
of endocytotic vessels toward the center of the 
thyroid cell and corresponding movement of 
lysosomes toward the apical region probably 
depend on a combination of saltatory motion 
and microtubular guidance.114 The microtu-
bules radiate out from the perinuclear region 
toward the cell surface. The saltatory motion 
of the colloid droplets would be guided in 
short straight segments toward the cell's cen
ter, presumably owing to their association with 
microtubules. Drugs, such as colchicine which 
depolymerize cytoplasmic microtubules, in
hibit TSH-induced thyroid hormone secre
tion.110'179 

Soon after colloid droplets are formed, signs 
of fusion with lysosomes may be seen on 
electron micrographs.182 There are often sev
eral lysosomes clustered around the endocy
totic vesicle.57 Biochemical studies are difficult 
because of the problem in thyroid cell fraction-
ation without thyroglobuhn contamination. 
However, if thyroid tissue either prelabelled 
with 125I-iodides or incubated with 125I-thyro-
globulin is fractionated on sucrose gradients, 
the distribution pattern of radioactive iodine 
is very similar to that of the acid hydrolases 
indicating that the iodoproteins are seques
tered inside particles with the properties of 
lysosomes.116163 

The turnover of thyroglobuhn within the 
lysosomal fraction is rapid. The proteolytic 
intermediates obtained from this fraction are 
similar to those obtained after in vitro hydrol
ysis of thyroglobuhn by lysosomal enzymes in 
the presence of glutathione, suggesting that 
disulfide bonds play a role in the susceptibility 
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figure 2-9. Thyroglobulin degradation. 
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of the thyroglobulin molecule to hydrolysis.116 

Hydrolysis is maximal at pH 4.0.165 

Glycoside hydrolases, acid proteases, pepti-
dyl amino acid hydrolases, and dipeptide hy
drolases are involved in the hydrolysis of the 
thyroglobulin molecule and all have maximal 
activity at acid pH.100 Thyroid tissue contains 
ß-galactosidase, α-amannosidase, ß-jV-acetyl-
glucosaminidase, and ß-glucuronidase among 
the glycoside hydrolases that release carbohy
drates from desialated thyroglobulin.28 Thyroid 
protease is similar in specificity to pepsin but 
more restricted. Free thyroxine and free triio-
dothyronine are preferentially liberated, 
whereas MIT and DIT seem to remain within 
oligopeptides. Thyroglobulin hydrolysis is 
preferential for newly iodinated molecules. 
Thyroid hormone-rich sequences occur in the 
thyroglobulin molecule, and it is conceivable 
that these amino acid sequences are more 
prone to hydrolysis.45,122 With the progression 
of hydrolysis, the phagolysosome shrinks and 
migrates toward the basal membrane. Whether 
the membranes are recycled through the Golgi 
apparatus is not clear.77 

Secretion of Thyroid Hormone 
Following hydrolysis, thyroxine and triiodothy-
ronine migrate toward the basal surface of the 
cell where they are secreted into the circula
tion. Whether this process is simple diffusion 
due to a concentration gradient or is carrier-
mediated is not clear. The most likely expla
nation is that thyroxine and triiodothyronine, 
which are polar residues, cross the lysosomal 
membrane. There may be active transport oc
curring in lysosomes. Although cytosolic-bind-
ing proteins could be implicated in the intra-
cellular transport of these hormones, there is 
no evidence to support this contention. Most 
of the iodotyrosine residues are rapidly deio-
dinated with utilization of the iodide released. 
Not all the iodide is immediately recycled, and 
about 50 μgm/day is secreted into the circula
tion (iodide leak). 

The major iodinated compounds found in 
thyroid venous blood are thyroxine, triiodo
thyronine, iodotyrosines, thyroglobulin, and 
iodide. The thyroid produces 80 to 100 μgm 
of thyroxine daily of which 80% is monodeio-
dinated to triiodothyronine and reverse triio
dothyronine (RT3) in roughly equal propor
tions. The thyroidal contribution of these 
hormones is limited, less than 20% of total 
hormone production (see Chapter 4). Despite 

the small amounts, the thyroid secretes triio
dothyronine and RT3 triiodothyronine prefer
entially to thyroxine.88 This increased release 
of T3 and RT3 is probably due to both intra-
thyroidal monodeiodination88 and selective or 
facilitated release during lysosomal hydroly
sis.165 

There is a tendency to consider the thyroid 
gland as a homogeneous collection of follicle 
cells all synthesizing thyroid hormone at the 
same rate. However, thyroid cells appear to 
be polyclonal and neither iodinating capacity 
nor peroxidase activity is uniformly distributed 
among follicular cells.155 Moreover, some fol-
licular cells respond more readily to growth 
stimuli than others, and the same is presum
ably true of thyroid hormone secretion. Thy
roid hormone secretion may be inhibited by 
iodides directly.164 Iodides appear to depress 
the stimulation of colloid droplet formation by 
TSH by inhibition at a step after cyclic aden-
osine monophosphate (cAMP) formation. 
Lithium, a cation, has a similar inhibitory 
effect on thyroid hormone release and has 
been used clinically to inhibit thyroid func
tion.25' 145 

IODIDE TRANSPORT AND IODOAMINO 
ACID BIOSYNTHESIS 

The complexity of thyroid hormone biosyn
thesis as well as the complexity of the thyro-
glubulin molecule itself may result from the 
use of iodine to stabilize the thyronine mole
cule, and may derive from an evolutionary 
adaptation to the variation in iodine supply. 
Why iodine should play this role when short-
chain hydrocarbons are acceptable substitutes 
and universally available is not clear.35 

Iodide Transport 
Iodide is actively transported into the thyroid 
gland against both a chemical and an electrical 
gradient. The accumulation of iodine in the 
thyroid gland is the resultant of both iodide 
influx and efflux. Iodide transport is dependent 
on intact cellular membranes but not follicular 
organization, since isolated cells can concen
trate iodides.177 The transport is saturated by 
excess iodide and competitively inhibited by 
related anions. This iodide concentrating 
mechanism is localized to the basal mem
brane.8 The suggestion has been made that 
sodium influx may be a determining factor in 
thyroid iodide transport.32 TSH would stimu-
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late iodide transport by enhancing sodium in
flux with a resulting decrease in the potential 
difference across the thyroid follicular basal 
cell membrane and an increase in the passively 
distributed component of thyroid iodide. 

Clinically, iodide transport can be measured 
in the thyroid with radioactive iodine tracer. 
The absolute iodine uptake in the thyroid can 
be measured by multiplying plasma inorganic 
iodine concentration by the thyroid iodide 
clearance that is calculated from the thyroid 
radioactive iodine (RAI) uptake, i.e., 150 min 
RAI uptake - 6 0 min RAI uptake/(plasma 
RAI concentration x min between the two 
uptakes). This thyroid clearance represents the 
quantity of plasma "cleared" of iodine in 90 
minutes and when multiplied by the plasma 
inorganic iodide concentration results in the 
total amount of iodide taken up by the thyroid. 

Transport of iodide in the thyroid is de
pendent upon cellular ATP,162 and N a + - K + 

ATPase is probably involved in the transport. 
In thyroid slices, ouabain inhibits N a + - K + 

ATPase activity and accumulation in parallel 
fashion.180 However, the specific role of 
Na+ - K+-dependent ATPase activity in 
iodide transport is not clear. TSH does not 
stimulate enzyme activity, and the thyroid 
gland from a patient with an iodide trapping 
defect contained normal amounts of N+ - K+ 

ATPase.152-178 

The actual transport of iodine across the 
thyroid plasma membrane has been thought to 
involve a carrier.177 Phospholipid fractions can 
complex iodide and make it soluble, and thy
roid phospholipid binding is similar to an en
zyme reaction in regard to saturation kinetics, 
structural specificity, and competition by an
other anion. The nature of the iodine-lipid 
linkage is not proved, but its easy reversibility 
suggests that covalent bonds are not formed. 
TSH stimulates 32P incorporation into thyroid 
phospholipids, but the relationship between 
thyroid phospholipid turnover and iodide 
transport is unknown.178 Proteins, particularly 
albumin, have also been suggested as carriers 
for iodide in the thyroid.177 

In addition to iodide, other halides and 
complex anions are concentrated by the thy
roid.181 Thiocyanate competitively inhibits io
dide transport and is not transported. The 
order of increasing Kj for thyroid iodide trans
port is as follows: Tc04~ < C104" < SCn" < 
I~ < N0 2 . The goitrogenic potency of these 
competitive amines shows a similar order.3 

Thiocyanate inhibits thyroid iodide accumula

tion both in vivo and in vitro, and the perch-
lorate discharges previously accumulated io
dide from the thyroid. The most potent known 
inhibitor of iodide transport is perchlorate, 
which appears to inhibit both iodide uptake by 
the thyroid and reutilization within the 
gland.133 Perchlorate also inhibits iodotyrosine 
formation by a mechanism not connected with 
iodide transport.73 Technetium is not a natu
rally occurring element and exists in a radio
active state available as 99m pertechnetate 
(99mTcCT4). A short half-life of 6 hours and no 
beta energy make it a good agent for clinical 
scanning of the thyroid. However, technetium 
does not seem to be bound in the thyroid to 
any significant degree. Thyroid technetium up
take is increased by TSH and decreased by 
thyroid hormone administration.140 

TSH plays the major role in the control of 
iodide accumulation in the thyroid. The hor
mone initially causes an increase in the efflux 
of iodide followed by a late increase in unidi
rectional clearance with greater accumulation 
(Fig. 2-10).177 Presumably, the TSH effects are 
modulated through cAMP. Dibutyryl-AMP 
has been shown to reproduce the biphasic 
effect of TSH on iodide accumulation in iso
lated thyroid cells.174 The 7S immunoglobulin 
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Figure 2-10. Biphasic effect of thyroid-stimulating 
hormone (TSH) on iodide transport by dispersed bo
vine thyroid cells. Cells were preincubated for an hour 
with micromolar 131I-iodide to achieve steady-state 131I-
iodide distribution. At time zero TSH was added and 
the changes in cell-to-medium (C/M) concentration of 
131I were observed. (Redrawn from Tong, W.: The use 
of isolated thyroid cells in studies of thyrotropin ac
tion. In Tritsch, G., ed.: Axenic Mammalian Cell Reac
tion. Mew York, Marcel Dekker, 1969, with permission.) 
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associated with Graves' disease also stimulates 
iodide accumulation in thyroid cells.48 Lithium, 
a cation, has been reported to inhibit the 
uptake of iodide but seems to have a greater 
effect on the release of thyroid hormone.25 145 

Wolff-Chaikoff Effect 

Pharmacologie doses of iodine transiently in
hibit iodotyrosine formation—the Wolff-Chai-
koff effect—by affecting iodide transport.108 178 

This inhibitory effect of iodide is prevented if 
antithyroid drugs are administered before or 
during the supplemental iodide administration. 
The implications of this observation are that 
the inhibition is not simply due to an increase 
in extracellular iodide concentration but re
quires iodotyrosine formation. An inverse re
lationship exists between the organic iodine 
content of the thyroid and the activity of the 
iodide transport mechanism both in the basal 
state and in response to TSH. As a conse
quence of this autoregulation, plasma iodide 
concentrations influence thyroid hormone syn
thesis by altering iodide transport in the thy
roid.80 

The precise mechanism of the Wolff-Chai-
koff effect is unclear. However, in normal 
individuals, "escape" from this effect occurs 
despite continued iodide administration. This 
escape depends on a progressive inhibition of 
thyroid iodide transport. As a result, the intra-
thyroidal iodide concentration falls below the 
level required to sustain the inhibition of io
dotyrosine formation.23 A specific iodinated 
organic derivative in which concentration and 
action varies with the total organic iodine 
content of the thyroid has been postulated. 
Since iodides have been shown to inhibit 
cAMP production and the inhibition can be 
overcome by administration alterations of the 
antithyroid drugs, inhibition of adenylate cy-
clase response has been suggested.121-170 

Iodination 
The unique process of exporting thyroglobulin 
from the cell for storage in the colloid is 
directed toward a constant supply of thyroxine 
and triiodothyronine despite a highly variable 
iodine intake. Iodination of the thyroglobulin 
takes place at or near the apical membrane 
and requires four components—thyroglobulin, 
iodine, peroxidase, and a source of hydrogen 
peroxide (Fig. 2—ll).56 Iodide is concentrated 
by the basal plasma membrane and diffuses 

freely through thyroid cell cytoplasm. Peroxi
dase activity has been found predominantly in 
the rough endoplastic reticulum,2 with the pre
sumption that the enzyme is transferred to the 
apical cell surface via Golgi and exocytotic 
vesicles. Hydrogen peroxide can be generated 
by several enzyme systems present in the thy
roid but which process acts as the substrate for 
the peroxidase in the iodination of tyrosine 
moieties in thyroglobulin remains to be deter
mined. These H 20 2 generating systems are 
located intracellularly as well as in the apical 
plasma membrane.21 

Although some cellular fractionation tech
niques have suggested that iodination can take 
place intracellularly, this may be due to con
tamination with thyroglobulin. Results of elec
tron microscopic studies indicate that the ma
jor site of thyroglobulin localization is the 
apical cell surface (Fig. 2-12).58< 153 The com
bination of electron microscopy with radioau-
tography has allowed 125I-labelled thyroglobu
lin to be located in the cell with a high degree 
of precision. Administration of TSH, 5 minutes 
before injection of 125I, and fixation, 30 seconds 
later, resulted in the distribution of the radio
activity along the membrane of the thyroid 
follicular cell pseudopods. This distribution 
correlated well with the distribution of perox
idase and suggested that iodination was cata
lyzed by peroxidase in the apical plasma mem
brane. 

The acute stimulation of iodination by TSH1 

may be secondary to the stimulation of exo-
cytosis. A temporal relationship exists between 
exocytosis and iodination.59 Despite this rela
tionship, iodination of thyroglobulin does not 
occur exclusively in association with exocyto
sis. There is good evidence that thyroglobulin 
that has been stored in the follicular lumen 
also undergoes iodination.81 104 Apparently, 
thyroglobulin molecules may be iodinated re
peatedly at the apical cell surface after export 
to the colloid. 

Iodoaminoacid Biosynthesis 
Virtually all the iodide present in the thyroid 
gland is in the form of the prohormone thy
roglobulin. The iodine present in thyroglobulin 
is in the form of tyrosine derivatives (Fig. 2 -
13). Only thyroxine and triiodothyronine ex
hibit biologic activity. About 10 to 15% of the 
total iodide in the gland is present in insoluble 
iodoproteins. 

The iodine content of 19S thyroglobulin may 
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figure 2-11. Peroxidase activity (in black) is shown along the apical membrane of the thyroid follicular cell. 
(Reproduced from Bjorkman, U., Ekholm, R., and Denef, J. F.: Cytochemical localization of hydrogen peroxide 
in isolated thyroid follicles. J. Ultrastruct. Res. 74:110, 1981, with permission.) 

vary from lower than one iodine atom/mole to 
15 iodine atoms/mole (1.1%).41 The thyroglob-
ulin molecule contains 140 tyrosine residues so 
that theoretically 280 iodine atoms can be 
incorporated. Only a small percentage of these 
tyrosine residues are in fact iodinated in vivo. 
However, the iodination is heterogeneous, and 
thyroglobulin can be fractionated into mole

cules containing 26 to 70 iodine atoms. This 
heterogeneity may be related to variations in 
iodide or thyroglobulin present at the iodina
tion site. If the formation of MIT and DIT is 
followed, the data are consistent with the hy
pothesis that the reactivity of the different 
tyrosine residues and the distribution of iodine 
are determined by the physical and chemical 
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Figure 2-12. Location of iodination within the thyroid cell. A Autoradiographic grains are present along the 
apical plasma membrane right to the narrow base of the pseudopod and over rounded profiles in the body of 
the pseudopod. There are few grains along the distal surface of the pseudopod ( x 127000). B, Silver grains are 
present along the apical plasma membrane below the broad, irregularly shaped distal part of the pseudopod. 
Grains are also found over a vesicular structure containing microviUi in the base of the pseudopod and over a 
rounded profile in the body of the pseudopod. There are practically no grains associated with the distal surface 
of the pseudopod (x 13,000). C, Silver grains are concentrated between the apical cell membrane and a 
pseudopod which in this section has no connection with the distal surface of the pseudopod (x 10,000). 
(Reproduced from Ekholm, R. and Wollman, S.: Site of iodination in the rat thyroid gland deduced from electron 
microscopic autoradiographs. Endocrinology 97:1432, 1975, with permission. 
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H2N COOH H2N COOH H2N COOH H2N COOH H2N COOH H2N COOH 

T4 T3 Reverse T3 MIT DIT Tyrosine 
Figure 2-13. lodotyrosines and iodothyronine. (Redrawn from Nunez, J.: lodination and thyroid hormone 
synthesis. In de Visscher, M., ed.: The Thyroid Gland. New York, Raven Press, 1980, with permission.) 

structure of thyroglobulin.42 Thyroglobulin 
contains 3 moles of T4 or less/mole and 0.3 
moles of T3.126 

Thyroid Peroxidase 
Thyroid peroxidase is a membrane-bound en
zyme, which is a hemoprotein,160 active only 
in the presence of H202.93a The source of the 
H202-generating system within the thyroid is 
unclear. The iodination of tyrosine catalyzed 
by peroxidase probably involves free radical 
mechanisms.172 The assumption has been made 
that thyroid peroxidase contains two sites for 
substrate, iodide and tyrosine (Fig. 2-14). 

In addition to catalyzing tyrosine iodination, 
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Figure 2-14. Iodotyrosine formation. (Redrawn from 
Nunez, J.: Iodination and thyroid hormone synthesis. 
In de Visscher, M., ed.: The Thyroid Gland. New York, 
Raven Press, 1980, with permission.) 

thyroid peroxidase is also able to catalyze 
intramolecular coupling of two iodotyrosine 
residues on thyroglobulin. For this to happen, 
the tyrosine residues must be aligned correctly 
in both the primary and tertiary protein struc
tures in order to allow interaction with the 
enzyme and coupling. The enzymatic coupling 
mechanism may be the same as the iodination 
of tyrosine but with DIT bound to each of the 
substrate sites (Fig. 2-15). 

When thyroglobulin is unavailable for iodin
ation because of defective synthesis, other pro
teins are iodinated instead, notably albumin. 
Although the suggestion has been made that 
an albumin-like protein is synthesized and io
dinated in the thyroid gland, the balance of 
evidence indicates that a variety of proteins 
synthesized elsewhere are iodinated when thy
roglobulin is not available.92 113 

Action of Antithyroid Drugs 
Iodination catalyzed by thyroid peroxidase can 
be inhibited by the thioamides, propylthiour-
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Figure 2—15. The "coupling reaction"—iodothyronine 
formation. (Redrawn from Nunez, J.: Iodination and 
thyroid hormone synthesis. In de Visscher, M., ed.: 
The Thyroid Gland. New York, Raven Press, 1980, with 
permission.) 
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acil and methimazole. This inhibition could be 
reversible or could not, depending on the 
relative concentrations of thioamide and io
dide.138 Iodide was thought to inhibit antithy-
roid drug action by increasing drug oxidation, 
reducing peroxidase inactivation, or a combi
nation of both.47 Further studies indicate that 
whether the inhibition of iodination is revers
ible or irreversible depends on the relative 
rates of peroxidase inactivation and drug oxi
dation.39 138 The rates appear to depend on the 
iodide to drug concentration ratio. A high ratio 
favors extensive drug oxidation and reversible 
inhibition, whereas a low ratio favors thyroid 
peroxidase inactivation and irreversible inhi
bition. 

Congenital Defects in Iodination 
Defects in iodination are expressed clinically 
as "organification defects" detected by a pos
itive perchlorate discharge test result. Patients 
with defects in iodination have partial or com
plete discharge of trapped radioiodine from 
the thyroid after administration of perchlorate. 
Total discharge of the trapped iodine is rare 
and associated with mental retardation. These 
patients' peroxidase activity is absent.111, 120 

More commonly, patients have goiter and only 
partial discharge of radioactivity with per
chlorate. In some patients, this partial dis
charge is associated with a defect in the binding 
of the hematinic prosthetic group to the per
oxidase apoenzyme.111 The most common clin
ical picture is associated with goiter and nerve 
deafness. (Pendred's syndrome).93 There does 
not appear to be a defect in the apoenzyme or 
prosthetic group in these patients. The defect 
could represent a defect in H 20 2 generation.27 

Although thyroglobulin has been reported to 
be abnormal in these patients, this finding may 
be due to decreased iodination, and the thy
roglobulin appears to be normal.54 

STRUCTURE AND MOLECULAR 
BIOLOGY ΟΓ THYROGLOBULIN 

The thyroid prohormone thyroglobulin is a 
large soluble glycoprotein with a molecular 
weight of 660,000 daltons and a sedimentation 
coefficient of 19S.46 

Structure 
When care is taken to isolate intact membrane 
polysomes, large thyroid poly somes can be 

observed (Fig. 2-16).41- 134 Nascent peptides 
from these large polysomes can be precipitated 
by thyroglobulin antibodies. These large po
lysomes yield a messenger RNA (mRNA) that 
is about ten times larger than the average 
eukaryotic mRNA. The mRNA translated 
300,000-dalton peptides, immunologically and 
chemically related to thyroglobulin. If total 
mRNA larger than 30S RNA is translated, it 
is possible to find 660,000-dalton material that 
cannot be reduced.50 However, the smaller 
thyroglobulin mRNA and thyroglobulin sub-
units reported in the past almost certainly 
represent nucleolytic and proteolytic cleavage 
products of the thyroglobulin 33S mRNA and 
thyroglobulin 300,000 proteins, respectively. 

A 12S subunit and a 27S dimer are usually 
observed on sucrose gradients.129 The 12S sub-
units (330,000 daltons) are held together by 
disulfide bridges as well as by noncovalent 
links. The number of disulfide bridges in
creases with the degree of iodination of thy
roglobulin with a resulting greater stability to 
the molecule.7 Although theoretically, it 
should be possible to determine the thyroglob
ulin protomere after reduction, alkylation, and 
treatment with denaturing agents, wide dis
crepancies exist in the various reports, ranging 
from 2 to 8 subunits of thyroglobulin.20 The 
most likely explanation for the smaller subunits 
is proteolysis of the 330,000 subunit. When 
thyroglobulin was purified in the presence of 

0.3 r 

figure 2-16. Sucrose gradient of membrane-bound 
thyroid polysomes, demonstrating peak of thyroglob-
ulin-synthesizing polyribosomes. (Redrawn from Dav-
ies, E., Dumont, J. E., and Vassart, Q.: Improved 
techniques for isolation of intact thyroglobulin-synthe-
sizing polyribosomes. Biochem. J. 172:228, 1978, 
with permission of The Biochemical Society, London.) 
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Figure 2-17. Biosynthesis of thyroglobulin. The flow 
of information is shown from the genomic DNA to the 
mature iodinated thyroglobulin molecule. The nuclear 
events include transcription of the thyroglobulin gene 
that contains putative intervening sequences (thin 
lines), addition of 7-methylguanosine at the 5' end of 
the thyroglobulin messenger RNA precursor (abbrevi
ated as CAP for capping), polyadenylation of the pre
cursor at its 3' end (abbreviated as AAA. . .A), and 
splicing of the intervening sequences from the pre
cursor (dotted loops) (mRNP = ribonucleoprotein). 
(Redrawn from Van Herle, A. J., Vassart, Q., and 
Dumont, J. E.: Control of thyroglobulin synthesis and 
secretion. New Engl. J. Med. 301:249, 1979, with 
permission.) 

inhibitors of endogenous protease activity, the 
major band of the reduced and alkylated pro
tein migrated in sodium dodecyl sulfate (SDS) 
gel electrophoresis was a peptide of about 
330,000 daltons.125 This would indicate that 
19S thyroglobulin is made up of two subunits 
of 330,000. Electron microscopic studies sug
gest that the thyroglobulin molecule is made 
up of two symmetric subunits. The suggestion 
has been made that there are two, nonidentical 
subunits each with a molecular weight of ap
proximately 330,000 daltons.168 

Despite the essential role, the number of 
tyrosine residues in thyroglobulin is not excep
tional. Amino acid analysis has been difficult 
because of blocked TV-terminal groups.97 How
ever, short segments, containing thyroxine 
groups, have been identified.45'122 Thyroglob
ulin contains thyroxine-rich iodopeptides of 

small molecular size (15,000 to 30,000). Al
though representing only 3 to 4% of thyro-
globulin's weight, these iodopeptides contain 
about 25% of the thyroxine.31'91,96 In nonio-
dinated preparations of thyroglobulin, there 
are ten free sulfhydryl groups, which disappear 
with increasing iodination of the molecule.123 

Conversion of 19S to 27S is thought to occur 
during the iodination of tyrosyl groups. The 
37S is a trimer of 19S and probably results 
from a similar kind of polymerization. 

Biosynthesis 
Analytic studies of thyroglobulin structure 
have been hampered by the large size of the 
basic subunit and by the susceptibility to pro-
teolytic enzymes.125 The emerging availability 
of cloned thyroglobulin DNA may solve many 
of the remaining mysteries that surround this 
giant molecule (Fig. 2-17).51 Studies of nucleic 
acid sequences, utilizing thyroglobulin mRNA 
and its complementary DNA (cDNA) have 
been helpful. Restriction studies of full-length, 
double-stranded cDNA have demonstrated 
that the two 330,000 dalton subunits are in fact 
identical.171 

In other proteins, correlations have been 
observed between gene exons and structural 
as well as functional domains (Fig. 2-18). 
Therefore, study of gene structure may lead 
to better knowledge about the structural or
ganization of thyroglobulin. The thyroglobulin 
gene has been localized on chromosome 8.169 

The entire gene for rat thyroglobulin has been 
isolated and contains at least 170,000 base 
pairs. The coding information is contained in 

Transcription Unit 
DNA 
in Γ" 
Chromosome 

\ 
Introns Λ 

/ 
Exons 

RNA processing removes 
introns and splices exons. 
Exons may specify différent 
functional units in protein. 

\ i / 
Figure 2-18. Fragmented gene with three coding 
regions. 
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9000 base pairs distributed in 42 exons. Both 
the 3' and the 5' ends of the thyroglobulin 
structural gene appear to be made of repetitive 
units, which do not show any homology to one 
another. Two major polypeptide sites for thy-
roxine synthesis are localized at the two ex
tremities of the molecule and do not show 
homology.107 Detailed studies of clones have 
indicated only one thyroglobulin gene per hap-
loid complement of the human genome. Thy
roglobulin mRNA has a half-life of more than 
20 hours so that transcription of the gene does 
not have to be extremely active despite the 
high rate of thyroglobulin synthesis.172 This 
gene appears to be the largest gene yet de
scribed and may be as large as 250 kilobases 
(kb). The intervening sequences or introns are 
very large, up to 15,000 base pairs and repre
sent as much as 90 to 95% of the gene.34 

The complete primary structure of bovine 
thyroglobulin has been derived from the se
quence of cDNA, constituting a peptide of 
relative molecular mass (Mr) 302,253.103 The 
amino acid sequence is characterized by a 
pattern of imperfect repeats derived from three 
cysteine-rich motifs. The amino terminal por
tion contains 10 repetitive domains, extending 
over about 60 amino acids. Over three quarters 
of the thyroglobulin sequence is involved in 
some type of repetitive structure, indicating 
that this enormous protein evolved from the 
multiplication of a limited number of smaller 
genetic units.33 95 103 

Four hormonogenic peptides have been lo
calized. Three of them are in the carboxy 
terminal end and one is in the amino terminal 
end. There is a remarkable conservation of the 
amino terminal domain and as much as 50% 
of the thyroxine in mature thyroglobulin may 
originate from this domain.98 

Post Translational Processing 

After translation on membrane-bound thyroid 
ribosomes, nascent thyroglobulin peptides of 
300,000 daltons are vectorially discharged into 
the cisternae of the endoplasmic reticulum.26 

This vectorial discharge occurs through a 
mechanism that involves an amino terminal 
signal peptide translated from the 5' end of 
the thyroglobulin mRNA that codes for hydro-
phobic amino acids.22 According to this signal 
hypothesis, the nascent thyroglobulin peptide 
should be synthesized in a "prepro" form. 
However, discrimination between "prepro" 
and "pro" thyroid hormone is almost impos

sible because the basic subunit has a molecular 
weight of 300,000. Small differences in this size 
range cannot be determined accurately. There
fore, the alternative approach is to dem
onstrate nascent thyroglobulin transfer and 
subsequent glycosylation across microsomal 
membranes in a cell-free system.52 In such a 
cell-free system, thyroglobulin was segregated 
into microsomal vesicles and core glycosylated 
as shown by increased protection against pro-
teolytic treatment.5 The data suggest that the 
signal peptide is removed and core glycosyla
tion occurs cotranslationally. (Details of fur
ther post translational processing have been 
discussed earlier in the chapter.) 

Defects in Thyroglobulin Synthesis 
Traditionally, inherited defects in thyroid hor
mone biosynthesis have been described in re
lation to iodine metabolism (Fig. 2-19). Con
genital defects in thyroid hormone biosynthesis 
have been viewed in terms of alterations of 
specific molecular mechanisms involved in thy
roid protein biosynthesis (Table 2-1).128 Simi
lar to the globin genes in thalassemia there 
will probably be a myriad of defects, inser
tions, deletions, and so forth, to explain the 
abnormal thyroglobulin.124 The major steps in 
the biosynthesis of thyroglobulin with possible 
corresponding inherited defects, the pheno-
typic effect on thyroglobulin production, and 
some possible examples of such defects are 
presented in Fig. 2-20. In this scheme, iodi-
nation is viewed as only part of the post 
translational modification of prothyroid hor
mone, although a very crucial part. 

Although the protein structure determines 
the iodination reaction, iodination in turn 
strongly affects protein structure. Conse
quently, any effect in the iodination mecha
nism is liable to make thyroglobulin appear 
abnormal with regard to subunit interactions 
and chain folding. Environmental factors, such 
as the available iodine supply, will affect the 
penetrance, the expressivity, and even the ap
parent mode of transmission of genetic defects 
in the thyroid. A rich iodine supply, for ex
ample, may hide partial deficiencies in the 
iodination of thyroglobulin. 

CONTROL OF THYROID HORMONE 
PRODUCTION 

This complex process to ensure a constant 
supply of iodothyronine also requires a com-
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Figure 2-19. Congenital de
fects in thyroid hormone bio
synthesis based on iodine utili
zation. 
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plex control system to ensure further that the 
thyroid gland is responsive to the body's need 
for thyroid hormone. Although the major sig
nal is thyrotropin, operating in a classic nega
tive feedback system, a number of other 
agents, including iodine, catecholamines, pros-
taglandins, epidermal growth factor, and so 
forth play a modifying role. 

The administration of thyrotropin stimulates 
the secretion of thyroid hormone within min
utes. This secretion is accompanied by a vari
ety of cellular responses, including glucose 
oxidation, phospholipid incorporation, iodide 
transport, protein synthesis, and glycosyla-
tion.43 TSH stimulation results in increased 
thyroid protein synthesis, including stimulation 
of thyroglobulin synthesis.85 Whether this is 
specific for thyroglobulin or reflects general 
thyroid protein stimulation is controversial.115 

The simultaneous stimulation of thyroglobin 
degradation has made it difficult to document 
the TSH stimulation of thyroid protein synthe
sis. These TSH effects may occur at both the 
transcriptional and translational levels. An in
crease in thyroglobulin mRNA has been dem
onstrated in response to TSH stimulation.30 

TSH has also been demonstrated to cause a 
threefold stimulation in thyroglobulin gene 
transcription.167 Forskolin activation of ade-
nylate cyclase could mimic TSH action on 
thyroglobulin gene transcription. With long-
term TSH administration there is an increase 
in both the size and number of follicular cells, 
hypertrophy and hyperplasia, and a marked 
increase in vascularization with large dilated 
capillaries. 

TSH ACTION 

Thyrotropin binds to specific receptors on the 
thyroid plasma membrane and activates ade-
nylate cyclase, which in turn catalyzes the 
formation of cAMP and in turn, the activation 
of protein kinase. The activated kinase cata
lyzes the phosphorylation of serine and threo-
nine groups on proteins.43 Which particular 
phosphorylated proteins are responsible for 
the various actions of TSH remain to be de
termined. Indeed, how much of TSH action 
occurs through cAMP and how much through 
other pathways have not been settled. 

TSH Binding to Receptors 
Thyrotropin binds to specific receptors on the 
surface of the thyroid plasma membrane in a 
reaction that is saturable and reversible with a 
high binding affinity constant.173 Receptor 
binding affinity is generally proportional to the 
potency of the ligand as an agonist,.16 "Specific 
binding" is determined by correction of the 
total amount of 125I-TSH remaining bound to 
the receptor by subtracting the 125I-TSH re
maining bound to the receptor in the presence 
of excess unlabelled TSH. "Nonspecific bind
ing" is the residual, nonsaturable binding (Fig. 
2-21). High affinity, limited capacity, specific 
binding interactions are described frequently 
as a Scatchard plot.119 This is the plot of an 
equation that describes the interaction of a 
hormone (H) with its receptor (R), which, at 
equilibrium, forms a complex (H-R) with a 
characteristic affinity constant K. 

The ratio of bound to free ligand is ex-
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Table 2-1. Congenital Defects in Thyroid Hormone 
Biosynthesis Based on Thyroglobulin Processing* 

*Reproduced from Salvatore, G., Stanbury, J. B., and 
Rail, J. E.: Inherited defects of thyroid hormone bio
synthesis. In: de Visscher, M. (ed.): The Thyroid Gland. 
New York, Raven Press, 1980, with permission. 

pressed as a function of bound ligand that 
yields a line in which the negative slope is 
equal to the binding affinity constant and in 
which the abscissa intercept is equal to the 
number of binding sites. There has been con
troversy as to whether one or two classes of 
TSH binding sites exist on the thyroid plasma 
membrane.118 TSH receptor binding studies 
have been performed under highly variable 
conditions, which greatly affect total TSH 
binding to thyroid membranes and cells. There 
appear to be two classes of TSH binding sites, 
but at physiologic pH and temperature in the 
presence of 50 mM NaCl, the high affinity site 
is measured and probably reflects the biologi
cally relevant TSH receptors117 (Fig. 2-22). 

The physiologic relevance of two binding 
sites observed under different binding condi
tions is not clear. The low affinity site is only 

sensitive to TSH at pharmacologie concentra
tions, is relatively nonspecific, and is predom
inant under nonphysiologic conditions. The 
high affinity site is likely to represent the 
biologically relevant TSH receptor in view of 
its sensitivity to physiologically obtainable 
TSH concentrations (10 1 2 to 10-10M) and pre
dominance under physiologic incubation con
ditions. 

One of the major questions to be answered 
is whether all these sites represent true recep
tors with functional significance or merely hor
mone binding sites. TSH has also been found 
to bind to fat and testis membranes.6,69 There 
are data to support the hypothesis that these 
are true receptors as evidenced by TSH stim
ulation of cAMP in fat and testis membranes. 
Binding of TSH to fat membranes has been 
used to purify radiolabelled thyroid stimulating 
immunoglobulins for use in binding studies to 
thyroid membranes. Since the fat membranes 
do not contain thyroid antigens, they have also 
been used to study thyroid-stimulating immu-
noglobulin binding. Thyroglobulin has been 
shown to inhibit TSH binding, raising the 
question whether thyroglobulin may have a 
regulatory effect on TSH binding.75 

Gangliosides have been suggested to play a 
role in the interaction of TSH with specific 
receptors on the thyroid plasma membrane.90 

TSH is thought to bind to the glycoprotein 
component of the receptor through the beta 
subunit and then to undergo a conformational 
change in which the alpha subunit penetrates 
the membrane and activates adenylate cyclase. 
This latter step is thought to be mediated by 
the ganglioside component of the receptor.4 

However, when the role of gangliosides in TSH 
binding to thyroid cells was studied under 
physiologic conditions in which the affinity to 
TSH was high and compared with activation 
of adenylate cyclase, the findings could not be 
duplicated.18 

After binding to the receptor and activating 
adenylate cyclase, TSH undergoes receptor 
mediated endocytosis.11 Fluorescent labelled 
TSH bound specifically to diffusely distributed 
membrane receptors that subsequently formed 
visible patches, which were internalized and 
degraded. Whether receptor-mediated endo
cytosis has any significant role other than deg
radation is not clear. Maximal thyroid cAMP 
production in response to TSH occurred before 
internalization. However, down regulation of 
TSH receptors in response to TSH stimulation 
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Possible Genetic Defects in Thyroglobul in Synthesis 
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Eigure 2-20. Possible genetic defects in thyroglobulin synthesis. (Reproduced from Salvatore, G., Stanbury, J. 
B., and Rail, J. E.: Inherited defects of thyroid hormone biosynthesis. In deVisscher, M., ed.: The Thyroid Gland. 
New York, Raven Press, 1980, with permission.) 
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Figure 2—21. Specific and nonspecific binding of hor
mones to receptors. Data shown in the saturation plot 
(A) have been replotted by Scatchard analysis (B). 
Total binding in the system (dashed line) is the sum 
of receptor ligand complexes (solid line) and nonspe
cific binding (dotted line). (Redrawn from Clark, J. ft 
and Peck, E. J., Jr.: Female sex steroids: Receptors 
and function. In Gross, F., et al., eds.: Monographs 
on Endocrinology, Vol. 14. New York, Springer Verlag, 
1979, with permission.) 

has been considered to relate to the receptor-
mediated endocytosis.71 

A particularly interesting question is 
whether internalized peptide hormones in 
some instances circumvent the need for an 
intracellular messenger.98 The discovery of in-
tracellular hormone binding sites has led to 
speculation that peptide hormones mediate 
their diverse effects on cells through different 
molecular pathways. Internalization of the hor
mone, transport to a particular organelle, and 
binding to a high affinity receptor might elicit 
a particular cellular response. 

Activation ofAdenylate Cyclase and 
cAMP Stimulation 
A close relationship exists between TSH bind
ing and activation of adenylate cyclase in thy
roid plasma membranes (Fig. 2-23). Adenyl
ate cyclase activity of thyroid membranes is 
stimulated by the addition of guanosine tri-
phosphate.43 '44 Therefore, activation of ade-
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Figure 2-22. Scatchard analysis of thyroid-stimulating 
hormone (TSH) binding demonstrates two apparent 
affinity constants, calculated from the limiting tan
gents. The inset shows the initial part of the plot on 
an expanded scale. (Redrawn from Pekonnen, F. and 
Weintraub, B. D.: Thyrotropin receptors on bovine 
thyroid membranes: Two types with different affinities 
and specificities. Endocrinology 105:357, 1979, with 
permission.) 

nylate cyclase in the thyroid similar to other 
tissues appears to involve a guanosine triphos-
phate (GÎT) binding unit, which controls the 
activity of the catalytic unit (Fig. 2-24).154 

TSH activation of adenylate cyclase leads to 
increased cAMP formation and in turn to the 
activation of protein kinase.44 The cAMP binds 
to the regulatory subunit, which dissociates 
leaving an active catalytic subunit. The cAMP-
dependent protein kinases are present in the 
thyroid and have characteristics similar to 
those in other tissues. Three peaks of protein 
kinase activity have been found in the thyroid 
(Fig. 2-25). Peak I and peak II are stimulated 
by cAMP, while peak III is cAMP indepen
dent.144 

The two cAMP-dependent protein kinase 
isoenzymes have identical catalytic subunits 
while their regulatory subunits are distinct. 
Only the regulatory subunits of the type II 
kinase can be phosphorylated by an extramo-
lecular mechanism, and only the type I kinase 
is present in thyroid membranes.161 If particu
lar enzymes have an important role in the 
rapid phosphorylation of some membranous 
proteins, kinase I is better suited because it 
dissociates more easily. The concentration of 
cAMP required for half-maximal activation of 
protein kinase A is 10 -7 to 10~8M. These 

concentrations are not dissimilar to resting 
cAMP concentrations found in the thyroid and 
suggest that cAMP may be compartmental
ized.143 Purified thyroid cAMP-dependent pro
tein kinases are half-maximally activated at 
cAMP concentrations between 4 x 10~8 and 
9 x 10-8M.n 183 The resting intracellular cAMP 
concentration approximates 3 x 10~7M. If all 
the cAMP were free to act on the kinase in 
the thyroid, there would be activation of all 
protein kinase activity in the thyroid. Com
partment alization implies different roles, and 
interestingly TSH stimulates organification of 
iodide in the absence of kinase II. 

TSH stimulates an increase in protein kinase 
A activity.143 183 The time course and dose 
response relationships of TSH activation of 
protein kinase A are compatible with the con
cept that the cAMP-mediated effects of TSH 
are a consequence of changes in the kinase A 
enzyme activity. Despite impressive evidence 
that effects of TSH are expressed through 
activation of protein kinase, specific substrates 
for this enzyme that affect cell function have 
not been identified in the thyroid. The cAMP-
dependent protein kinase catalyzes the phos
phorylation of serine and threonine groups. 
While it is possible to demonstrate phosphor
ylation of a variety of thyroid proteins, evi
dence is lacking that these proteins are respon
sible for the TSH-induced changes. One of the 
major TSH effects is pseudopod formation and 
thyroid hormone secretion.84 Pseudopod for
mation is the most rapid TSH effect and the 
first step in secretion and always follows the 
rise in cAMP. TSH stimulation results in the 
phosphorylation of a 26,000 dalton thyroid 
contractile protein.87 However, there is no 
proof that this is the mechanism of TSH action. 
In fact, with high resolution, two-dimensional 
gel electrophoresis, TSH stimulation of phos
phorylation can be demonstrated with at least 
eight peptides.89 146 Within the thyroid nucleus, 
TSH also stimulates the phosphorylation of 
histones HI and HII37 and certain nonhistone 
chromosomal proteins. 

Until recently, much less attention has been 
paid to the cAMP independent kinase, protein 
kinase C.19'112 Protein kinase C is activated by 
diacylglycerol, transiently produced from in-
ositol phospholipids. In general, this turnover 
of membrane phospholipids is associated with 
an increase in the intracellular concentration 
of calcium, which appears to mediate a number 
of physiologic responses. The activation of 
protein kinase C and the effects that result 
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Figure 2—23. Correlation between thyroid-stimulating hormone (TSH) binding and activation of adenylate cyclase 
in thyroid plasma membranes. (Redrawn from Field, J. B.: Thyroid-stimulating hormone and cyclic adenosine 
3',5' monophosphate in the regulation of thyroid gland function. Metabolism 24:381, 1975, with permission.) 

from protein phosphorylation on serine and 
thionine groups appear to be distinct from 
those effects brought about by an increase in 
intracellular calcium. Protein kinase C is pres
ent in the thyroid but the role it plays in the 
modulation of thyroid function is unclear (Fig. 
2-26).79 

The mechanism of action of calcium is dif
ferent from other metal ions and closer to the 
regulatory activity of cyclic nucleotides. The 
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Figure 2 - 24. Mechanism of thyroid stimulation by 
thyrotropin and thyroid-stimulating hormone (TSH) 
receptor antibodies. (Redrawn from Baxter, J. D. and 
Funder, J. W.: Hormone Receptors. Hew Engl. J. Med. 
301:1149-1161, 1979, with permission.) 

specificity of cAMP is determined by receptors 
that elevate the cyclic nucleotide and sub
strates available for the cAMP-dependent pro
tein kinase. A calcium binding protein, cal
modulin, has been identified that is capable of 
binding the estimated intracellular free cal
cium.101 Amplification of a calcium signal, sim
ilar to the AMP signal, could be accomplished 
though the activation of specific protein kin-
ases. Calmodulin levels in the cell do not 
appear to be regulated by trophic hormones. 
The regulation of calmodulin-mediated en
zymes appears to be due to alterations in the 
net flux of calcium rather than to changes in 
the cellular content of calmodulin. 

Prostaglandins 

Prostaglandins, especially PGE, have been 
shown to mimic a number of the effects of 
TSH on the thyroid, including activation of 
adenylate cyclase, iodide trapping and organi-
fication, glucose oxidation, colloid droplet for
mation, and iodide release.24' " Prostaglandin 
concentrations in isolated thyroid cells are in
creased by the addition of TSH, perhaps 
though stimulation of inositol phospholipids, 
which results in increased arachidonic acid. 
However, the exact relationship between pros-
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Figure 2—25. Peaks of protein kinase activity in the 
thyroid. The dotted line indicates assays performed in 
the presence of cyclic AMP and the solid line indicates 
assays performed in the absence of cyclic AMP. The 
change in the phosphate gradient is indicated by the 
change in osmolarity, shown as a dashed line. Activity 
is expressed as cpm incorporated into 30 μg of his-
tone/5 minutes ' incubation. (Redrawn from Spaulding, 
S. W. and Burrow, Q. N.: Several adenosine 3 ' , 5 '-
monophospha te -dependent protein kinases in the 
thyroid. Endocrinology 91:1343-1349, 1972, with 
permission.) 

taglandins and cAMP in modulating TSH ef
fects remains controversial." 159 PGE, similar 
to TSH, increased cAMP-dependent protein 
kinase activity in the thyroid.142 However, 
prostaglandin synthesis is not necessary for 
TSH action. In addition to the cyclooxygen-
ases, such as PGE and PGF, lipoxygenases, 
such as leukotrienes, may play a role in mod
ulating thyroid function.74 Interrelationships 
between prostaglandins and protein kinases 
are shown in Figure 2-26. 

Down Regulation 

Although the diverse metabolic effects of TSH 
may be mediated through cAMP, less is known 
about the mechanisms that terminate TSH 
action. The thyroid gland becomes refractory 
to subsequent TSH stimulation after exposure 
to TSH for a period of time.67 139 Although the 
suggestion of down regulation of TSH recep
tors has been raised, this has not been con
firmed.64 158 Thyroid desensitization to TSH is 

associated with decreased adenylate cyclase 
activity as well as with inhibition distal to 
cAMP generation. The suggestion has been 
made that TSH desensitizes by adenosine di-
phosphate (ADP) ribosylation. Nicotinamide-
adenine dinucleotide (NAD+) serves as a sub
strate in nonoxidative reactions in which ADP-
ribose is bound to cellular substances.66 The 
presence of nicotinamide, which blocked ADP 
ribosylation, inhibited the desensitization phe
nomenon. Whether desensitization plays a 
physiologic role remains to be determined. 

Other Actions 

Iodine 
In excess, iodide may block its own accumu
lation in the thyroid, i.e., the Wolff-Chaikoff 
effect.178 In addition, iodide can block TSH-
mediated cAMP accumulation.170 Drugs that 
block iodide trapping and oxidation, such as 
perchlorate and methimazole, prevent this in
hibition. The effect appears to occur at the 
level of cAMP synthesis. The suggestion has 
also been made that short loop, negative feed
back exists whereby thyroid hormones directly 
inhibit their own secretion.64 However, proof 
is lacking. 

Catecholaminergic and Cholinergic 
Stimulation 
Although catecholamines can be demonstrated 
to have effects on the thyroid, the physiologic 
importance remains to be determined. Cate
cholamines increase colloid droplet formation 
and thyroid hormone release in non-TSH stim
ulated glands.102 The ß-adrenergic agonists ac
tivate adenylate cyclase and stimulate thyroid 
protein kinase activity.143 Catecholamines also 
effect blood flow to the thyroid. 

Acetylcholine increases the calcium level in 
the thyroid cell, which increases cyclic guano-
sine monophosphate (cGMP) levels. A physi
ologic role for cGMP and guanylate cyclase 
has been postulated.29 The acetylcholine-cal-
cium system exerts a negative control on 
cAMP and in turn on thyroid hormone secre
tion by an effect on the disappearance of 
cAMP.43 However, cGMP levels can be stim
ulated without affecting cAMP levels.29 

Growth Effects 
TSH traditionally has been thought to stimu
late growth of the thyroid as well as differen-



THYROID HORMONE BIOSYNTHESIS 35 

Interrelationships between protein kinases A + C, inositol phospholipids 
and prostaglandins 
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Figure 2—26. Relationships a m o n g protein kinases A and C, inositol phospholipids, and prostaglandins. 

dation, e.g., goiter formation. However, fur
ther data from thyroid cells grown in culture 
in the absence of serum raise questions about 
this concept in sheep cells in primary culture.176 

Epidermal growth factor but not TSH has been 
demonstrated to stimulate growth of cultured 
thyroid cells.49' 175 Interestingly, epidermal 
growth factor inhibited differentiation, i.e., 
iodination, while promoting growth.184 This 
stimulation of growth may not be modulated 
by cAMP-dependent protein kinases. Phorbol 
esters, which activate protein kinase C by 
substituting for diacylglycerol, also stimulate 
growth in cultured thyroid cells.13 Ovine thy
roid cells in primary culture have been shown 
to produce the insulin-like growth factors, 
IGF-I and IGF-II, and the production of these 
growth factors was stimulated by TSH.5194 The 
possibility exists that TSH may not stimulate 
growth directly but rather a growth-promoting 
effect may be produced by intermediary 
growth factors or by involving cells more re
sponsive to circulating growth factors, such as 
epidermal growth factor.49'175 

The poly amines, spermine and spermidine, 

and their biosynthetic precursor putrescine 
have been demonstrated to accumulate in rap
idly developing cells in concert with increases 
in nucleic acids. The rate limiting step in 
polyamine synthesis is the formation of putres
cine from ornithine, which is catalyzed by the 
enzyme ornithine decarboxylase. TSH in
creases ornithine decarboxylase activity in the 
thyroid and this is mimicked by the adminis
tration of dibutyryl-cAMP.130-131·184 
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The prolonged half-life of thyroid hormones 
in the circulation means that minute-to-minute 
control of thyroid hormonal secretion is not 
necessary. Unlike insulin secretion, for exam
ple, thyroid hormone secretion can be modu
lated in a much more stately manner. How
ever, there are control systems and, in fact, 
layers of systems that modulate thyroid hor
mone secretion.122 The primary feedback 
mechanism involves thyroid hormone, thyro-
tropin, and thyrotropin-releasing hormone 
(TRH). However, somatostatin, dopamine, 
and estrogens also play a role, as do catechol-
amines. These control mechanisms are not 
simply matters for the neuroendocrinologist to 
study but are clinically important. 

The concept of pituitary control of the thy
roid gland dates to 1851 when the observation 
was made that cretins had enlarged pituitary 
glands. Approximately 50 years ago, the basic 
control of the thyroid was postulated to oper
ate through a servomechanism.4'77 The neu-
rovascular hypothesis of Green and Harris has 
been superimposed on this control mechanism, 
allowing modification of the thyroid-pituitary 
feedback system by the central nervous sys
tem.66 

THYROID-STIMULATING HORMONE 

Thyrotrophs are located predominantly in the 
anteromedial portion of the pituitary136 and 
constitute about 5% of anterior pituitary 
cells.48 These cells produce about 165 mU/day 
of TSH.128 The plasma clearance rate of TSH 
has been estimated at 50 ml/min.154 TSH or a 
TSH-like substance also has been reported to 
be produced by lymphocytes.181 

TSH Secretion 
TSH secretion results in a variety of thyroid 
effects, including thyroid hormone secretion 
and thyroid gland growth. Since serum thyroid 
hormone concentrations are fairly steady, 
serum TSH concentrations are relatively con
sistent, and, unlike follicle-stimulating hor
mone (FSH) or luteinizing hormone (LH), 
useful clinical information can be obtained 
from a solitary blood sample drawn at any 
time. Minimal diurnal variation occurs in 
serum TSH concentrations with a small in
crease between 11 p.m. and 1 a.m., with the 
rise beginning before sleep induction.37202 The 
lowest TSH concentrations occur about 11 
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a.m. Interestingly, the circadian variation dis
appears in patients with severe hypothyroid-
ism.203 How the circadian rhythm for TSH 
occurs is unclear. The changes are not due to 
hemoconcentration, and possibilities have in
cluded a cortisol effect or release from dopa-
mine inhibition.169' 203 There is evidence to 
suggest that TRH controls the TSH rhythm in 
the rat, which has a well-characterized circa
dian rhythm. 

Exposure to cold increases serum TSH con
centrations in neonates but not in adults.52 

Small increases in plasma TSH concentrations 
in adults have been reported after 2 hours 
of cold exposure and after a week in the 
Arctic.64 13° Warming decreases serum TSH 
concentrations in hypothyroid patients perhaps 
by increasing peripheral metabolism.130 

The serum TSH concentration remains con
stant throughout adult life.146 A decreased TSH 
response to TRH has been reported for elderly 
males but not females.7 Some of the difference 
might be explained by concomitant nonthy-
roidal illness, but this would not explain the 
difference in response between men and 
women.185 Hypothyroidism is not uncommon 
among the elderly, and this finding indicates 
that serum TSH concentration is a valid meas
ure in the healthy geriatric patient.36 

Nonthyroidal Acute or Chronic Illness. Signif
icant illness produces changes in peripheral 
thyroid hormone metabolism (see Chapter 6) 
that cause major difficulties in the interpreta
tion of thyroid function tests.200 As a result of 
impaired conversion of T4 to T3 as well as 
reduced hepatic uptake of T4, the serum T3 
concentration decreases relative to the serum 
T4 concentration.171 In this clinical setting the 
ability to diagnose hypothyroidism becomes 
very difficult but very important. The serum 
TSH concentration may not be elevated in 
these situations, since critically ill patients may 
also receive corticosteroids or dopamine, 
which suppresses TSH secretion.91 The TSH 
response to TRH has been variably reported 
to be normal or suppressed.24-57 However, TSH 
regulation appears to be abnormal in these ill 
patients, and a normal serum TSH concentra
tion may not exclude the possibility of hypo
thyroidism.114 Fasting induces changes in pe
ripheral thyroid hormone metabolism and 
blunts the TSH response to TRH. Conceiva
bly, with diminished caloric intake, serum TSH 
concentrations in critically ill, mildly hypothy
roid patients would not be elevated.19 In fact, 
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with critically ill patients, it may be impossible 
to accurately determine thyroid function. 

The clearance rate of TSH depends on the 
level of thyroid function not on the presence 
or absence of thyroid tissue. TSH is metabo
lized in peripheral tissues, mostly in the kidney 
or liver. The thyroid gland is not a major site 
of TSH degradation. TSH secretion has been 
well studied in patients with chronic renal 
disease. The serum TSH concentration is nor
mal, and the TSH response to TRH is fre
quently blunted with a delayed peak re
sponse.90' 107 This delay in response has been 
attributed to the decreased renal clearance of 
TSH or TRH.38 

Iodinated contrast agents, such as iopanoic 
acid used for cholecystography, also block the 
iodination of thyroid hormones similar to that 
seen in acute and chronic illness.213 Subsequent 
to the decrease in serum T3 concentration, 
there is an increase in the serum TSH concen
tration and the TSH response to TRH.93' 192 

This increased response differs from that in 
fasting and nonthyroidal illness in which the 
reduction in the peripheral conversion of T4 to 
T3 is accompanied by a lower set point of TSH 
secretion.53 

Assay of TSH 

The development of antibodies to human TSH 
in laboratory animals provided the means to
wards development of a specific radioimmuno-
assay for human TSH.129 This radioimmu-
noassy for TSH permitted the separation of 
abnormal elevated serum TSH concentrations 
from normal TSH concentrations. However, 
separation between normal and low concentra
tions of TSH, e.g., hyperthyroidism, has been 
difficult. Serum TSH concentrations with stan
dard assays are below the limits of detectability 
in 10 to 30% of euthyroid individuals.159 How
ever, the assay can be modified to determine 
serum TSH concentrations in the low range, 
and this type of assay will assume increasing 
importance.96 

Human TSH is necessary for maximum sen
sitivity of the assay since TSH has structural 
species specificity. In addition, anti-TSH sera 
generally react to some degree with other 
glycoprotein hormones, such as LH, FSH, and 
human chorionic gonadotropin (hCG), since 
all of these hormones have a similar alpha 
subunit. The sera must be absorbed with a 
source of alpha subunit, usually hCG. Suffi
cient specificity can be achieved to demon-
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strate that pregnant women with increased 
hCG and postmenopausal women with in
creased LH have normal serum TSH concen
trations.17 With such an assay, most but not all 
normal individuals have detectable amounts of 
TSH in their sera. The normal values in stan
dard assays range from less than 1 mU/L to 10 
mU/L. TSH iodinates easily because of a high 
tyrosine content and preparations of high spe
cific activity are easily obtained. Reasonable 
specificity towards TSH is obtained because a 
large portion of the antibodies raised against 
purified TSH are directed towards the beta 
subunit. Antisera against the beta subunit 
show only slight cross-reactivity against other 
glycoprotein hormones.16 Antisera against 
both alpha and beta subunits of human TSH 
also have been raised that demonstrate low 
cross-reactivity towards intact TSH and allow 
assay of the individual subunits.100 

Serum TSH concentrations of 2 to 3 mU/L 
in standard assays may be either normal or 
low, depending on the conditions of the assay. 
The TRH test might be considered to increase 
the sensitivity of the TSH assay in the lower 
ranges. The TRH test helps to determine 
whether the value of 2 to 3 mU/L is normal or 
low, depending on whether there is a TSH 
response to TRH. 

The sensitivity of the assay can be increased 
to measure low values of serum TSH.96 Thus, 
instead of being useful only in the diagnosis of 
primary hypothyroidism, a sensitive TSH de
termination may become the single best indi
cator of abnormal thyroid function and render 
the TRH stimulation test obsolete. For this 
change to occur, there must be a low detection 
threshold, good precision in measuring low 
concentrations, and a measurable lower limit 
for the normal range.733 The lower normal limit 
of the sensitive TSH value is about 0.4 mlU/L 
with an assay detection limit of 0.06 mlU/L. 
The TSH concentrations in most clinically thy-
rotoxic patients are suppressed to undetectable 
levels.24* 186a A sensitive TSH assay would also 
be helpful in monitoring TSH suppression in 
patients with thyroid carcinoma who are re
ceiving thyroxine therapy.1043 

Radioreceptor assays are also possible and 
of particular interest because the thyroid-stim
ulating immunoglobulin is presumably an an
tibody to the TSH receptor.180 There have been 
several reports of immunoreactive but biolog
ically inactive TSH.49 180 There is a highly 
sensitive bioassay available based on cytofluo-
rometry, which is more sensitive than any 

radioimmunoassay for TSH and can detect 
TSH values to 10~15 M.17 135 This cytofluoro-
metric bioassay also detects thyroid-stimulat
ing immunoglobulins but the time course is 
slower than that for TSH. 

Primary Thyroid Gland Failure 

With thyroid gland failure, for whatever rea
son, accompanied by decreased serum concen
trations of T4 and T3, the serum TSH concen
tration increases in a reciprocal manner. The 
amount of increase in the serum TSH concen
tration is widely variable, ranging from 10 to 
1000 mU/L (Fig. 3-1). The increases are due 
to both increased pituitary production and 
decreased metabolic clearance rate.96 The ab
solute level of serum TSH correlates neither 
with severity nor with duration of the hypothy
roidism.116 

Interestingly, hypothyroidism itself inhibits 
pituitary function, including TSH secretion. 
Administration of subphysiologic doses of tri-
iodothyronine to hypothyroid patients resulted 
in a decrease in basal serum TSH concentra
tion but a significant increase in the serum 

500 h 

^ 3 0 0 f 
_ i 
ID 

X 200 
C/D 

E 150 

$ 100 

>(848) 

• • 
* <T 
s ^ 

Figure 3—1. Range of serum thyroid-stimulating hor
monal (TSH) concentrations in normal subjects and in 
patients with thyroid disease. (Redrawn from Spauld-
ing, S.W. and Utiger, R.D.: The thyroid: Physiology, 
hyperthyroidism, hypothyroidism, and the painful thy
roid. In Felig, P., et al. eds.: Endocrinology and Me
tabolism. Mew York, McGraw-Hill Book Co., 1981, with 
permission.) 
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TSH response to TRH administration.152 In 
patients with pituitary or hypothalamic hypo-
thyroidism, the serum TSH concentrations are 
usually undetectable. A decreased serum thy
roid hormone concentration in conjunction 
with an elevated serum TSH concentration 
confirms the diagnosis of primary hypothyroid-
ism. Possible exceptions to this statement 
would include the production of an immuno-
reactive but biologically inactive TSH 49 188 and 
several instances of hypothalamic hypothyroid-
ism with elevated serum TSH concentra
tions.79' 132 

In the absence of prior ablative therapy, 
e.g., surgery and radioactive iodine, the most 
common cause of primary hypothyroidism is 
Hashimoto's thyroiditis. Patients with primary 
hypothyroidism also have increased circulating 
alpha and beta subunits of TSH, which come 
from pituitary secretion.99 However, these rep
resent only a small percentage of the serum 
TSH concentration. 

Thyroid Hormone Replacement 
Therapy 
Unlike a number of endocrine-deficiency states 
where the exact hormone replacement cannot 
be given, e.g. estrogen, thyroid hormone can 
be replaced, but the ratio of thyroxine and 
triiodothyronine is controversial. Initially, hy-
pothyroid patients were given replacement 
therapy with desiccated thyroid hormone, 
which more or less mimicked the ratio of the 
two hormones in the thyroid gland. Subse
quently, most of the triiodothyronine in the 
serum was found to result from the peripheral 
deiodination of thyroxine (see Chapter 4). 
Studies indicated that some tissues required 
normal plasma concentrations of both T4 and 
T3 for optimal replacement therapy, and this 
goal could not be achieved with desiccated 
thyroid.106 Furthermore, the rapid absorption 
of T3 contained in desiccated thyroid and lio-
trix resulted in transient elevations in serum 
T3 concentrations associated with symptoms in 
some patients.83-158 16° 213 

Patients who received L-thyroxine as hor
mone replacement did not experience similar 
fluctuations in serum triiodothyronine concen
trations.160 A replacement dose of 2.25 μgm of 
T4/kg of body weight in 44 patients was asso
ciated with a mean serum T4 concentration of 
8.1 μgm/dl (104 nmol/L) and a mean serum T3 
concentration of 130 ng/dl (2.0 nmol/L).189 

Comparable values in euthyroid patients were 

91 nmol/L and 2.1 nmol/L, respectively. Only 
two patients had elevated serum thyroxine 
concentrations with this dose of L-thyroxine. 
Patients rarely require more than 0.1 to 0.15 
mg daily for thyroid hormone replacement.127 

Hormone replacement therapy in patients with 
primary hypothyroidism should be monitored 
clinically and with serum TSH determinations. 
However, a normal serum standard TSH de
termination does not exclude the possibility of 
excess L-thyroxine replacement, and the con
centrations of both serum T4 and T3 are helpful 
in monitoring therapy.161212 The sensitive TSH 
assay should be helpful in this regard. 

TSH Suppression in Thyroid 
Malignancy 
Although a serum TSH concentration in the 
normal range may be sufficient for replacement 
therapy, the goal in thyroid malignancy is to 
decrease TSH secretion as much as possible. 
Total suppression of TSH secretion may not 
be possible despite toxic doses of L-thyroxine. 
However, TSH may stimulate growth in thy
roid malignancies and as complete suppression 
as possible without inducing thyrotoxicosis 
seems a reasonable goal. Patients are placed 
on 0.15 mg of L-thyroxine, and the TSH re
sponse to TRH is tested76 or the sensitive TSH 
assay is utilized. If there is any TSH response 
to TRH the dose of L-thyroxine is increased 
by 0.05 mg and the patient retested 4 weeks 
later.47 The sensitive TSH assay would ob
viously be easier. This process should be con
tinued until no TSH response occurs or thy-
rotoxic symptoms develop. In patients with 
uncontrolled metastatic thyroid carcinoma, 
consideration could be given to hypophysec-
tomy to eliminate any TSH secretion. 

Decreased Functioning Thyroid Mass 
Elevated serum TSH concentrations have been 
reported in apparently euthyroid individuals, 
particularly in those with Hashimoto's disease 
or treated Graves' disease.15100 Patients were 
categorized according to increasing severity of 
thyroid disease, based on serum T4 concentra
tions (Table 3-1). Patients in groups I and II 
may have elevated serum TSH concentrations 
without detectable clinical evidence of hypo
thyroidism. Whether these individuals are truly 
hypothyroid remains unclear. This finding 
would occur only when thyroid gland function
ing capacity is decreased.208 
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Table 3 - 1 . Hypothyroid Patients Classified by Severity on Basis of Serum T4 Concentration* 

Group 

Control 

I 
II 

III 
IV 

T4 (nmol/L) 

9 1 ± 
11.5 

7 7 - 1 1 5 
5 1 - 7 7 
2 5 - 5 1 

25 

T3 (nmol/L) 

1.7 ± 0.4 

1.8 ± 0.6 
1.6 ± 0.3 
1.5 ± 0.5 
0.6 ± 0.4 

Basal 

1.3 ± 0.5 

5.3 ± 2.3 
13 ± 10 
63 ± 56 

149 ± 144 

TSH (mü/L) 

After TRH (200 \Lgm) 

11 ± 4.6 

39 ± 15 
92 ± 50 

196 ± 120 
343 ± 326 

*From Larsen, P. R.: Thyroid-pituitary interaction: Feedback regulation of thyrotropin secretion of thyroid 
hormones. N. Engl. J. Med. 306:23, 1982, with permission. 

The important question is at which point 
patients should be treated with thyroid hor
mone. To wait for them to develop sympto
matic hypothyroidism is almost certainly too 
late. A number of clinicians prescribe replace
ment doses of thyroxine in patients without 
complications who have definite elevated 
serum TSH concentrations greater than 15 to 
20 mU/L despite normal serum T3 concentra
tions.106 This approach is based on the un-
proven consequences of a long-term elevation 
of the plasma TSH concentration and the fact 
that replacement therapy is relatively nontoxic. 
Certainly, if the patient is not treated, she 
should be followed closely. Hypothyroid pa
tients may not seek medical advice nor com
plain enough to be brought to medical atten
tion. 

Prolactin Hypersécrétion in Primary 
Hypothyroidism 
Administration of TRH increases prolactin se
cretion, which may occur spontaneously in 
patients with primary hypothyroidism. In pre-
menopausal women with long-standing hypo
thyroidism, galactorrhea and enlargement of 
the sella turcica may occur. This clinical picture 
may be easily mistaken for prolactinoma if the 
hypothyroidism is not recognized. During a 
consultation, I saw a patient with an enlarged 
sella and a serum prolactin concentration of 
50 μgm/L who had been referred to a neuro-
surgeon for transphenoidal hypophysectomy. 
A decision was made to proceed with the 
surgery without waiting for the test results 
despite clinical suspicion of mild hypothyroid
ism. A TRH test was done preoperatively, and 
she was started on L-thyroxine 0.1 mg daily. 
Histologie examination of the pituitary was 
initially interpreted as chromophobe adenoma. 
However, after the serum TSH concentration 
was found to be 350 mU/L preoperatively, 

immunoperoxidase staining revealed thyro
troph hyperpiasia (Fig. 3-2). 

Enlargement of the sella turcica has also 
been reported in long-standing endemic cretin
ism.119 Basal serum TSH concentrations have 
been found to be elevated (4.4 ±0.5 vs. 
2.5 ±0.2 mU/L) in patients with hyperprolac-
tinemia without evidence of thyroid disease.45 

This hypothesis is compatible with a concept 
of reduced dopaminergic tone as the cause of 
both the elevated serum prolactin and serum 
TSH. However, the hypothesis has been ques
tioned.15 155 
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Figure 3-2. Pituitary thyrotroph hyperpiasia mimick
ing prolactin-secreting adenoma. (Reproduced from 
Khalil, A., et al.: Pituitary thyrotroph hyperpiasia mim
icking prolactin-secreting adenoma. J. Endocrinol. In
vest. 4:402, 1984, with permission.) 
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Secondary and Tertiary Hypothyroidism 
Hypothyroidism may also occur because of a 
defect at the pituitary or at the hypothalamic 
level. 

Pituitary Hypothyroidism 

The most common cause of secondary hypo
thyroidism is either a pituitary tumor, involv
ing more than 75% of the pituitary, or Shee-
han's syndrome. Postpartum hemorrhage with 
pituitary infarction has occurred in a myxede-
matous woman.175 Patients with isolated TSH 
deficiency have been reported, and it is 
likely that there are a variety of abnormalities 
that correspond to the steps in TSH biosyn
thesis.193209 Abrupt cessation of thyroid hor
mone therapy in a euthyroid patient on sup-
pressive therapy may result in transient 
hypothyroidism (Fig. 3-3). Whether this effect 
is due to pituitary or hypothalamic suppression 
is not clear but is transient. TSH suppression 
may also follow the development of antibodies 
to multiple injections of bovine TSH.74 

Serum thyroxine and triiodothyronine con
centrations are decreased. Basal serum TSH 
concentrations are not elevated. Standard TSH 
determinations do not distinguish between nor
mal and low values, and the TRH test is 

required to make the diagnosis. In a large 
group of growth hormone deficient children, 
one third of clinically euthyroid children had 
abnormal TSH responses to TRH.120 In chil
dren known to have structural damage to the 
hypothalamic-pituitary axis, more than half 
had abnormal TSH responses. Treatment of 
pituitary hypothyroidism may be complicated 
by the presence of other pituitary deficiencies. 
Thyroxine replacement therapy in a patient 
with concomitant adrenal insufficiency may 
precipitate an addisonian crisis by enhance
ment of steroid catabolism.118 

Hypothalamic Hypothyroidism 

With the availability of the TRH test, a num
ber of patients with hypothalamic pituitary 
hypothyroidism have been reported with hy
pothyroidism, nonelevated serum TSH con
centrations, but a relatively normal TSH re
sponse to TRH.50'132'139 The majority of these 
cases have been thought to represent TRH 
deficiency. The suggestion has been made that 
prolonged and exaggerated TSH response to 
TRH with a delayed poor response would 
differentiate pituitary from hypothalamic dis
ease.50 However, this has not been a universal 
finding, and there is no characteristic TSH 
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Figure 3-3 . Recovery of thyro-
tropic function after prolonged 
thyroid suppression. Dashed 
lines in the two upper panels 
represent lower limits of nor
mal range for serum thyroxine 
and triiodothyronine concentra
tions. The dashed line in the 
third panel represents the upper 
limit of the normal range for 
serum thyrotropin concentra
tion. (Redrawn from Vagenakis, 
A.G., et al.: Recovery of pituitary 
thyrotropic function after with
drawal of prolonged thyroid-
suppresion therapy. N. Engl. J. 
Med. 293:681-684, 1975, with 
permission.) 
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response that differentiates hypothalamic dis
ease. 

Hypothyroidism has been reported to de
velop in patients during prolonged coma.105'158 

The etiology is not clear but these individuals 
have normal TSH responses to TRH, suggest
ing a hypothalamic etiology. Therapeutic irra
diation to the hypothalamic-pituitary area may 
result in hypothyroidism.162'163 Secondary hy
pothyroidism is a recognized complication of 
sarcoidosis. Some of these patients with sar-
coidosis have been found to have normal TSH 
responses to TRH, again suggesting a hypo
thalamic origin.190 

TSH Secretion in Thyrotoxicosis 
In the usual forms of toxic diffuse or toxic 
nodular goiter, serum TSH concentrations are 
undetectable.98 Clinically an euthyroid patient 
with an autonomous thyroid nodule or Graves' 
disease may also have an undetectable serum 
TSH concentration that does not increase after 
TRH stimulation. If pituitary TSH secretion is 
the most sensitive indicator of excess thyroid 
hormone, then these patients should be con
sidered thyrotoxic. However, thyroxine and 
triiodothyronine have different effects on the 
pituitary and on other organs, such as the liver 
and kidneys.106 Therefore, suppression of the 
TSH response to TRH may not indicate thy
rotoxicosis. TSH secretion is also suppressed 
in patients with trophoblastic tumors, such as 
hydatidiform moles or choriocarcinomas. 
These tumors produce large amounts of hCG, 
which shares an alpha subunit with TSH, and 
1.0 U of hCG is equivalent in thyroid-stimu
lating activity to approximately 0.3 uU of 
TSH.70 Whether thyroid stimulation is due to 
hCG stimulation or to a substance that is 
isolated with the hCG peak is not clear.2'40 

TRH can be produced by the placenta, which 
raises the possibility that trophoblastic tumors 
could cause hyperthyroidism in this manner.174 

No documented evidence of ectopie TSH se
cretion from tumors has been reported, al
though human lymphocytes have been re
ported to produce TSH.97 

Inappropriate Secretion of TSH 

There is a heterogeneous group of disorders 
in which the serum TSH concentration is in
appropriately high in the presence of an ele
vated free thyroid hormone concentration.98 

The patient may have variable degrees of pi

tuitary and peripheral resistance to thyroid 
hormone action or may harbor a pituitary 
thyrotropic tumor (Table 3-2). The condition 
is rare and may be missed, unless the possibil
ity is considered. 

Differentiation among patients with inap
propriate TSH secretion is important for opti
mal therapy. Patients with generalized resis
tance to thyroid hormone need thyroid 
hormone replacement not thyroid ablation de
spite elevated serum thyroid hormone concen
trations. Distinguishing between those with 
and those without pituitary neoplasm is impor
tant in patients with TSH-induced hyperthy
roidism.97 In general, neoplastic production of 
TSH appears to be autonomous, i.e., unre
sponsive to both thyroid hormone suppression 
and TRH stimulation. TSH secretion is sup
pressed by glucocorticoids, much less reliably 
with somatostatin or dopamine.15 The sella 
turcica is usually enlarged, and other pituitary 
hormone concentrations may be increased.179 

Determination of serum concentrations of 
individual alpha and beta subunits of TSH has 
been helpful in differentiating patients with 
tumors.97 Patients with TSH-producing pitui
tary tumors have had markedly elevated serum 
alpha subunit concentrations relative to ele
vated serum TSH concentrations but undetect
able beta subunits. Nontumorous patients, in 
contrast, have a predominant increase in TSH 
secretion with a modest increase in serum 

Table 3 - 2 . Inappropriate Secretion of Thyroid-
Stimulating Hormone* 

*From Weintraub, B. D.7 et al.: Inappropriate secretion 
of thyroid-stimulating hormone. Ann. Intern. Med. 
9 5 : 3 3 9 - 3 5 1 , 1981, with permission. 

I. Neoplastic production of thyroid-stimulating 
hormone (TSH) 
A. Pituitary tumors 

1. Hot associated with hypersécrétion of 
other hormones 

2. Associated with hypersécrétion of 
other hormones 

B. Nonpituitary tumors (ectopie production) 
II. Γίοη-neoplastic pituitary hypersécrétion of 

TSH 
A. Target organ resistance to thyroid hor

mone 
1. General-peripheral t issues and pitui

tary 
2. Pituitary 

B. Abnormal stimulation of TSH secretion 
1. By thyrotropin-releasing hormone 
2. By other stimulators 

C. Defective suppression of TSH secretion 
1. By somatostatin 
2. By dopamine 
3. By other suppressors 
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alpha and beta subunit concentrations.204 The 
molar ratio of alpha subunits to TSH may be 
helpful in distinguishing tumor from other 
causes of inappropriate TSH secretion. Pa
tients with pituitary tumors have an alpha 
subunit to TSH molar ratio greater than one, 
whereas in hyperthyroid nontumorous pa
tients, the ratio is less than one (Table 3-3). 
However, the ratio was not helpful in differ
entiating apparently euthyroid nontumorous 
patients who had normally elevated TSH val
ues and relatively less pituitary resistance. 

Several of the patients with pituitary tumor 
have undergone hypophysectomy and radio
therapy with a subsequent decrease in TSH 
and remission of hyperthyroidism.97 In general, 
the subunit responses have been concordant 
with the TSH responses, although the alpha 
subunit may be more helpful in determining 
the presence of residual tumor. Serum alpha 
subunit concentrations have also been elevated 
in patients with gonadotrophin-secreting pitui
tary tumors and in some patients with chrom-
ophobe adenomas. Some caution must be used 
in interpreting serum alpha subunit values 
since the alpha subunits of all pituitary glyco-
proteins are immunologically identical.138 

Patients without pituitary tumors present 
more of a therapeutic dilemma. Many of these 
patients with peripheral resistance appear to 
benefit from continuous administration of L-
thyroxine.97 Such therapy tends to reduce the 
serum TSH concentration as well as the goiter. 
Patients with selective pituitary resistance pres
ent the most difficult problem in therapy. They 
are thyrotoxic, and decreasing serum thyroid 
hormone concentrations, e.g., antithyroid drug 
therapy and radioiodine, seems reasonable. 
However, such reductions invariably result in 
a significant increase in goiter size and a risk 
of pituitary hyperplasia. 

Table 3 - 3 . TSH and Alpha Subunit Concentrations 
in Patients with TSH-induced Hyperthyroidism* 

normal 
Graves' disease 
Tumor 
Nontumor 

TSH (mU/L) 

< 6 . 0 
0.5 
1.7-88 
9 . 3 - 1 6 0 

Alpha Subunit 
(μβ/L) 

0 . 5 - 2 . 5 t 
— 

1 2 . 5 - 1 0 5 
0 .5 -5 .2 

*Modified from Kourides, I. A.: Pituitary thyrotropin 
secretion in thyroid disorders. Thyroid Today 3:2, 
1980, with permission. 
tPostmenopausal women have serum alpha subunit 
concentrations between 1.0 and 7.0 ng/ml. 
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TSH Biosynthesis 

TSH purified by Chromatographie procedures 
contains several closely related biologically ac
tive components, ranging from 28,000 to 
30,000 daltons. The differences presumably are 
due mainly to the heterogeneity of the attached 
oligosaccharide groups.206 

Chemistry. TSH is composed of two dissimilar, 
noncovalently bound subunits, alpha and 
beta.40 The hormone is related chemically to 
the pituitary gonadotrophins, LH, and FSH, 
and to the placental gonadotrophins, chorionic 
gonadotrophin. Within a species, the alpha 
subunit from each of these glycoproteins is 
virtually identical in linear sequence but differs 
significantly in the carbohydrate moieties.137 157 

The alpha subunit of TSH has 96 residues with 
a molecular weight of 14,000. The beta subunit 
of TSH has 110 amino acids with a molecular 
weight of 15,000, appears to be unique, and 
confers immunologie and biologic specificity. 
Free beta subunits are virtually devoid of re
ceptor binding and biologic activity and require 
combination with an alpha subunit derived 
from any of the hormones to become active.137 

Alpha subunits alone are also biology inactive. 
The TSH molecule contains approximately 
16% carbohydrate. Three oligosaccharide 
moieties are attached to the peptide sequence 
by asparagine residues. Two are found on the 
alpha subunit and one on the beta. The role 
of the carbohydrate is unknown, but the initial 
glycosylation with mannose enhances the con
formation necessary for the alpha and beta 
subunit combination.206 

The final complex structure of the secreted 
TSH carbohydrate seems to be important in 
determining the intrinsic biologic activity as 
well as the metabolic clearance rate of circu
lating TSH.31a Some patients with idiopathic 
central hypothyroidism may be secreting bio
logically inactive TSH.8 There is some evi
dence to suggest that the carbohydrate content 
may modify the biologic to immunologie ratio 
of activity.87 

Synthesis. Biosynthetic studies indicate that 
TSH is initially synthesized as separate preal
pha and prebeta subunit precursors.28,101 These 
precursors are not synthesized in a single chain 
that contains propeptides such as proinsulin 
and proparathyroid hormone, but do contain 
amino-terminal hydrophobic "signal" peptides 
needed for the vectorial discharge of nascent 
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alpha or beta subunit peptides into the rough 
endoplasmic reticulum.101 These signal pep
tides are cotranslationally in the intact thy-
rotroph cell. Subsequent post translational 
processing involves the asparagine-linked car
bohydrate units, which are important in sub-
unit combination.63205 Alpha and beta subunits 
are synthesized by translation to separate mes
senger RNA (mRNA) molecules. Recombi
nant DNA methodology has been used to 
clone DNA molecules complementary to alpha 
and beta TSH mRNA.198 Alpha subunits are 
synthesized in molar excess whereas the beta 
subunits appear to be limiting in TSH biosyn
thesis.67 The glycosylated alpha and beta sub-
units are paired into a loose complex, either 
in secretory granules or at the plasma mem
brane.87 The stable active dimer is slowly 
formed with formation of five disulfide bridges 
in the alpha subunit and six in the beta sub-
unit.78 Triiodothyronine administration rapidly 
decreases the transcription of both the alpha 
subunit and TSH beta genes. The transcription 
of the TSH beta subunit gene is affected to a 
greater extent than the alpha subunit gene.175a 

HYPOTHALAMIC-PITUITARY-
THYROID AXIS 

TSH secretion and thyroid hormone produc
tion are coordinated so that the supply of 
thyroid hormone is adjusted to meet the needs 
of the peripheral tissues. Increasingly, the 
complexity of this relationship has been appre
ciated. A number of layers of control have 
been built upon the system, the classic negative 
feedback between the thyroid and pituitary.77 

Modulation by TRH as well as by somato-
statin, estrogens, and catecholamines also 
plays an important role. 

Pituitary Feedback Control 
How thyroid hormone actually alters TSH se
cretion at the level of the pituitary is of major 
physiologic and clinical interest. Although the 
implicit assumption has been made that the 
major interaction occurred in the pituitary, 
realization that the nervous system influenced 
TSH secretion has forced reconsideration of 
this hypothesis. 

Overwhelming evidence indicates that the 
pituitary is intrinsically capable of an appro
priate TSH response to altered thyroid hor
mone concentrations. While small increases in 
circulating thyroid hormone concentrations re

duce the serum TSH concentrations, small 
decreases in circulating thyroid hormones ele
vate the circulating TSH.129' 160 The plasma 
TSH concentration is a curvilinear function of 
the serum T4 concentration.34' 151 However, 
with severe thyroid hormone deficiency, thy
roid hormone replacement initially will result 
in increased TSH synthesis.134201 

Administration of either thyroxine or triio
dothyronine to patients with thyroid failure 
reduces the serum TSH concentration.151 This 
effect may be extremely rapid with a decrease 
in serum TSH occurring 1 to 2 hours after an 
infusion of T3 (Fig. 3-4). Thyroxine infusion 
will also suppress TSH but ten times the dose 
of T3 is required, and serum TSH concentra
tion remains suppressed about ten times as 
long. Acute administration of thyroid hormone 
suppresses TSH release, whereas long-term 
administration suppresses TSH synthesis.39'71 

Even though the serum TSH level falls signif
icantly 1 hour after the administration of tri
iodothyronine, the pituitary TSH concentra
tion actually increases.178'187 The mechanism is 
not clearly understood but probably involves 
TRH at some level. Tonic stimulation of TSH 
release by TRH is necessary to maintain the 
elevated concentrations of serum TSH char
acteristic of primary hypothyroidism. Thyroid 
hormones might regulate TSH acutely by an 
effect on TRH or by interference with the 
pituitary response to TRH. This acute suppres
sion of TSH secretion is blocked by compounds 
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Figure 3 - 4 . Pituitary nuclear T3 and plasma T3 and 
thyroid-stimulating hormone (TSH) concentrations 
after T3 administration. 
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that inhibit protein synthesis.197 Such an effect 
would presumably occur at the nucleus and is 
consistent with the hypothesis that induction 
of a protein is required for T3 to suppress TSH 
secretion. However, the effects are very rapid.6 

Thyrotrophs appear to respond to physio
logic doses of L-thyroxine only after conversion 
to triiodothyronine, mainly in the pituitary 
cell.26 177 Conversion of thyroxine to triiodo
thyronine has been demonstrated in vitro in 
the pituitary in both somatotrophs and thyro
trophs.164 Triiodothyronine inhibits DNA syn
thesis and cell division in thyrotrophs and 
stimulates somatotrophs.6 The converse occurs 
in hypothyroidism.5 These data are consistent 
with the hypothesis that binding of triiodothy
ronine to nuclear receptors in the thyrotroph 
is important in the acute suppression of TSH 
release. The findings also offer an explanation 
for why serum T4 concentrations better reflect 
TSH suppression than serum T3 concentra
tions. Decreases in circulating serum T4 con
centrations would result in an increase in 
serum TSH concentrations, which would in
crease secretion of T3 by the thyroid and 
provide a source of thyroid hormone for pe
ripheral tissues. 

Role of the Hypothalamus 
When the pituitary gland is separated from the 
median eminence of the hypothalamus, TSH 
secretion and thyroid function decrease. The 
hypothalamus has been postulated to deter
mine the "set point" of feedback control 
around which the feedback regulating re
sponses are elicited. Whether thyroid hor
mones regulate TSH secretion by a direct 
effect on the hypothalamus is not clear. In 
animal studies with the pituitary transplanted 
under the renal capsule, implants of L-thyrox
ine in the hypothalamus have resulted in a 
decreased circulating thyroid hormone concen
tration.89 TRH antibody causes a decrease in 
serum TSH concentration.9 Injection of triio
dothyronine into the hypothalamus of thyroid-
ectomized monkeys results in a decrease in the 
serum TSH concentration.194 

TRH stimulation of pituitary cells results in 
an increased efflux of calcium, most likely due 
to redistribution.60 Pretreatment with triiodo
thyronine partially inhibits this increase in cal
cium efflux.5 Extracellular calcium is required 
for TRH to induce TSH release, and triiodo
thyronine could inhibit calcium uptake.172 The 
suppression of TRH-induced TSH release by 

triiodothyronine does not occur immediately 
and may not be mediated through nuclear 
receptor binding. 

Thyrotropic Area. Ablative studies as well as 
electrical stimulation and assays for TRH have 
been used to map the thyrotropic regions of 
the hypothalamus. The medial basal hypothal
amus has been found to be the anatomic region 
of the hypothalamus involved in TSH regula
tion.21 m There is a concentration gradient of 
TRH from the dorsal hypothalamus to the 
median eminence, which reflects the conver
gence of TRH-containing nerve fibers towards 
the pituitary stalk region. The preoptic region 
is the most anteriorly situated TSH regulatory 
area and of special interest because tempera
ture sensitive neurons are located in this re
gion. This region of the brain has been thought 
to integrate all visceral homeostatic mecha
nisms that maintain body heat and cooling. 
Some extrahypothalamic regions, including the 
limbic system, the habenular nucleus, and the 
globus pallidus of the basal ganglia, have also 
been implicated in TSH secretion.150 

Hypothalamic Function in Regulation 
of TSH Secretion 
In 1955, Sir Geoffrey Harris hypothesized that 
substances produced by nerve cells of the hy
pothalamus travelled via a capillary plexus to 
the anterior pituitary.73 This portal-vessel 
chemotransmitter hypothesis is now well estab
lished. The median eminence of the hypothal
amus is a specialized region of the brain that 
contains fenestrated capillaries that permit pas
sage of large molecules to and from the blood 
and interstitial space. Hypothalamic neurose-
cretory cells are activated by neurotransmitters 
released at synaptic connections from the var
ious afferent neurons that converge on these 
cells. The neurotransmitters stimulate the cells 
to secrete one or more of the various releasing 
or inhibiting factors that regulate pituitary se
cretion of TSH. These peptidergic neurons 
within the central nervous system (CNS) may 
have either neurotransmitter or "neuromodu-
latory" functions. TRH is released from 
hypothalamic synaptosomes by depolarizing 
stimuli.199 Somatostatin, norepinephrine, and 
dopaminergic agents have also been re
ported to increase TRH release from the hy
pothalamus, but the results have been incon
sistent.75' n o 
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THYROTROPIC RELEASING HORMONE 

The identification of TRH in 1969 from 50 
tons of hypothalamic fragments obtained from 
300,000 sheep was a landmark in neuroendo-
crinology. This tripeptide (Fig. 3-5) was the 
first of the hypothalamic hormones to be chem
ically identified, synthesized, and administered 
to human beings. 

Actions of TRH in Normal Individuals 

The intravenous administration of TRH is fol
lowed by a prompt increase in serum TSH 
concentrations that reach their peak within 15 
to 45 minutes after TRH and then decline to 
normal in 1 to 4 hours (Fig. 3-6).184 Although 
increments in serum TSH levels have been 
reported to be proportional to the dose of 
TRH over a range of 15 to 500 μgm, little 
difference in response has been seen beyond 
100 to 200 μgm of TRH. The TSH response 
to maximal doses of TRH is similar in children 
and young adults and slightly less in older 
men.185 Responses are slightly greater in 
women than in men, particularly in women 
during the preovulatory phase.165 However, 
evaluations related to age and sex are over
shadowed by substantial variation, up to 40%, 
in peak TSH responses to TRH after repeated 
tests in the same individual as well as in the 
whole range of responses found in normal 
subjects.166 The TSH response to TRH is one 
of the few instances in which normal values 
have been established for response to the hy
pothalamic releasing hormones. Twenty-two 
young men were given 500 μ π ^ of TRH on 
two separate occasions. The mean individual 
variability of the response was 17% but was as 
high as 63% in individuals. Peak serum TSH 

25 

20 

^ 1 5 

I 
£ 10 

TRH 

60 30 
Time (mins) 

Figure 3 - 6 . normal thyroid-stimulating hormone 
(TSH) response to thyrotropin-releasing hormone 
(TRH). (Redrawn from Jackson, I.M.D.: Thyrotropin-
releasing hormone. Pi. Engl. J. Med. 306 :145-155 , 
1982, with permission.) 

response to 500 μιτ^ TRH was 2.7 to 19.5 
mU/L. The males' peak TSH responses be
tween 2 and 5 mU/L on one occasion were all 
greater than 5 mU/L on another. Determina
tion of the peak incremental TSH response to 
TRH had no clear advantage over that of the 
absolute peak values. The TSH value obtained 
30 minutes after TRH provided as much infor
mation as multiple values. Despite the varia
tion, a peak value of greater than 5 mU/L 
indicated normal TSH response, whereas less 
than 2 mU/L indicated TSH deficiency and 
between 2 and 5 mU/L required retesting (Ta
ble 3-4). These values are considerably lower 

O H O 
C~N~~CH~C— N 

c=o 
I 

NH2 

figure 3 - 5 . Thyrotropin-releasing hormone (TRH) 
structure. 

Table 3 - 4 . TSH Response to TRH* 

Peak TSH Value 
(mU/L) 

ri ormai 
TSH deficiency 
Retest 

>5 
<2 

2-5 
*From Sawin, C. T., and Hershman, J. M.: The TSH 
response to thyrotropin-releasing hormone (TRH) in 
young adult men: Intra-individual variation and rela
tion to basal serum TSH and thyroid hormones . J. 
Clin. Endocrinol. Metab. 42 :809-816 , 1976, with per
mission. 
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than most clinicians use for normal values and 
emphasize the need to establish normal ranges. 

The TSH response to 200 μgm of TRH was 
determined in 131 normal subjects.46 The 
change in TSH was significantly influenced by 
the basal TSH concentration and the free T4 
index. The change in TSH was the same in 
both men and women under 40 years but 
decreased in men with increasing age. Figure 
3-7 takes these factors into account for normal 
ranges. The upper and lower limits vary with 
the basal TSH and the free T4 index (FT4I) 
(mean normal value of 100). 

Differences in assay technique should be 
considered in establishing these values. Use of 
human TSH standard (MRC 68/38) rather than 
the human TSH standard (MRC 63/14) results 
in about a 30% decrease in measured serum 
TSH concentrations.166 A delayed fall in the 
serum TSH concentration after TRH has been 
thought to represent a hypothalamic abnor-

lower limit 
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Figure 3-7. Normal reference interval for thyrotropin 
response to thyroliberin. (Redrawn from Erfurt E.M., 
et al.: normal reference interval for thyrotropin re
sponse to thyroliberin. Clin. Chem. 30:196-199, 
1984, with permission.) 

mality but occurred in 12 of 22 of these male 
subjects and should be considered a normal 
variant. The most significant correlations 
found were between basal and peak TSH val
ues. TRH effectively increased the sensitivity 
of TSH in the lower range. TRH is also effec
tive when taken orally, but doses 20 to 40 
times higher are needed to produce an equiv
alent effect on TSH secretion. The increased 
amount is due to absorption or degradation in 
the gastrointestinal tract or liver. Repeated 
oral doses will also increase the serum T3 
concentration and radioactive iodine uptake 
by the thyroid. The latter effect has been 
identified in the treatment of thyroid carci
noma. However, the cost of the required large 
amounts of TRH makes the oral route imprac
tical at present. 

TRH has been given as part of a "diagnostic 
cocktail" to test pituitary function. A combi
nation of TRH, 400 μgm, luteinizing hor
mone-releasing hormone (LH-RH), 100 μgm, 
and insulin, 0.1 U/kg, allows assesment of all 
six anterior pituitary hormones simultane
ously. The interaction among the hormones 
does not affect the TSH response, although 
the prolactin and growth hormone response 
may be affected.115 However, the convenience 
and cost effectiveness make this the procedure 
of choice for routine clinical evaluation. 

Side effects occur in two thirds of subjects 
administered TRH. These effects are transient 
and quite mild, lasting 1 to 2 minutes.3 The 
suggestion has been made that the side effects 
are all dose related.68 The most common in
clude mild nausea, urinary urgency, light head-
edness, sensation of facial flushing, and a pe
culiar taste sensation.11 There may be a slight 
transient rise in systolic and diastolic blood 
pressures. All patients undergoing the TRH 
test should have the blood pressure measured; 
in patients with hypertension or cardiac dis
ease, special precautions (slow injection and 
decreased TRH dose) should be taken.18216 

The TSH response to TRH results in an 
increase in the serum triiodothyronine concen
tration 60 to 120 minutes later. The serum 
thyroxine concentration may increase at a later 
time period but is less readily detected. The 
serum T3 increase has been utilized as a meas
ure of response to TRH.30 The TRH-induced 
increases in serum T3 and T4 concentrations 
are associated with some blunting of the TSH 
response to subsequent administration of 
TRH.6 '186 Repetitive testing at 3-day intervals 
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Figure 3—8. Biphasic thyroid-stimulating hormone 
(TSH) response to thyrotropin-releasing hormone 
(TRH) infusion. (Redrawn from Chan, V., Wang, C, 
and Yeung, R.T.T.: Thyrotropin: a and ß subunits of 
thyrotropin and prolactin responses to 4 hour constant 
infusions of TRH in normal subjects and patients with 
pituitary-thyroid disorders. J. Clin. Endocrinol. Metab. 
49:127-131, 1979, with permission.) 

results in a 20% decrease in basal and peak 
serum TSH concentrations.186 

The bolus injection of TRH causes a peak 
TSH response followed by a gradual delay. In 
contrast, a constant infusion of TRH results in 
a biphasic TSH response (Fig. 3-8).2025 This 
biphasic response pattern has been interpreted 
as evidence for the existence of two TSH pools. 
The first pool is readily releasable and repre
sents the presynthesized TSH, whereas the 
second requires longer stimulation and perhaps 
synthesis before release. Data from hypothy-
roid patients may also be consistent with a 
biphasic response with a higher initial pool.201 

Alpha subunits of TSH also increase after 
TRH stimulation administered as bolus injec
tion to normal subjects.43 No increase in beta 
subunit secretion was noted in these in
dividuals. In hypothyroid patients, increases 
were found in both alpha and beta subunits 
after administration of a TRH bolus. How
ever, in response to a constant infusion of 0.4 
μgm/min for 4 hours of TRH, normal subjects 
exhibited biphasic patterns of both alpha and 
beta subunits.25 Interestingly, both subunits 
increased in the serum more rapidly than TSH, 
indicating direct secretion from the pituitary. 

Factors Altering the TSH Response 
to TRH 
Changes in thyroid hormone concentration can 
significantly alter the TSH response to TRH. 
Small doses of T3 or T4 result in a significant 

diminution in the TSH response even though 
serum thyroid hormone concentrations remain 
within the normal range. The serum TSH 
response to TRH decreased below normal 
(maximum change in TSH of 2 mU/L) after L-
thyroxine 50 μgm/day for 2 weeks.167 Even 
single doses of triiodothyronine resulted in 
inhibition of the TSH response to TRH 1 to 3 
days after the T3 administration and long past 
the peak value in the serum.178 Significant 
increases in the TSH response are produced 
by slight reductions in serum thyroid hormone 
concentrations produced by administration of 
iodide to normal subjects.196 

Glucocorticoids 
A number of other agents alter the TSH re
sponse to TRH but none approximate the 
potency of thyroid hormones in this regard 
(Table 3-5). Glucocorticoids suppress TSH 
secretion from the pituitary and blunt the TSH 
response to TRH (Fig. 3-9).147 Pharmacologie 
doses of dexamethasone (8 to 16 mg) for 
several days produce a marked decrease in the 
TSH production rate without a significant 
change in the metabolic clearance rate. There
fore, the reduction in the serum TSH concen
tration is due to a decreased pituitary secretion 
rather than a peripheral effect. Glucocorticoids 
also decrease the TSH reserve in the pitui
tary.131 The dose and timing of the dexameth
asone administration are important with effects 
on the hypothalamus or pituitary.145 Although 
dexamethasone suppresses the serum TSH 
concentration in hypothyroidism, dexametha
sone, 2 mg daily for 3 days, failed to inhibit 
the TSH response to TRH in six hypothyroid 

Table 3-5 . Factors Influencing the TSH 
Response to TRH* 

Decrease Increase 
Thyroid hormone 
Dopamine agonists 
Somatostatin 
Glucocorticoids 
Growth hormone 
Illness 

Starvation 
Renal failure 
Depression (?) 

Calcitonin 
Verapamil 

Thyroid hormone 
Estrogens 
Dopamine antagonists 
Pseudohypoparathyroidism 
Cimetidine 

*Modified from Wood, D. G. and Samols, E.: Thyroid-
stimulating hormone. In Rothfeld, B. (ed.), Nuclear 
Medicine in Vitro, 2nd edition. Philadelphia, J. B. 
Lippincott Co., 1983, with permission. 
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Figure 3 - 9 . Effects of dexamethasone on thyroid-
stimulating hormone (TSH) response to thyrotropin-
releasing hormone (TRH) in mammals . Response in 
eight normal subjects before (solid line) and after 
(broken line) dexamethasone. (Redrawn from Kour-
ides, I.A., et al.: The effect of glucocorticoid adminis
tration on human pituitary secretion of thyrotropin 
and prolactin. J. Clin. Endocrinol. Metab. 43 :338-346, 
1976, with permission.) 

patients.42 Although pharmacologie doses of 
dexamethasone appear necessary to inhibit the 
TSH response to TRH, basal serum TSH con
centrations increase in normal subjects after 
the lowering of plasma cortisol concentrations 
with metyrapone.147 

Dopaminergic agonists also play an inhibi
tory role in the control of TSH secretion with 
a decreased TSH response to TRH.13 33 Basal 
serum TSH as well as alpha and beta subunits 
promptly declines in response to intravenous 
dopamine, 4 μgm/kg.32 The alpha subunits did 
not decrease in proportion to the decrease in 
TSH and beta subunits, which may reflect the 
presence of an additional gonadotroph pool 
for the alpha subunit. The dopamine agonist 
bromocryptine also has been reported to sup
press the TSH response.214 Conversely, admin
istration of dopamine agonists, such as meto-
clopramide and domperidone, increases the 
serum TSH concentration.141 170 

The failure of domperidone to cross the 
blood-brain barrier suggests that the dopami
nergic inhibition of TSH occurred at the level 
of the anterior pituitary or median eminence. 
The blood-brain barrier is an elusive concept 
and depends on the extent of penetration of 

trypan blue.41 Nevertheless, dopamine concen
trations in the pituitary portal blood are high 
(IO-7 M), and dopamine receptors are present 
in the anterior pituitary. These data suggest 
that TSH is under tonic dopaminergic control, 
probably at the pituitary level. The suggestion 
has also been made that this dopaminergic 
inhibition might be modulated by the thyroid 
hormone concentration.169 Although animal 
studies have shown an effect of norepinephrine 
on TSH release, no consistent effect of alpha 
or beta adrenergic agonists or antagonists on 
the TSH response to TRH has been found in 
human beings.94 156 

Somatostatin may also play a physiologic 
role in the inhibition of TSH release. Infusion 
of this tetradecapeptide blocks the TSH 
response to TRH and lowers the elevated 
serum TSH concentrations in hypothyroid pa
tients.108, 176 Studies with somatostatin antibod
ies demonstrated increased basal and peak 
serum TSH responses to TRH.51 Thyroid hor
mones may play a role in modulating somato
statin. Hypothalamic somatostatin content was 
decreased in hypothyroid rats and restored to 
normal by triiodothyronine administration.10 

The role of somatostatin in the inhibition of 
TSH may be a factor in observations that 
growth hormone deficient children exhibit 
heightened TSH responses to TRH whereas in 
acromegalics the response is blunted.31'140 

A number of other monoamines and pep-
tides have been implicated in TSH secretion 
and TRH stimulation but the findings in gen
eral have been ambiguous. These include (1) 
serotonin,86 (2) neurotensin,109 (3) opioid pep-
tides,88 (4) melatonin,65 and (5) cholecystoki-
nin.124 Estrogens induce an increased respon
siveness of TSH secretion to TRH, which is 
accompanied by an increase in TRH receptor 
concentration in the pituitary.23 The TSH re
sponse to TRH is slightly greater in women 
than in men and particularly in women during 
the preovulatory phase when estrogens are 
highest. Women on oral contraceptive ste
roids, receiving pharmacologie doses of estro
gens, have higher TSH responses to TRH than 
controls.144 

TRH Stimulation of Other Pituitaiy 
Hormones 

TRH action on the pituitary is not specific for 
TSH but consistently causes a release of pro
lactin (Fig. 3-10).149 The peak increase in pro-
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Tigure 3-10. Prolactin response to thyrotropin-releas-
ing hormone (TRH) in normal subjects. (Redrawn from 
Jacobs, L.S., et al.: Prolactin response to thyrotropin-
stimulating hormone in normal subjects. J. Clin. En
docrino!. Metab. 36:1069-1973, 1973, with permis-

lactin with a twofold or greater rise occurs 
between 15 and 30 minutes after TRH admin
istration. Whether TRH plays a physiologic 
role in the control of prolactin secretion in men 
is not clear. Certainly, the role is not major 
in the regulation of prolactin secretion.56 72 

Nevertheless, inappropriate lactation with 
mildly elevated serum prolactin concentration 
may occur in primary hypothyroidism.195 The 
galactorrhea and hyperprolactinemia usually 
respond to thyroid hormone therapy. The ef
fects of thyroid hormone on the prolactin re
sponse to TRH parallel the effects of the TSH 
response, and both responses are blunted in 
hyperthyroid patients.183 However, the prolac
tin response is not inhibited to the same degree 
by a given dose of thyroid hormone. 

Dexamethasone, which blunts the TSH re
sponse to TRH, had no effect on basal prolac
tin, peak prolactin response after TRH, or 
prolactin reserve in the pituitary.43 A blunted 
prolactin response following TRH also occurs 
with prolactinomas and has been used to sep
arate prolactinomas from other causes of hy
perprolactinemia.35 92 However, the test lacks 
specificity, and TRH has not been as helpful 
as first thought. 

The suggestion has been made that hyper
prolactinemia stimulates hypothalamic dopa-
minergic activity via a short loop, positive 
prolactin feedback effect. Administration of 
dopaminergic antagonists to patients with pro
lactinomas resulted in exaggerated TSH re
sponses consistent with the hypothesis of 

increased dopaminergic inhibition of TSH re
lease in these patients.143'168 

In addition to stimulating prolactin release, 
TRH causes release of growth hormone in 
about 50% of acromegalics. TRH does not 
stimulate growth hormone secretion in normal 
subjects, however. In fact, TRH prevents the 
sleep-induced increase in plasma growth hor
mone concentrations, which suggests that it 
may have a predominant inhibitory effect on 
growth hormone release. However, when the 
central peptidergic or amnergic pathways are 
disrupted, growth hormone release is stimu
lated. Whether this TRH effect is due to 
altered receptors on the somatotroph is not 
clear.82 TRH may also stimulate growth hor
mone release in other conditions, such as 
anorexia nervosa, renal failure, and liver dis
ease.121 TRH may also stimulate adrenocorti-
cotropic hormone (ACTH) release in some 
patients with Cushing's disease and Nelson's 
syndrome but not in normal individuals.27 

Metabolism and Assay of TRH 

The plasma clearance rate of TRH is extremely 
rapid with a plasma half-life of 6.2 minutes 
and a mean plasma clearance of 1500 ml/min.123 

Comparison of the in vivo clearance rate of 
TRH with the in vitro destruction rate sug
gested that intravascular degradation is respon
sible for about one third of the plasma clear
ance. The enzymatic breakdown in tissues and 
body fluids leads to the formation of frag
ments, which appear to be biologically ac
tive.84' 113 As might be expected, thyroid status 
modifies the plasma clearance of TRH by 
effects on the rate of plasma degradation. 

The assay of TRH in human serum has been 
difficult because of rapid degradation of the 
TRH and low circulating levels compared with 
the assay's sensitivity, and values in human 
peripheral blood are controversial, but normal 
values have been reported between 5 and 200 
pg/ml.85 103 Human cord blood has been re
ported to have low TRH-degrading activity.125 

Immunoreactive TRH has been reported in 
human urine, but this finding is also contro
versial.14 The ability to determine TRH in the 
systemic circulation could be used as a direct 
measure of hypothalamic function. Unfortu
nately, the wide distribution of TRH and di
lution of the portal vessel blood in the systemic 
circulation mitigate against the determination 
of TRH in peripheral blood as a measure of 
hypothalamic function. Direct assay of pitui-
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tary portal vessel blood would be useful but is 
inaccessible.207 

Clinical Studies 
The availability of TRH has allowed the testing 
of TSH reserve as well as evaluation of pitui
tary function. The serum TSH concentration 
in thyrotoxicosis from whatever causes is low 
and does not respond to TRH stimulation. 
Occasionally, there is a small blunted TRH 
response. The TSH response may return to 
normal with control of the hyperthyroidism 
but may remain abnormal for prolonged pe
riods. Patients with Graves' disease who are 
euthyroid may also have decreased responses 
to TRH,29 which implies that circulating thy
roid hormone is increased although within the 
normal range. Similar results may also be 
found in patients with autonomous thyroid 
nodules.22 58 The majority of these patients do 
not have thyroid suppression of the radioiso-
topic thyroid uptake in response to thyroid 
hormone administration. 

Although both the TSH response to TRH 
and the triiodothyronine suppression of the 
radioisotope thyroid uptake should measure 
similar effects, the results of the two tests may 
be disparate in Graves' disease patients in 
remission (Table 3-6). Various patterns of 
TSH responses to TRH are found during and 
after the treatment of thyrotoxicosis. There 
tends to be a delay between the return of 
thyroid hormone concentrations to normal and 
the return of TSH response to TRH.153 Sub
normal TSH responses to TRH may even be 
found in some patients soon after treatment. 
Similar findings occur in euthyroid patients on 
thyroid hormone suppression following cessa
tion of therapy.102 Because the patterns of 
response are so different and may vary with 
time, little practical information is to be gained 
by testing such patients. In a patient with 
thyroid carcinoma in whom complete suppres-

Table 3 - 6 . TSH Response to TRH and T3 

Suppression Test in 20 Graves' Disease 
Patients in Remission* 

TSH response t N AB AB Π 
T3 suppression Ν AB Π AB 
Πο. of patients 7 6 5 2 

*From Buerklin, E. M., Schimmel M., and Utiger, R. 
D.: Pituitary-thyroid regulation in euthyroid patients 
with Graves' disease previously treated with antithyroid 
drugs. J. Clin. Endocrinol. Metab. 43 :419-427 , 1976, 
with permission. 
tM = normal response; AB = Abnormal response. 
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sion of TSH is desirable, a TSH response to 
TRH would be an indication to increase the 
amount of exogenous thyroid hormone.171 

However, an ultrasensitive TSH assay may 
provide the same information.104 

In a patient with hypothyroidism and hypo-
thalamic disease in whom a defect in TRH 
stimulation might be expected, the TSH re
sponse to TRH is usually normal. Patients with 
hypothyroidism on the basis of intrasellar dis
ease characteristically have low serum TSH 
concentrations with no response to TRH. Al
though these are the usual patterns of TSH 
response to TRH, they are not invariable. On 
the one hand, patients with significant intra
sellar disease may have normal TSH responses 
to TRH. On the other hand, patients with 
presumed hypothalamic disease and hypothy
roidism may have subnormal TSH responses 
to TRH. The variable response patterns in 
patients with hypothalamic or pituitary disease 
also suggest that no specific disorder, e.g., 
craniopharyngioma and prolactinoma, is likely 
to be associated with a characteristic TSH 
response to TRH. In a series of patients with 
a variety of significant hypothalamic and pitui
tary diseases, one third were hypothyroid and 
all had impaired TSH responses to TRH.182 

Among the euthyroid patients in the series, 
one quarter had abnormal TSH responses to 
TRH. In hypothalamic and pituitary disease, 
TRH testing may be helpful in defining a 
baseline before pituitary surgery, but other
wise there are no findings that define specific 
pathologic processes. 

TRH OUTSIDE THE HYPOTHALAMUS 

TRH and several other hypothalamic peptides 
have also been identified in other areas of the 
CNS and, in some instances, outside.142 These 
peptides share the characteristics of wide dis
tribution and a role other than hormonal. 

Extrahypothalamic Neural Distribution 
of TRH 

Although TRH concentrations are highest in 
the hypothalamus, more than 70% of total 
brain TRH is in other areas of the brain.85 

TRH has been identified in nerve terminals in 
brain stem motor nuclei as well as in spinal 
cord motor neurons. Significant concentrations 
of TRH have been found in the thalamus and 
cerebral cortex.95 TRH has been identified in 
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the fetal cerebellum as early as the 9th week 
of gestation.211 

Function of TRH in the CMS 

Although TRH crosses the blood-brain barrier 
with difficulty, TRH does cause CNS effects 
after peripheral administration.81 TRH directly 
affects the electrical activity of single neurons 
or influences the excitatory or depressant ef
fects induced by norepinephrine and acetylcho-
line.210 The location of TRH in motor nuclei 
suggests a role in the motor side of the nervous 
system. Although TRH has not been demon
strated to fulfill all the criteria for a true 
neurotransmitter, TRH may function as a neu-
rotransmitter or neuromodulator.33 

Extra CMS Distribution of TRH 

TRH has also been found outside the CNS in 
the gastrointestinal tract and pancreas. In neo-
nates, the concentration of TRH is higher in 
the pancreas than in the hypothalamus but this 
subsequently reverses.44 Whether TRH plays 
some role in opposing the action of somato-
statin in the pancreas is speculative.112 TRH 
may be part of a diffuse neuroendocrine sys
tem, which migrates out of neural tissue to the 
endoderm during embryonic development.133 

TRH or TRH-like material has been identified 
in the human placenta, which has a common 
embryologie origin with neuroectodermal 
structures.173174215 

TRH SYNTHESIS AMD ACTION 

TRH is released from hypothalamic synapto-
somes by depolarizing stimuli.199 High affinity, 
high specificity binding sites for TRH have 
been identified in the anterior pituitary and 
other areas in the CNS.61'104 These receptors 
are located on the plasma membrane and 
undergo down regulation.69'126 Initially, TRH 
was thought to act by stimulating cyclic aden-
osine monophosphate.55 However, further 
studies have indicated that the interaction be
tween TRH and the membrane receptor ulti
mately results in a major burst of free intra-
cellular calcium ions through redistribution.60 

These effects are mediated by phosphohpase 
C catalyzed by dialysis of phosphatidyl inositol 
to produce diacylglycerol and inositol triphos-
phate.5979a The elevation of calcium ions acti
vates the movement of secretory granules to 
the cell surface and their fusion with the cell 

surface membrane. There is a parallel activa
tion of protein kinase C by diacylglycerol that 
also leads to phosphorylation of proteins in
volved in exocytosis. 
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THYROID 
HORMONE AND 
LABORATORY 
EVALUATION 

4 
Distribution and 
Metabolism of the 
Thyroid Hormones 

JACK H. OPPENHEIMER 

Although it is customary to separate the proc
esses of distribution and metabolism, it should 
be emphasized that both occur simultaneously 
and both determine the instantaneous concen
tration of iodothyronines in plasma. Since the 
laboratory-based diagnosis of thyroid disease 
rests in large part on the concentrations of 
plasma hormones, an understanding of these 
factors assumes major clinical relevance. On 
the one hand, the term "metabolism" will be 
used in the sense of irreversible exit of iodo-
thyronine from the body, whether this is ac
complished via conventional biochemical 
transformation, such as deiodination or deam-
ination, or simply excretion via the urinary or 
fecal route. The term "distribution," on the 
other hand, will refer to those reversible proc
esses that operate to determine the partition 
of hormones between the various constituents 
of plasma, between plasma and various cellular 
pools, and most importantly among the indi
vidual subcellular compartments. Viewed in 
this fashion, the concentration of hormone in 
plasma or in any given body compartment will 
be uniquely determined by the combined ef
fects of distribution and metabolism. 

DISTRIBUTION OF THYROID HORMONE 

Iodothyronine Plasma Binding Proteins 
and Iodothyronines in Plasma 
For the purpose of our discussion, we shall 
confine ourselves to the following two gener
ally recognized thyroid hormones: L-thyroxine 
(T4) and 3,5,3'-L-triiodothyronine (T3). Recent 
studies from many laboratories have clearly 
shown the presence of other iodothyronines in 
plasma, including 3,3',5'-L-triiodothyronine, 
the acetic acid analogues of T4 and T3, as well 
as trace quantities of various forms of di-
iodinated thyronines and deaminated and 
ether-cleaved products.42 Nevertheless, cur
rently available data do not suggest a major 
biologic function for these substances. In hu
man serum, the estimated concentrations for 
T4, from most laboratories, range from 5.0 to 
11.0 μgm/dl (64.3 to 141 mM) and for T3, 80 
to 180 ngm/dl (1.27 to 2.76 mM). Further 
reports have quoted mean concentrations of 
rT3 from 14 to 32 ngm/dl.31' 55> 80> 91· 100< 109' 121· 
149, 211 -r/hg concentrations of triac have been 
estimated to vary from 2.6 to 9.0, 56' 122 and 
that of te trac, 8 ngm/dl.33 The concentrations 
of the three diodothyronines (3,5-T2,3,3'-T2, 

65 



66 THYROID HORMONE AND LABORATORY EVALUATION 

and 3\5'-T2) are probably less than 8 ngm/dl,42 

whereas the concentration of 3'-monoiodo-
thyronine has been reported to be about 1.4 
ngm/dl.28 

Hormone Plasma Binding 
Proteins in Plasma 
In 1957, the concept was first formulated quan
titatively that the vast bulk of circulating T4 
and T3 was reversibly bound to specific plasma 
proteins and was in a state of equilibrium with 
a small "free" or nonprotein-bound fraction.160 

At that time, the importance of T3 in deter
mining net thyroidal status had not yet been 
fully appreciated. Accordingly, the focus of 
scientific and clinical attention remained on T4. 
The specific T4-binding or "transport" protein 
had earlier been identified as thyroxine-bind-
ing globulin (TBG) by means of paper electro-
phoresis of serum to which tracer concentra
tions of 13T-T4 had been added.63' 104' 161 A 
major radioactive peak appeared in the inter-
alpha globulin area. Approximately 85% of 
the total tracer was bound to this protein, with 
the remaining 15% bound to serum albumin. 
By eliminating barbital from the electropho
retic buffer, an additional protein component 
became apparent, thyroxine-binding prealbu-
min (TBPA most recently redesignated 
transthyretin), which exhibited an electropho
retic mobility anodal to that of albumin.85 

Although electrophoretic studies had originally 
suggested that as much as 30% of total circu
lating T4 was bound to TBPA,132 subsequent 
studies involving immunoprecipitation re
vealed that only approximately 15% of total 
T4 is bound to this protein fraction.160 Approx
imately 75% of circulation is associated with 
TBG and 10% with serum albumin. Electro
phoretic studies suggested that about 70% of 
T3 is also bound to TBG with the remaining 
30% associated with serum albumin. Although 
electrophoresis had suggested that TBPA does 
not bind T3,217 more recent investigations have 
suggested that T3 does bind to TBPA mini
mally.105 Theoretic calculations based on the 
dissociation constants of T3 to individual bind
ing proteins have suggested a rather surprising 
distribution of T3 among the established bind
ing proteins. Thus, only approximately 38% of 
plasma T3 was estimated to be bound to TBG, 
27% to TBPA, and 35% to albumin.146' 157 

TBG has been purified by use of affinity 
columns 140 followed by a multiple step proce
dure.120 The molecule is a glycoprotein rich in 

sialic acid with a molecular weight of 55,000. 
Vigorous treatment of TBG with guanidinium 
hydrochloride has not revealed any subunits,58 

a conclusion that has been confirmed by N-
terminal amino acid analysis.23 A variety of 
physicochemical techniques, including circular 
dichroism, show that TBG is a compact mol
ecule without evidence for attached subunits.59 

The binding capacity of TBG is approxi
mately 20 μgm/dl as determined by electro
phoretic analysis with one binding site for T3 
and T4 and an estimated affinity constant of 
IO10 Mr1 for T4 and an approximate concentra
tion in plasma of 1.0 to 1.5 mgm/dl.159 Under 
physiologic conditions, approximately one 
third of the sites are occupied. From studies 
of acutely isolated monkey hepatocytes, it ap
pears highly likely that TBG is synthesized in 
the liver.61 The liver also plays an important 
role in the removal of TBG from the circula
tion. Thus, the desialylated protein displays a 
characteristically slower anodal electrophoretic 
mobility and accumulates in the plasma of 
patients with hepatic disease.120 Recent studies 
in normal volunteers injected with 125I-labelled 
TBG have shown a plasma disappearance 
curve with a half-time of about 5 days, a 
distribution volume of 7 L, a metabolic clear
ance rate of 0.8 L/day, and a daily production 
rate of 17.8 mg (Table 4-1).21 

The circulating concentration of TBG is 
strongly influenced by the levels of estrogens 
and androgens.37 41 The high level of TBG in 
pregnancy, approximately twice normal, is the 
consequence of a marked increase in estrogen 
production rate.38 Conversely, patients treated 
with testosterone or related anabolic steroids 
exhibit a marked decrease in the plasma TBG 
content.41' 43 However, no major differences 
exist between TBG levels in males and non-
pregnant females, and the concentration is not 
age related.159 The increase in TBG produced 
by estrogen is due to an increase in protein 
mass, not to an increase in binding affinity. 

Table 4 - 1 . Common Kinetic Parameters of 
Thyroid Hormone 

Total distribution volume 0.18 0.44 
(L/kg) 

Metabolic clearance rate 0.013 0.32 
(L/kg/d) 

Fractional plasma removal 0.069 0.72 
rate ( d 1 ) 

Half-time of plasma disappearance 10.0 0.96 
(d) 

Residence time (d) 14.4 1.3 
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Studies with acutely isolated hepatocytes from 
estrogen-treated monkeys60 and in vivo studies 
in these animals with 125I TBG62 support the 
concept that estrogen stimulates TBG produc
tion by the liver. 

Pathologic stimuli may influence the level 
of TBG. Acute hepatitis may cause an in
crease208 and hepatic cirrhosis a decrease in 
TBG.83 TBG may also be elevated in acute 
intermittent porphyria.77 Of particular impor
tance from a clinical point of view is recogni
tion of familial congenital decreases154 and 
increases87 in TBG binding capacity. These 
changes appear to be transmitted primarily as 
X-linked recessive traits. The impact of 
changes in TBG levels on the levels of total 
and free iodothyronines will be examined sub
sequently. 

Historically, there has been a great deal of 
interest in TBPA. Amino acid sequence 
elucidation88 and crystallographic studies14-16 

have allowed a virtually complete structural 
definition of this protein. TBPA has a molec
ular weight of 56,000 and consists of four 
identical subunits so arranged as to create a 
central channel at either end of which is situ
ated a T4-binding site (Fig. 4-1). There is a 
strong negative cooperative interaction be
tween the two sites. When T4 occupies one 
site, the binding site of the other becomes 
exceedingly weak. For this reason, early esti
mates had suggested only one binding site for 

Thyroid Hormone Binding Site 
Figure 4—1. Schematic representation of the tetra-
meric structure of thyroxine-binding prealbumin 
(TBPA) protein. There are four identical subunits that 
create a central channel, narrowing towards the cen
ter. This narrowing creates two binding sites for T4. A 
cooperative interaction diminishes the affinity for T4 
of the second binding site after the first is occupied. 
(Based on a modification of Apriletti, J.W., et al.3a of 
a computerized model presented by Blake, C.C.F. and 
Oatley, S.J.15) 

T4.150 The protein has an effective binding 
affinity of 1 x 108 M, a binding capacity of 
approximately 300 μgm/dl, corresponding to a 
circulating protein concentration of 30 mgm/ 
dl. TBPA also binds in a noncovalent manner 
the retinol-binding protein, a moiety of Mr 
21,000.150 Failure to dissociate this protein 
probably resulted in the initial overestimation 
of the molecular weight of TBPA.150 Unlike 
TBG, TBPA contains no carbohydrate and is 
exceedingly stable, probably because of the 
high content of beta structure. Some of the 
properties of the thyroid hormone binding 
proteins are summarized in Table 4-2. 

Initially, interest in TBPA was stimulated 
by the lability of the plasma protein concentra
tion. A prompt decrease follows a variety of 
catabolic stimuli including nonspecific nonthy-
roidal illnesses and general surgery.10' 132'201 In 
severe illness, this binding protein rapidly dis
appeared from the circulation primarily as a 
consequence of a marked reduction of sny-
thesis and a half-time of only 1 day.135'192 These 
findings suggested the possibility that a reduc
tion in circulating TBPA resulted in an in
crease in the dialyzable fraction with a tem
porary increase in free T4.10- 132-201 Subsequent 
studies that indicated only 15% of circulating 
T4 is bound to TBPA, however, raised ques
tions about the biologic impact of these 
changes on peripheral tissue metabolism.217 

The relatively small fraction of circulating T4 
normally bound to TBPA also makes it un
likely that a reduction in overall TBPA binding 
of T4, noted in many patients with severe 
nonthyroidal illness, is due to a primary de
crease in TBPA, as first supposed. This prob
lem will be considered in greater detail in 
Chapter 6. 

The detailed structural information available 
for TBPA prompted the suggestion that the 
surface of the TBPA molecule contains two 
depressions that are complementary to double-
stranded helical DNA.15 This similarity raised 
the possibility that TBPA could serve as a 
model for the interaction of T3 with the nuclear 
receptor. Despite this intriguing structural 
analogy, there is little to suggest that TBPA 
or for that matter any of the plasma-binding 
proteins enter cells in significant quantities to 
interact directly with DNA. Similar to TBG, 
the volume of distribution of TBPA corre
sponds to that of serum albumin, a protein 
that is known to have an almost exclusively 
extracellular distribution.135 Moreover, there 
are marked differences between the binding of 
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Table 4-2. Properties of the Thyroid Hormone Binding Proteins 

Concentration (mg/dl) 
T4 binding capacity ^gm/d l ) 
Effective affinity 

constant (M 1 ) 
Binding sites 

Strong 
Weak 

Polypeptide chains 
CHO content (%) 
Mr 
Other functions 

TBG 

1.5 
20 
1.7 x 1010 

1 
— 
1 
23 
54,000 
— 

TBPA 

25 
300 
2.3 x 108 

1 
1 
4 
6 
54,000 

Associated with retinol-
binding protein. 

Albumin 

4200 
"Unlimited" 
6.2 x 105 

1 
5 
1 
6 
66,000 

Oncotic pressure binding of 
other hormones, 
metabolites, and drugs. 

analogues to TBPA and the nuclear recep
tor.155 

Despite the remarkable evolutionary conser
vation of many components of the thyroid 
hormone system, there is considerable diver
sity among animal species with regard to the 
nature of the thyroid hormone binding pro
teins.153 Thus, TBG and TBPA are restricted 
to the human and simian species. The binding 
proteins in the rat display distinctive physico-
chemical properties, though the net intensity 
of binding of iodothyronines by these species 
is quite similar. Serum albumin in all species, 
however, appears to play a role, even if minor, 
in the binding of T3 and T4. This protein is 
unusually suited to binding a broad spectrum 
of ligands, including hormones, metabolites, 
and drugs. The binding affinity of albumin for 
T4 is relatively low compared with those of 
TBG and TBPA with an association constant 
of approximately 1 x 105 M.193 However, since 
binding capacity is virtually unlimited, about 
10% of circulating T4 is bound to this protein. 

cells. Perturbation of plasma protein binding 
was postulated to result only in an evanescent 
change in the level of free circulating hormone 
but no changes in steady-state levels. Accord
ingly, for diagnostic purposes it appeared more 
relevant to assess the steady-state free rather 
than the total hormone concentration. Al
though important developments over the past 
30 years have wrought basic changes in con
cepts of thyroid hormone distribution, metab
olism, and action, the conceptual framework 
of the free thyroxine hypothesis has remained 
intact. This hypothesis also stimulated the ac
ceptance of analogous interpretations of the 
plasma concentrations of other protein-bound 
hormones, metabolites, and drugs. 

The fundamental relationship between free 
and bound hormone is provided by the law of 
mass action. Thus, if Tf = the concentration of 
free hormone in plasma; TP = the concentra
tion of hormone bound to binding protein P; 
M = the total number of binding sites ("maxi
mal binding capacity"); and Ka = the affinity 

The Multiple Equilibrium State 

The original formulation of the free T4 hypoth
esis held that unbound or free T4 was in 
reversible equilibrium, with T4 bound to the 
various iodothyronine-binding proteins (Fig. 
4-2). Calculations suggested that the actual 
concentration of free hormone was exceedingly 
small compared with the total content of hor
mone in blood, perhaps on the order of 
1/3,000 of the total.158 Despite the small mag
nitude of free T4 concentration in extracted 
fluids, the theory predicted that the free T4 
concentration would be more important as a 
determinant of the hormonal status of a tissue 
than the total plasma hormone concentration. 
Only the free hormone could penetrate the 

Multiple Equilibrium State in Plasma 

T, - TBPA 

^ 

T4 - TBG 

[T4]f 

A 

V 
T4 - Albumin 

Figure 4-2. Multiple equilibrium among the three 
major binding proteins in serum (TBPA = thyroxine-
binding prealbumin; TBG = thyroxine-binding globulin; 
[TJf = free thyroxine). 
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constant, the following relationships are ap
parent: 

Tf + P ^± TP (l) 

TP 
T f = (M - TP)Ka

 (2) 

TP (M - TP) Ka
 v ; 

For the sake of simplicity, the existence of 
only a single class of binding sites is assumed. 
The value in parentheses in equations 2 and 3 
clearly represents the concentration of free 
binding sites ( = P). The ratio of the free to 
bound hormone on the left side of equation 3 
provides a measure of the overall intensity of 
binding of T4 by plasma proteins. As indicated 
by the equation, this parameter will be in
versely proportional to the product of the 
unoccupied binding sites and the association 
constant. From equation 2, it is apparent that 
as the concentration of total T4 in the system 
increases and the number of unoccupied bind
ing sites falls, the free/total T4 ( = Tf/TP) rises. 
This is one of the reasons that in hyperthyroid-
ism free T4 rises to a greater extent than does 
total T4. Conversely, removal of T4 from the 
system, as in severe hypothyroidism, will result 
in an increase in the denominator of equations 
2 and 3 and a fall in the ratio of free T4 to 
total T4 in equation 3. As discussed further in 
Chapter 6, hyperthyroidism and hypothyroid
ism are also accompanied by alterations in the 
concentration of individual binding proteins. 
These will also influence the fraction of T4 in 
the free form. 

Since there are at least three serum proteins 
that participate in the binding process (TBG, 
TBPA, and albumin), the relationship is more 
adequately represented by a multiple equilib
rium state. 

T = T P T BG + T P PA + TBAlb 

KTBG(MTBG - TPTBG) + KPAMPA + KAlbMAlb 

where the subscripts TBG, PA, and Alb refer 
to the three major binding proteins. Since the 
binding capacity of both TBPA and albumin 
greatly exceeds the concentration of T3 bound 
to each of these moieties (i.e., MTBPA>> 
TPJBPA an<3 MA l b>> TPAlb), the terms for al
bumin and TBPA in the denominator of equa
tion 4 can be simplified as indicated. The 

numerator represents, as a first approximation, 
the total T4 in the serum. Analagous to equa
tion 3, the following expression designates the 
strength of the overall binding in a three-
component system: 

J^_ = l 
TT4 KTBG(MTBG - TPTBG) + KPAMPA + KAlbMAlb 

(5) 

Comparison of equation 5 with equation 3 
reveals that the contribution of the two large 
capacity binding systems to the equilibrium 
relationship limits the excursion of Tf/TT4 pro
duced by a given change in T4. In general, any 
analytic binding system in which the effects of 
TBPA and albumin are minimized and the 
effects of the limited capacity TBG are maxi
mized will be more sensitive to a given change 
in T4. Since barbital inhibits binding of T4 to 
TBPA, the addition of barbital thus sensitizes 
the system to T4.85 

Measurements of Free T4 

Although the free T4 hypothesis was developed 
without the benefit of direct measurements of 
free T4, the application of equilibrium dialysis 
has made it possible to provide reasonable 
approximations of unbound T4 in serum and 
other body fluids. Despite the fact that there 
are both practical and theoretic limitations in 
the interpretations of the results of equilibrium 
dialysis, the technique continues to be widely 
regarded as the "gold standard" for estimating 
the free T4 concentration. In principle, the 
method is simple. Radioactive T4 is added to 
the test serum in tracer quantities (Fig. 4-3). 
The mixture is added to a compartment sepa
rated from adjacent aqueous buffer by a semi-
permeable membrane and allowed to equili
brate, generally for 18 to 24 hours. Small 
molecules such as T4 readily cross the mem
brane; larger molecules such as the binding 
proteins do not. At the end of the equilibration 
period the fraction of total counts in the system 
in the free form is determined, simply by 
multiplying the counting rate in the dialysate 
(free radioactive T4 counts) by the total volume 
of the system and dividing the product by the 
total counting rate (free + bound) in the whole 
system. This value is designated as the dialysis 
fraction (DF). The product of the DF and the 
total gravimetric T4 concentration as deter
mined by radioimmunoassay or any other 
chemical methods will yield the absolute con
centration of free T4. 
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Equilibrium Dialysis 

Buffer 

Free 125l - T4 

dialysis sac 
semipermeable 
membrane 

125l ■ T4 added 
to diluted serum 

Figure 4 - 3 . Equilibrium dialysis. 125I-T4 and 125I-T3 are 
added to serum in tracer quantities. Diluted serum is 
added to a bag of semipermeable membrane, which 
allows the free transport of ligand but not of protein. 
Equilibration is complete within 24 hours. The free T4 
concentration is determined by multiplying the frac
tion of total 125I-T4 added that is in the free form by 
the concentration of the T4 in the undiluted serum, 
applying a correction factor for serum dilution. 

An important technical problem in the de
termination of free T4 by equilibrium dialysis 
deserves special emphasis, the contamination 
of preparations of radioactively labelled thy-
roxine with radioactively labelled iodide. Be
cause of the strong binding of T4 by serum and 
the relatively weak binding of iodide, the pre
dominant form of radioactivity in the dialysates 
of undiluted sera will be in the form of iodide. 
This makes it virtually impossible on a routine 
basis to determine the concentration of radio
active T4 in the dialysates. Even if a prepara
tion of 125I-T4 is prepurified, a slow but contin
uous process of deiodination will continue and 
result in the formation of radioiodide that is 
not protein bound. In general, from 1 to 5% 
of total radioactivity in the radioactive prepa
ration is in the form of iodide. 

In the original method for performing equi
librium dialysis, an exceedingly complex series 
of separate steps, including evaporation of the 
dialysate and extraction of butanol and water 
followed by paper chromatography, was re
quired.196 A simple stratagem for overcoming 
this problem and for increasing the proportion 
of total radioactivity in the dialysate in the 
form of T4 was subsequently introduced.132 

This involved the dilution of the serum that 
served to diminish the strength of protein 
binding and allowed the escape of a larger 
fraction of radioactive T4 into the free form. 
The ratio of T4 to iodide in the dialysate was 
thus increased, and quantitative separation be
tween radioactive iodide and radioactive T4 

made technically feasible. The dialysate was 
subjected to trichloroacetic acid (TCA) precip
itation, following the addition, to the dialysate, 
of out-dated serum obtained from blood 
banks. Labelled T4 was precipitated and la
belled iodide was not. The effect of serum 
dilution was taken into account in the final 
calculation of the concentration of free hor
mone in serum. The relevant principle applied 
in this approach is that the DF is approxi
mately, inversely proportional to the dilution 
factor.132 An alternate method for simplifying 
the separation of T4 from iodide in the dialy
sate was the use of Mg++ to precipitate T4.194 

Many of the current methods for measuring 
free T4 employ both diluted serum and Mg+ + 

precipitation. 
The concentration calculated by equilibrium 

dialysis, however, must be considered to be 
simply an approximation. The diluting buffer 
used in the analysis does not faithfully repre
sent the ionic composition of serum and thus 
may distort the binding of the individual pro
teins. The DF itself is also very temperature 
sensitive.10 Since the dialysis is routinely per
formed at 37°C, determination of the DF may 
not reflect the effect of a fever, which in the 
patient may have raised the in vivo value. 
Lastly, the dilution may have a variable 
effect on the inhibitors of protein binding. 
Ultrafiltration overcomes some of these prob
lems.132' 181 Despite these limitations, equilib
rium dialysis is generally considered to be 
superior to the so-called direct methods, which 
have been introduced commercially for clinical 
analyses.40 

The DF as determined by equilibrium di
alysis can now be related to the effect of 
individual binding proteins by application of 
equation 5. Thus, 

DF 
DF TT4 

1 
K T B G ( M T B G - TPTBG) + KPAMPA + KAlbMA 

(6) 

The analysis used for T4 can similarly be 
applied to the binding of T3 as well. Radioac
tive T3 is added to serum to determine the DF. 
The dilution of serum that is required to opti
mize the T3/I~ ratio is not as large as that 
required to determine the DF for T4, since T3 
is bound to plasma proteins approximately 
1/10 as tightly as T3. The approximate free T3 
concentration is 8x 10-11 M - 1 , with a DF cor
rected for a dilution of 1/15; the corresponding 
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value for T4 is 2.5 x IO"11 1VT1 for a dilution of 
1/150. 

Kinetic and Functional Relationship 
Between Thyroid Hormones in Blood 
and Tissues 
Although thyroid hormones in plasma have 
always been considered "en route" from the 
gland to the target and metabolizing tissues, 
the overall relationship between tissue and 
plasma hormone pools has only been clarified 
within the last 20 years or so. Tracer analysis 
of radioactively labelled T4 and T3 has clearly 
shown that there is "two-way traffic" between 
plasma and tissue pools of hormones.22' 40' 124, 

126, 144, 181 j n e s s e n c e ) kinetic analysis of the 
plasma disappearance curve of intravenously 
injected tracer T4 and T3 over a sufficiently 
long period allows calculation of the fractional 
rate of irreversible exit from a central distri
bution compartment. This can be identified 
anatomically with the plasma volume and those 
components of the interstitial compartment 
that are in rapid equilibrium with it. If during 
the early period following injection the tracer 
disappears from the central compartment more 
rapidly than the calculated rate of irreversible 
exit, one must conclude that the tracer is 
entering some portion of the external com
partment only to return to the central com
partment at a later time. 

The volume of internal and external com
partments can be calculated by standard tracer 
analysis. Although for many years single com
partment kinetics had been applied to the 
analysis of plasma disappearance curves of T3 
and T4, such an analysis, under certain circum
stances, may lead to considerable error, espe
cially in the case of T3.127 Preferable ap
proaches include noncompartmental127 and 
multicompartmental analyses.34 In noncom
partmental analysis, only a central distributive 
compartment and an aggregate external com
partment are defined. No explicit assumptions 
are made regarding the specific size or inter
relationships of the various kinetic subcom-
partments, which may constitute the external 
compartment. The only basic question ad
dressed is how long an average molecule of 
tracer requires to complete its circuit from the 
central compartment through the external 
compartment and back. The information ob
tained allows calculation of common kinetic 
parameters, such as the distribution volume, 
the average half-time, and the metabolic clear

ance rate.127 In contrast, compartmental kinet
ics makes precise inferences about the number 
and the specific relationships of various com
partments. In theory, compartmental kinetics 
can provide more information than noncom
partmental kinetics. The relative advantages 
and disadvantages of these computational ap
proaches have been reviewed.34 

It is important to emphasize that the analy
sis, whether noncompartmental or multicom
partmental, ordinarily estimates the distribu
tion and metabolism of only plasma-derived 
hormone. This type of analysis does not lead 
to any significant error in the case of T4, since 
it can be safely assumed that the only source 
of T4 is the thyroid and the secretions of the 
thyroid gland are immediately poured into the 
central plasma compartment. As discussed 
subsequently in this chapter, however, the 
principal source of T3 in humans, under base
line physiologic conditions, is the monodeiod-
ination of T4 by peripheral tissues. For most 
tissues and presumably for the bulk of ex
changeable T3, the equilibration between the 
tissue source of T3 and plasma is rapid. How
ever, further studies have shown that with 
certain tissues, such as brain and pituitary, a 
relatively slow rate of equilibration leads to 
significantly higher specific activities of T3 than 
in plasma.107 Any T3 that is formed in the 
peripheral tissues but is metabolized before 
going to the plasma will not be registered in 
these analyses. The overall error introduced 
by making the assumption that all T3 is plasma 
derived has not been fully evaluated. In the 
rat, however, calculation of the total distribu
tion volume and metabolic clearance rates by 
special methods designed to obviate the prob
lems posed by the generation of T3 from T4 in 
slowly equilibrating pools 35 has yielded values 
similar to those estimated by noncompartmen
tal methods.97 It is reasonable, therefore, to 
assume that the analytic error in humans is 
also relatively small. Additional studies, how
ever, are required to settle this issue. 

Given these limitations in analysis, current 
estimates in humans suggest that the total 
distribution volume (central compartment + 
external compartments) for T4 is approxi
mately 6.5 L/m2 and that for T3, 13.7 L/m2.97 

Moreover, both for T4 and for T3, both slowly 
and rapidly exchanging external compartments 
have been defined. The rapidly exchanging 
compartment has been identified anatomically 
with liver and kidney,126 and the slowly equil
ibrating compartment, with muscle, skin, and 
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brain.136 In humans, equilibration between the 
plasma T4 and the rapidly exchanging com
partment is essentially complete within 4 hours 
after the intravenous injection of the tracer.126 

The slowly equilibrating pools require about 
24 hours.124 Approximately 58% of the total 
distribution volume of T4 represents T4 bound 
to plasma proteins, 29% to the rapidly ex
changing compartment, and the remaining 
13% to the slowly exchanging pool.133 With T3, 
approximately 30% of T3 is associated with 
plasma protein and the remainder with the 
cellular pool. The fractional turnovers of T4 
and T3 are approximately 11% and 117%/day, 
yielding average half-lives of 6 and 0.5 days, 
respectively (see Table 4-1).133 

The role of the interstitial (extravascular 
extracellular) space in the equilibration process 
deserves some comment. Wherever measure
ments have been made, such as in the cerebro-
spinal fluid,68 all three thyroid hormone-bind
ing proteins have been demonstrated. In 
comparison with serum, there appears to be a 
somewhat higher relative content of TBPA in 
the cerebrospinal fluid. The overall content in 
thyroid hormone-binding proteins reflects the 
marked reduction in the protein content in 
cerebrospinal fluid compared with serum. 
Moreover, within the experimental error of 
the assay of free hormone there are no marked 
differences from serum in the concentra
tions of free iodothyronines in these body 
fluids.68 205 This is not surprising in view of the 
principle that the concentration of free hor
mone is generally independent of dilution.132 

The rate of equilibration of thyroid hor
mones between the vascular, the interstitial, 
and the cellular compartments appears to be 
greatly influenced by the fractional rate of exit 
of protein through capillary pores.134 The ef
fective size of these pores may be of critical 
importance in determining the rate of equili
bration. In the liver, electron microscopy re
veals no effective anatomic barrier between 
the lumen of hepatic sinusoids and the paren-
chymal cell, and the rate of equilibration be
tween these anatomic compartments is rapid. 
In contrast, the rate of equilibration is slow in 
muscle in which the capillary appears to be 
lined by a continuous basement membrane.9 

The rate-limiting factor in the transport of 
iodothyronines from plasma to cells may be 
the exit of the hormone-binding unit from the 
capillary.125 

Overall, the distribution of T4 or T3 in the 
body can be viewed as an exchange between 

cellular and plasma components.133 In analyz
ing the kinetics of the iodothyronines, it may 
be useful to divide total body T3 or T4 into two 
composite compartments, one representing the 
iodothyronine bound to plasma-binding pro
teins, whether in the plasma or extravascular 
space, and the other representing the aggre
gate cellular compartment. The partition of 
body T4 or T3 will represent under steady-state 
conditions the net balance of the net effect of 
plasma protein binding and what can be 
termed "tissue binding." The net plasma pro
tein binding can be evaluated mathematically 
simply from the product of the strength of 
plasma protein binding determined by equilib
rium dialysis (bp = 1/DF) and the net distribu
tion volume of the plasma binding proteins 
(Vp), which can be approximated by the dis
tribution of 125I-albumin.133 Thus, Bp = Vpbp, 
where Bp is the total body plasma protein 
binding. From the operational definition of 
cellular binding offered and the fact that the 
mass of free hormone in the body is negligible 
in comparison with bound hormone, it follows 
that the ratio of total cellular to total plasma 
protein binding will be proportional to the 
pool size of cellular and plasma protein-bound 
hormone. In other words 

Bç = (VT - VP) c4 = V T - VP 
Bp VPc4 VP 

where VT = total body distribution volume of 
125I-albumin, which can be readily determined 
by standard isotopie techniques, and c4 = con
centration of T4 in plasma. Equation 7 simply 
states that net cellular binding stands in the 
same ratio to the net plasma protein binding, 
as the volume of extra plasma protein to the 
plasma protein volume. By simple rearrange
ment of equation 7 and substitution of bpVp 
for Bp, we derive the relationship 

Bc = ( V T - V P ) b P (8) 

Equation 8 can be evaluated from experi
mentally determined albumin spaces and the 
DF of the serum. As previously indicated, 
approximately 58% of total body T4 and 32% 
of total body T3 are situated in the plasma 
protein compartments. One can therefore cal
culate that the ratio Bc/Bp for T4 is 0.72 and 
for T3, 2.1. Since overall plasma protein bind
ing of T4 is approximately 10-fold greater than 
that of T3 (i.e., (bp)4/bp)3 = 10), the overall 
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cellular binding of T4 in humans exceeds that 
of T3 by a factor of about 3.4. 

The concept of cellular binding deserves 
additional clarification.127 134 It represents the 
sum of factors that are responsible for the 
retention of hormone in the cellular compart
ment in competition with the effects of plasma 
protein binding. The ability of both T3 and T4 
to penetrate the cells and to bind in a nonspe
cific fashion to all of the subcellular fractions 
and organelles has been demonstrated both by 
ultracentrifugai fractionation and by radioau-
tography.128, 134, 182 Thus, cellular protein bind
ing per se contributes in a major fashion to 
the retention process.129 In addition, however, 
any energy-dependent process that contributes 
to the cellular accumulation of hormone would 
also serve to increase the estimated cellular 
binding. In theory, the metabolism of iodothy-
ronine in the cellular compartment would tend 
to decrease the apparent cellular binding by 
lowering the cellular content of hormone. In 
practice, however, the fractional exit rate rep
resenting metabolism is very small compared 
with the fractional rate of interchange with 
plasma and therefore, can be disregarded as a 
first approximation. 

Determinants of Common Kinetic 
Parameters 
The utility of the concept of cellular binding 
becomes apparent in considering the factors 
that determine the commonly used kinetic pa
rameters, including the total distribution vol
ume (VT), the fractional turnover (k), and the 
metabolic clearance rate (MCR) of the hor
mone. The MCR represents the plasma vol
ume equivalent of a hormone that is irrevers
ibly degraded or excreted per unit time; VT, 
the plasma volume equivalent containing the 
entire body pool of hormone; and kT, the 
fraction of total body hormone irreversibly 
removed per unit time. In practice, these meas
urements are made with the assumption that 
all portions of the cellular hormone pool are 
exchangeable with the plasma pool. Each pa
rameter is influenced by the total plasma 
protein binding (Bp = Vpbp), the cellular bind
ing as previously defined (Bc), and the fraction 
of cellular hormone irreversibly metabolized 
per unit time (kc). It can be shown that the 
following relationships apply:127 

VT = VP + Bc/Bp (9) 

kT = kcBc/(Bc + Vpbp) (10) 

MCR = Bckc/bp (il) 

These equations resolve the individual pa
rameter into tissue and plasma protein deter
minants. This distinction assumes practical im
portance from the generalization that 
alterations in plasma protein binding of thyroid 
hormones do not in a steady state influence 
the biologic behavior of the organism. Thus, 
if kinetic measurements are made in a given 
pathophysiologic setting, such as hyperthyroid
ism, it is possible to determine whether the 
changes in VT, kT, and MCR are due simply 
to the effects of hyperthyroidism on plasma 
binding proteins, are due to direct effects on 
the tissues, or are due to both. Rearrangement 
of equation 11 shows that the cellular compo
nent of the metabolic clearance rate, kcBc, 
equals (MCR)bp. This value represents the 
metabolic clearance of free hormone. The 
principle of tissue binding is equally applicable 
to individual tissues.72 For studies with rat, the 
equilibrium ratio of cellular hormone per gram 
to plasma hormone per milliliter is defined as 
cellular binding. This value thus provides an 
index of the overall intensity with which a 
given tissue can compete with plasma proteins 
for T4 or T3. 

Mechanisms Underlying Plasma-Tissue 
Hormone Exchange 
Some of the most controversial and poorly 
understood aspects of iodothyronine kinetics 
relate to the specific molecular mechanisms 
responsible for the interchange of hormones 
between plasma and tissues. The magnitude of 
this interchange is illustrated by the following 
examples. 

In humans, one can calculate from a variety 
of kinetic parameters that the quantity of T4 
that enters the liver per minute (unidirectional 
flux) is 3.1 μgm.126 This value represents ap
proximately 2.2% of the delivery rate of total 
hormone as calculated from the product of the 
hepatic blood flow and the total T4 concentra
tion. This quantity, however, is about 45-fold 
greater than the entire body T4 turnover per 
minute. It is, therefore, obvious that the vast 
bulk of T4 that penetrates the liver must return 
to the plasma without being metabolized or 
excreted. The magnitude of the exchange is 
even more startling when expressed not in 
terms of total T4 but of free T4. Thus, the 
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unidirectional clearance rate of plasma-free T4 
calculated from the quotient of the unidirec
tional flux (3.1 μgm/min) and the average free 
T4 concentration in plasma (15 ngm/L) yields 
a value of 106 L/min or approximately 206-
fold the hepatic blood flow. Since there is no 
evidence to support the supposition that thy-
roxine-binding proteins can actually penetrate 
the hepatic cells, it appears very likely that a 
rapid exchange of T4 between plasma proteins 
and elements of the hepatocellular plasma 
membrane allows the multiple recirculations 
of the effective free hormone during a single 
pass of blood through the hepatic sinusoids. 

Similar considerations are applicable to ex
perimental studies in rat tissues. Thus, calcu
lations based on the unidirectional transfer 
constant from plasma to liver suggest that 
essentially all of the T4 delivered to the liver 
(hepatic blood flow x plasma T4) is taken up 
by the hepatic parenchyma.72 However, mak
ing the limiting assumption that all of T4 is 
metabolized in the liver, it can be shown that 
over 99% of the T4 taken up by the liver must 
be returned to the plasma without prior met
abolic transformation. The free T4 clearance 
thus is about 3000-fold the hepatic blood flow. 

These considerations explain experiments in 
which prealbumin and albumin have had no 
significant effect in retarding the transfer of T4 
from plasma to liver in single-pass perfusion 
experiments.139 The rate of dissociation of T4 
simply exceeded the ability of the specific 
protein to retain T4 in a single-pass perfusion 
experiment. However, the results of these sin
gle-pass perfusion experiments have prompted 
the expression of fundamental reservations 
about the usefulness of the free thyroxine 
hypothesis.139 These investigators, instead, 
propose that the rate of transfer of T4 and T3 
from plasma to certain tissues is mediated by 
albumin or prealbumin and that, in general, 
transport is governed by the length of the 
capillary path and by specific physicochemical 
conditions at the endothelial level, which are 
postulated to facilitate the rate of dissociation 
of T4 bound to proteins.139 The concept that 
certain hormone-binding protein complexes 
serve as a source of "available" hormone for 
given tissues has also been advanced in con
nection with these studies. 

Other observers, however, have pointed out 
that single-pass perfusion experiments in which 
only the unidirectional egress of T4 from the 
capillary is measured cannot predict the 
steady-state partition of hormone between 

plasma and cells.40' 156 There is an almost 
equally rapid backward movement from liver 
to plasma, and both the forward and backward 
rates will determine the final distribution of 
hormone. Since there is a rapid exchange of 
hormone among all binding protein species, it 
may be inappropriate to define hormone 
bound to one species of protein as "available" 
and hormone bound to another species as 
"unavailable." 

In comparison, the single-pass perfusion 
studies as well as the kinetic studies cited do 
focus attention on what are important and still 
largely unresolved questions with respect to 
the mechanism of transfer of protein-bound 
ligands from one macromolecule to another. 
Although some fragmentary data regarding the 
rate of association and dissociation of T4 have 
been published7476 and appear to support the 
possibility of the rapid interchange,156 addi
tional physicochemical studies are needed, as 
well as a detailed mathematic treatment that 
takes into account an accurate estimation of 
the values of the binding constants and the 
physiologic data already reviewed. Although 
the free T4 hypothesis probably will undergo 
further refinement with respect to the details 
that describe the approach to the steady state, 
the overall validity of the hypothesis in pre
dicting the steady-state partition of hormone 
appears assured. 

METABOLISM OF THE 
IODOTHYRONIMES 
General Patterns 
Following the original identification of T3 in 
plasma in 1952,183 several investigators pro
posed that T4 could be monodeiodinated by 
peripheral tissues to the more potently calori-
genie T3.65'67 113'114 This concept, however, did 
not gain credence initially, in large part be
cause of a report108 that suggested that the 
small quantities of 131I-T3 demonstrated in the 
sera of patients injected with 131I-T4 repre
sented the residual 131I-T3 contaminating the 
injected 131I-T4 dose. This publication consti
tuted a retraction of a previous publication in 
which they had suggested that T4 to T3 occurs 
in human beings and is physiologically impor
tant.143 In retrospect, this retraction appeared 
unfounded, since the rapid metabolism of con
taminating T3 in the patient would have re
sulted in substantially lower quantities of T3 
than were actually found. Under any circum-
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stance, the possibility of peripheral mono-
deiodination as a source of T3 remained dor
mant until 1970 when the concept was revived 
by the finding of unlabelled T3 in the plasma 
of thyroidectomized patients maintained on 
replacement doses of T4.17 Peripheral mono-
deiodination of T4 with the formation of T3 
was rapidly confirmed both in humans36-2n and 
in rats.183 Moreover, evidence came to light 
that suggested that T4 acted in large part as a 
prohormone for T4.86'131 The phenomenon of 
T4 to T3 conversion by peripheral tissues is 
now recognized as a central physiologic control 
mechanism in the regulation of thyroid hor
mone action. These developments have stim
ulated a great deal of interest in the broader 
issues that relate to T4 and T3 metabolism and 
the mechanisms responsible for their deiodi
nation. 

The overall pattern of iodothyronine metab
olism has been extensively reviewed42 and is 
summarized as follows (Fig. 4-4). The periph

eral deiodination of T4 results in the formation 
of T3 and rT3, substances that subsequently are 
sequentially deiodinated with the terminal for
mation of T0. Such deiodination results from 
the action of several enzymes that display both 
substrate and tissue specificity. There are two 
5'-deiodinases, designated as type I and type 
II, both of which remove iodine from either 
the 3' or 5' position of the tyrosyl ring and are 
thus responsible for the peripheral generation 
of T3. Because of the free rotation about the 
ether linkage of T4, these enzymes do not 
distinguish between 3' and 5' iodines. The two 
species of 5' deiodinases are characterized by 
a selective tissue distribution, an inhibitor 
specificity, and a distinctive set of kinetic re
action mechanisms, which will be reviewed 
subsequently. The action of the T4 
5'deiodinase results in the formation of rT3. 
Other enzymatic processes involved in the bio-
transformation of iodothyronines include 
deamination; sulfation; glucuronidation; and, 
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to a limited extent, ether cleavage under oxi-
dative conditions. 

The importance of iodine in thyroid hor
mone economy and the ready availability of 
5'-radioiodine labelled iodothyronine have di
rected considerable attention to the fate of 
labelled iodine. In humans, approximately 
15% of the iodine in the 5' position is even
tually excreted via the fecal route either as an 
altered T4 or as T4 glucuronide; the remaining 
85% is initially distributed to the thyroid gland 
where it is reutilized for T4 formation and to 
the kidney where it is excreted in the urine as 
iodine.162 In contrast, in the rat approximately 
50% of labelled T4 is excreted by the fecal 
route; the remainder is distributed to the urine 
and thyroid.1 In both species, only trace quan
tities of labelled T4 are excreted either as 
iodothyronines or as iodotyrosines in urine. 
The partition between thyroidal and urinary 
accumulation of iodine reflects a level of thy
roidal activity. In a population with a high 
iodine intake, approximately 15% of any ab
sorbed iodide dose is accumulated in the thy
roid; the remaining radioactivity is excreted in 
the urine. With iodine deficiency or with thy
roidal hyperactivity for other reasons, a sub
stantial increase in the accumulation of iodide 
by the gland occurs. 

Quantitation of Overall Metabolism 
Although there are multiple approaches to the 
measurement of thyroid hormone metabolism, 
perhaps the most widely used technique de
pends on only the serial measurement of 
plasma radioactive hormone levels following 
the intravenous injection of 125- or 131-la-
belled iodothyronine. As previously indicated, 
the plasma disappearance curve can be ana
lyzed by either compartmental or noncompart-
mental kinetics. Of these, the more popular 
and simpler has been the noncompartmental 
approach, although as discussed, more infor
mation is obtained from compartmental anal
ysis.34 Briefly, the following equations can be 
applied127 to determine the MCR, the mean 
residence time of hormone ( t ) , the total dis
tribution space (VT), and the average fractional 
disappearance rate (kT): 

kT = 1/t (15) 

MCR = D//:c*dt 

t = /?c*tdt//Tc*dt 

VT =MRC(t ) 

(12) 

(13) 

(14) 

where c* is the instantaneous concentration of 
hormone in plasma, and t is time. The integrals 
in these equations can be evaluated by graphic 
techniques127; alternatively, the values for the 
parameters are readily solved by computer 
techniques.34 The results of such analysis have 
been discussed and are summarized in Table 
4-1 . 
The interpretation of plasma tracer disap

pearance curves is clearly dependent not only 
on the mathematical model assumed but on 
the fidelity with which the generating curve 
represents the disappearance of the iodothy
ronine traced. Thus, both the presence of 
radioactive contaminants in the dose injected 
and the generation of radioactive products, 
including iodothyronines, iodoproteins, and io
dide, can introduce serious error unless appro
priate plasma separatory techniques are ap
plied.199 215 

Quantitation of T4 to T3 Conversion 
As previously discussed, the recognition of the 
pivotal role of T3 in determining the thyroidal 
status of tissues has stimulated enormous in
terest in the peripheral conversion of T4 to T3. 
The quantitation of this process has presented 
a special challenge, especially in view of the 
obvious clinical and physiologic implications 
of this process. The problem also raises several 
theoretic and practical issues, deserving special 
consideration. 

The fundamental parameter that must be 
determined to solve this problem is the con
version ratio of T4 to T3 (CR4_3), which is 
defined by the following equation: 

(MCR)3c3 = S3+ (CR)4_3(MCR)4c4 (16) 

where S3 is the thyroidal secretion rate of T3; 
c3 and c4 are the concentrations of T3 and T4 
in plasma, respectively; and MCR is the met
abolic clearance rate with the subscripts refer
ring to T3 and T4. Rearranging equation 16 we 
obtain 

(CR)4 
(MCR)3c3-S3 

(MCR)4c4 
(17) 

Although it is relatively simple to measure 
the MCRs as described in the previous section, 
direct measurement of thyroidal secretory rate 
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is difficult. It is therefore necessary to quanti-
tate directly the conversion ratio by application 
of isotopie techniques to the unmanipulated 
animal or to estimate it indirectly by first 
eliminating thyroidal secretion and subse
quently supplying exogenous T4 at a fixed rate. 
In theory, the direct measurement of 125I-T3 
following the administration of 125I-T4 would 
appear to be straightforward and readily quan-
titated. However, the equilibrium ratio of 
125I-T3/125I-T4 achieved ranges from 1/100 to 
1/200. Such a preponderance of 125I-T4 makes 
it exceedingly difficult to separate the two 
labelled hormones by the most readily avail
able Chromatographie techniques. In humans, 
efforts to circumvent this problem have been 
cumbersome. In one approach, iodothyronines 
labelled with separate nuclides were used.142 

This technique clearly is not suitable for the 
study of multiple patients. Moreover, the cal
culated contribution of conversion to the total 
production rate fell sharply below subsequent 
estimates by other methods. 

In order to bypass this problem the conver
sion ratio of thyroidectomized patients main
tained on a constant replacement dose of T4 
has been evaluated by determining the turn
over of T4 and T3 by standard isotopie tech
niques.202 Under these circumstances, S3 in 
equation 16 is reduced to zero. It is therefore 
possible to quantitate the conversion ratio sim
ply from the turnover of T3 [ = (MCR)3c3], 
determined from the plasma disappearance 
curve of 131I-T3 and the radioimmunoassay of 
serum T3, and the turnover of T4 
[ = (MCR)4c4], calculated from the disappear
ance curve of 125I-T4 and the radioimmunoassay 
of serum T4. This approach was feasible, since 
it was technically simpler to measure the con
centration of both nonradioactive iodothyro
nines by radioimmunoassay procedures than 
to separate with equal precision a higher ratio 
of radioactive T4 to T3 in serum. It should be 
noted that since the T4 5'-deiodinase attacks 
both the y and 5' positions of T4, only one of 
which is labelled, deiodination will result in 
the generation of only one labelled molecule 
of T3 for every two molecules generated. The 
results of this study suggested the average 
conversion ratio in seven patients studied was 
42.6% with a range from 30.7 to 50.8%. More
over, the plasma level of T3 generated by 
peripheral conversion, 136 ngm/dl, was 93% 
of the average concentration of T3 in these 
patients. These findings therefore suggested 
that the large bulk of circulating T3 arose from 

peripheral conversion of T4 rather than from 
direct thyroidal secretion. An essentially simi
lar conclusion was reached in other studies 
using this approach,11'82 although the estimates 
of the percentage of T4 production rate con
verted to T3 was less, 2 5 % n and 28%.82 In 
another study approximately 33% of exoge-
nously administered T4 was converted to T3.18 

In a study44a of thyroidal conversion in 19 
hypothyroid patients evaluated with the re
placement method introduced by some mem
bers of the same group some 13 years earlier,197 

the average conversion ratio was found to be 
26 ± 4 (SD)%, significantly less than the 
original estimates reported. Thus, there ap
pears to be general agreement in later studies 
about the lower values for the conversion ratio. 

The most important limitation of this ap
proach is that it can be performed only in a 
thyroidectomized or hypothyroid patient on a 
constant maintenance dose of levothyroxine. 
The procedure is based on the assumption that 
the conversion ratio in a treated euthyroid 
patient is equivalent to that in a normal sub
ject. From an analytic point of view, the results 
are contingent on the precision of the radio
immunoassay of both serum T3 and serum T4. 

The direct method for assessing the conver
sion ratio was originally applied to a study of 
monodeiodination of T4 in the rat.183 The equi
librium radioactive T3/T4 ratio in total body 
carcass together with supplementary data on 
the turnover kinetics of T4 and T3 permitted 
calculation that showed that in the rat 17% of 
the T4 turnover resulted in T3 formation. Since 
T3 is preferentially concentrated in the tissues, 
the use of the total body homogenates resulted 
in a lower equilibrium radioactive T3/T4 ratio 
than in serum and thus facilitated accurate 
quantitation of the conversion ratio. The direct 
approach has also been successfully used in 
determining T4 to T3 conversion in normal 
humans.11 In this study, two methods of cal
culation were used, the convolutional method 
(a noncompartmental approach) and the T3/T4 
equilibrium value method. The adoption of a 
sensitive gel Chromatographie technique for 
separating radioactively labelled T3 and T4 in 
serum made it possible to analyze the plasma 
disappearance curves. These workers also 
compared the values for the conversion ratio 
obtained in T4-treated hypothyroid patients 
with the two direct methods and with the 
indirect method previously described. All 
three approaches yielded essentially identical 
results and suggested an average conversion 
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ratio ranging from 25 to 30%, depending on 
the method and patient group studied. Ap
proximately 72% of exchangeable T3 origi
nated from conversion. 

Efforts have been made to simplify quanti-
tation of T4 to T3 conversion by measuring 
radiolabelled T3 in urine after the intravenous 
injection of 125I-T4. The assumption is made 
that there is a direct precursor-product rela
tionship between injected T4 and urinary T3.18 

However, the claim has been made that uri
nary measurements lead to a systematic over-
estimation of the conversion ratio.12 This prob
lem has been attributed to an underestimation 
of total body deiodination by the restricting of 
measurements to urinary iodide. In essence, 
the most current data suggest that the average 
conversion ratio of T4 to T3 in human subjects 
falls between 25 and 30%, and approximately 
82% of T3 production is due to peripheral 
conversion with the remaining 18% supplied 
by direct thyroidal secretion. 

Deiodination at the Tissue Level 
Deiodination reactions constitute central 
mechanisms both in the generation of T3 from 
T4 and in the degradation of iodothyronines. 
The balance of the processes plays a critical 
role in establishing the tissue effects of any 
given rate of thyroidal secretion. Substantial 
research in the past decade has been designed 
to define individual deiodinases and to describe 
their molecular action. The overall strategy in 
achieving these objectives has included an 
analysis of the in vitro enzymatic deiodinating 
activity of individual tissues and an effort to 
correlate such activity with the results of ex
periments in which the distribution and metab
olism of injected radiolabelled iodothyronine 
in whole animals are quantitated. The ap
proach is further refined when the study of 
inhibitors, such as propylthiouracil, and stim
uli, such as starvation, are compared at both 
levels of organization. 

Although there has been substantial prog
ress in this area, the field is hampered by two 
major problems. First, none of the deiodinases 
has so far been isolated and characterized. 
This is undoubtedly related to the fact that 
they are membrane bound and therefore not 
readily solubilized. A second problem is the 
difficulty of determining in whole animal ex
periments the metabolic contribution of spe
cific tissues to the net deiodination as measured 
by the tracer methodology described previ-
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ously. This is related to the slow rate of irre
versible metabolism by the tissues in compar
ison with the rapid rate of hormone delivery 
by the circulation. As a consequence, the net 
arteriovenous extraction is too small to meas
ure. 

Recent studies, however, have been helpful 
in drawing attention to the action of deiodi
nases that are responsible for the creation of 
significant concentration gradients in certain 
tissues.32 106' 107' 187189 In essence, the content 
of T3 in these tissues, including pituitary and 
brain, is greater than can be attributed to an 
external T3 source, feeding into the plasma 
compartment. This finding can be demon
strated by the simultaneous intravenous injec
tion of 125I-T3 and 131I-T4. The tissue concentra
tion of T3 derived from T4 can be assayed by 
the content of 131I-T3 and the concentration of 
T3 derived from plasma by the content of 125I-
T3. In liver, kidney, and heart tissue, T3 con
tent could be calculated from the tissue/plasma 
ratio of 125I-T3 and the plasma T3. The produc
tion of T3 in these tissues by deiodinases did 
not result in local accumulation. These results 
confirmed those of earlier studies.198 In pitui
tary and brain, however, the content of T3 was 
calculated to be substantially higher than pre
dicted from the equilibrium tissue/plasma ra
tio. In the pituitary, approximately 50%187 and 
in the brain, approximately 70% of T3 were of 
local origin.32 

These observations thus emphasize the po
tential impact of local T4 monodeiodination in 
pituitary and brain. Some investigators have 
suggested that local deiodination in the pitui
tary may provide an explanation for the unu
sual sensitivity of pituitary TSH release to 
administered T4.188 The ability of T4 to shut off 
TSH secretion almost as rapidly as T3 had been 
puzzling in light of the greater biologic activity 
of T3. The explanation provided suggests that 
local deiodination of the administered T4 re
sults in the rapid accumulation of intracellular 
T3. As a consequence of an interaction of this 
T3 with the specific nuclear receptors, TSH 
release is shut off. However, later clinical data 
suggest that in humans, plasma T3 rather than 
T4 modulates pituitary TSH release.443 

The ability to monitor the cellular T3 content 
derived from local intracellular deiodination in 
pituitary and brain has provided an opportu
nity to correlate the in situ behavior of the 
deiodinase in these tissues with enzymatic ac
tivity as measured in vitro. From a teleologie 
perspective, the ability of a given tissue to 
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contribute selectively to the T3 content of that 
tissue could provide a distinctive biologic ad
vantage to the organism. As discussed subse
quently, the ability to maintain the necessary 
T3 content in brain under conditions of iodine 
deficiency and borderline systemic hypothy-
roidism mitigates impaired central nervous sys
tem developments, which characterize neona
tal hypothyroidism. 

The basis of preferential accumulation of T3 
in certain tissues is apparent in the following 
kinetic considerations. In the model of tissue-
plasma exchange illustrated in Figure 4-5, the 
concentration of T3 in the tissues under steady-
state conditions is provided by the following 
formula: 

^ _ Κ1-Γ3 + ^ 3 - 4 
3 " k3 + k2 

where S3_4 is the rate of local T3 production in 
the specific tissue. P3 is the tissue concentration 
of T3, kl5 k2, and k3; the fractional transfer 
constants as illustrated in Fig. 4-5. For any 
given rate of local T4 deiodination S3_4, the 
determining factor is the relationship of kxP to 
S3_4. If kl5 the fractional forward rate constant 
from plasma to the cell, is sufficiently large to 
make k1P>>S3_4 , the effect of local deiodi
nation is negligible. The opposite is true if the 
value of kx is low. For a given rate of local 
monodeiodination, the contribution of local 
deiodination hinges substantially on the mag
nitude of the forward rate constant. The more 
rapidly T3 enters from the blood, the less will 
be the effect of local deiodination on the tissue 
T3 content. 
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Figure 4—5. Kinetic representation of transfer of io-
dothyronines from plasma to tissue. The relationship 
between the rate of delivery of hormone to the tissue 
(kjP) and the rate of conversion of T4 to T3 (S4_3) in 
the tissue will determine whether the tissue will de
velop a local T3 tissue/plasma gradient (P = plasma 
protein compartment; C = cellular compartment); K17 
K2, and K3 = fractional transfer constants.. 

Most of the information about iodothyro-
nine deiodinases has been obtained from the 
study of the deiodination reaction carried out 
in vitro with the use of homogenate prepara
tions. In general, the analyses of such reactions 
have measured the reaction kinetics with sev
eral substrates at varying concentrations and 
temperatures. The effects of cofactors and 
inhibitors are exploited to characterize the 
enzyme. The deiodinases are designated ge-
nerically by what is considered to be the prin
cipal biochemical action and its biologic sub
strate. Current classifications are based 
entirely on functional criteria. With the devel
opment of more refined techniques for char
acterizing the deiodinases, additional subdivi
sion in classification can be anticipated. An 
example of this is the recent recognition of 
two types of T4 5'-deiodinases. 

Deiodinases have been detected in human 
tissues, including kidney slices,2 placenta,178 

and fibroblasts, and liver and kidney cells in 
culture.152' 195 Current concepts hold that there 
are two major classes of enzymes acting upon 
the 5' and 5 ioidine substituents of the T4 
molecule, T4 5'-deiodinase and T4 5-deiodi-
nase, respectively. Although the speculation 
was originally advanced that deiodination of 
T4 was a random process,200 it is now firmly 
established that deiodination is enzymatic in 
nature and is regulated by pathophysiologic 
determinants. The action of T4 5'-deiodinase 
results in the formation of T3, whereas the 
action of T4 5-deiodinase generates rT3. The 
results of several in vivo metabolic studies in 
humans suggest that approximately 41% of T4 
is degraded via T3, 38% via rT3, and the 
remaining 21% via other pathways, including 
sulfation, glucuronidation, deamination, and 
ether cleavage (Fig. 4-6).42 

The bulk of information regarding the deio-
dinating enzymes comes from the study of rat 
homogenate preparations. T4 5'-deiodinase ac
tivity has been demonstrated in liver, kidney, 
heart, pituitary,26' 29> 73<93'96-147 213 and in brown 
fat adipose tissue.112 Although the tissues 
showing the most active deiodination activity 
in vitro are liver and kidney, it cannot be 
automatically assumed that these tissues pro
vide a commensurate share of T3 in the intact 
organism. Both of these tissues accept rT3 
preferentially as a substrate with the formation 
of 3'5'-diiodothyronine. The deiodination re
action requires the presence of an SH-contain-
ing group of compounds, such as dithiothreitol, 
and suggests that such substances act as nee-
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Figure 4—6. Partition of degradation pathways of T4 
via the formation of T^ reverse T^ and other metabolic 
products. (Modified from Engler, P. and Burger, A.: 
The deiodination of iodothyronines and their deriva
tives in man. Endocr. Rev. 5:151-184, 1984, with 
permission.) 

essary cofactors in situ. The SH-containing 
groups are probably involved in a reduction of 
the iodothyronine substrate.30' 214 The 5'-deio-
dinase enzyme has been reported to be local
ized in the microsomes of the liver44' 214 and 
the membrane fractions of the kidney.26' 115- 118 

Starvation of rats characteristically reduces 
the activity of hepatic T4 5'-deiodinase but fails 
to produce changes in either kidney or cerebral 
cortex.4 5 54 70 93 In the hypothalamus, star
vation is reported to be associated with an 
increase in the rate of deiodination.90 94 It is 
not clear whether the reduced enzyme activity 
in starvation is due to a reduction in cofactor 
or enzyme concentration. Recent studies favor 
the view that a decreased enzyme concentra
tion is primarily responsible.27' 56a- 57- 180 The 
effect of starvation on rat hepatic 5'-deiodinase 
has frequently been used as a model for the 
study of the diminished T4 to T3 conversion in 
humans subjected to caloric deprivation.206 

However, recent studies have shown that in 
the rat, the reduction in serum T3 produced 
by starvation is due to a diminished thyroidal 
secretion of T4 and not to an overall reduction 
in the peripheral conversion of T4 to T3.98 This 
finding implies that in the rat, the reduced 
hepatic 5'-deiodinase activity is offset by in
creased deiodination in other tissues or that 
the in vitro measurement of hepatic deiodina
tion does not reflect hepatic activity in situ. 
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Thyroidal state also influences the activity 
of hepatic T4 5'-deiodinase, with a decrease in 
hypothyroidism and an increase in hyper-
thyroidism.7'71 89'92 In general, the alterations 
in kidney enzyme follow those in liver. The 
responses in brain and pituitary, however, di
verge from those in liver and kidney. Thus, 
hypothyroidism is associated with an increase 
in T3 production in brain96 and pituitary.207 

Propylthiouracil (6-propyl-2-thiouracil, PTU) 
also exerts major effects on the deiodination 
of T4, effects that have been recognized for 
three decades.25 PTU has further been shown 
to inhibit T4 to T3 conversion in whole rat 
experiments.131 The inhibition, however, was 
only approximately 50%, in contrast to sub
sequent in vitro experiments in which maximal 
concentrations of PTU could achieve a nearly 
100% inhibition of T4 5'-deiodinase.25 26' 81 214 

This discrepancy is apparently due to the het
erogeneity of T4 5'-deiodinase in the rat. Mer-
captoimidazole, another thionamide com
monly used as an antithyroid agent, does not 
share with PTU the capacity to inhibit deiodi
nation. 

The mechanism of PTU that inhibits deio
dination has been investigated.113' 114 Two half 
reactions have been postulated, the first in
volving the transfer of an iodinium ion from 
the substrate to an essential SH-containing 
group on the enzyme and the second involving 
a reduction of the iodinium-enzyme complex 
by the cofactor. PTU is postulated to compete 
with the substrate for the essential SH-contain
ing group on the enzyme. In turn, dithiothrei-
tol will compete with PTU for the same group 
and thus restore enzymatic action. 

Reference has been made previously to the 
heterogeneous nature of the monodeiodinases 
and to the characteristic differences in tissue 
distribution and response of these enzymes. 
Further additional evidence has come to light 
that fully justifies the reclassification of T4 5'-
deiodinases into two subgroups, type I and 
type II (Table 4-3).187' 189 210 Type I enzymes 
are inhibited by PTU, starvation, and the 
hypothyroid state; in kinetic studies with ho-
mogenate preparations, they exhibit a rela
tively high Km and a sequential reaction pat
tern. Type II enzymes, by comparison, are not 
inhibited by PTU, are generally unaffected by 
starvation, are markedly stimulated by hypo
thyroidism, and exhibit a low Km and an alter
nating enzyme reaction pattern. Type I en
zymes are located in liver and kidney, whereas 
type II enzymes are found in pituitary, brain, 
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Table 4-3 . Characterization of 5'-Iodothyronine 
Deiodinase* 

Type I Type II 
Effect of PTU Inhibition None 
K™ for T4 "High" "Low" 
Tissue localization Liver, kidney Pituitary, CNS 
Response to Decrease Increase 

hypothyroidism 
Response to Increase Decrease 

hyperthyroidism 
Possible Provides T3 to Provides T3 to 

physiologic role serum serum 

♦Adapted from Silva, J. E. and Larsen, P. R. (1983). 
Thyroid Today Vol. 6, No. 4. 

and brown fat adipose tissue. It appears pos
sible that tissues may have a mixture of en
zymes, recent studies having suggested that 
both are present in pituitary.209 Of interest is 
that ipodate and iopanoic acid, gallbladder 
dyes which have been noted to reduce the 
concentration of serum T3,20 are effective in 
inhibiting both type I and type II enzymes. 

As previously mentioned, the striking in
crease in type II T4 5'-deiodinase activity in 
response to partial hypothyroidism may be of 
major adaptive value in maintaining a high 
degree of saturation of brain nuclei with T3. 
The profound effect of thyroid hormone dep
rivation at critical stages of ontogenesis involv
ing the central nervous system is widely rec
ognized, even though the precise biochemical 
and molecular details of these effects remain 
obscure. Deiodinase type II appears responsi
ble for maintaining a high degree of saturation 
of the nuclear receptors, estimated to be over 
90% in contrast to the more typical 50% 
saturation in other tissues.32 Moreover, when 
varying degrees of hypothyroidism were cre
ated in neonatal rat pups with the administra
tion of increasing doses of methimazole to the 
mothers, the level of the concentration of T3 
in the cortex was selectively maintained by a 
10- to 15-fold increase in type II deiodinase.186 

At the same time, the level of activity of three 
brain enzymes (aspartic transaminase, succinic 
dehydrogenase, and Na/K ATPase), which 
serve as markers of thyroid hormone status, 
was maintained as a consequence of the acti
vation of type II T4 5'-deiodinase. 

Of considerable interest is the mechanism 
responsible for increase in type II T4 5'-deio
dinase activity.116 The T4-induced fall in cere
bral deiodinase activity over an interval of 4 
hours was not inhibited either by cyclohexi-
mide or by actinomycin despite an appropriate 
reduction in protein and RNA synthesis. This 

finding would appear to represent a clear ex-
tranuclear biologic effect of thyroid hormone. 
Another report, however, has suggested that 
the decrease in pituitary type II enzyme pro
duced by T3 is dependent on protein synthe
sis.119 

The possibility that type II deiodinase activ
ity in addition to regulating the intracellular 
T3 content in certain tissues may also affect 
the plasma hormone concentration has been 
raised.117 Cessation of T4 administration to 
euthyroid and athyreotic subjects resulted in a 
pronounced increase in the T3/T4 ratio. Since 
preferential T3 secretion by the thyroid could 
be ruled out as an explanation, the autoregu-
latory phenomenon observed must have been 
due to differential peripheral generation of T3 
or to differential metabolism or distribution. 
Further studies to decide among these possi
bilities will be of interest. Studies in the hy-
pothyroid rat do in fact support the concept 
that the type II deiodinase contributes a sig
nificant fraction of T3 to the circulating pool.190 

The identification of type II T4 5'-deiodinase 
in brown fat adipose tissue has raised some 
interesting physiologic possibilities.112 Brown 
fat adipose tissue in the rat is known to con
tribute to heat production as a result of sym
pathetic nervous stimulation following cold ex
posure or food ingestion.50,123'177 A later report 
indicates that noradrenaline and cold exposure 
increase deiodinase activity in brown adipose 
tissue through alpharadrenergic receptors, 
whereas catecholamine depletion with alpha-
methyl-p-tyrosine prevents the effect of cold 
but not of noradrenaline.185 

Unfortunately, comparatively little is known 
regarding the deiodinases that are responsible 
for the degradation of the other iodothyro-
nines. Thus, it is believed that rT3 also serves 
as a substrate of the 5'-deiodinase.93 This may 
account for the slow fractional removal rate of 
rT3 and its accumulation in plasma when the 
level of activity of 5'-deiodinase is reduced 
with starvation or drug treatment. Degradation 
of T3 in brain appears to proceed largely via 
tyrosyl-ring deiodinase.95 The possibility that 
fractional removal of T3 in the neonatal brain 
is reduced in the hypothyroid rat pup in an 
effort to maintain intracerebral T3 content has 
also recently been suggested.191 If this can be 
established, T3 deiodinase may also serve a 
regulatory function. 

Other Metabolic Transformations 
Glucuronidation of the phenolic hydroxyl 
group of T4 and other iodinated thyronines 
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also occurs and contributes to their inactivation 
and biliary excretion.45'169-174~176'204 In general, 
T4 and iodothyronines with two substituents in 
the phenolic group are most susceptible to 
conjugation. Following the intravenous injec
tion of ring-labelled 131I-T4, 40% of the injected 
tracer appeared in the bile as glucuronide 
conjugates.49 Ordinarily, the glucuronide con
jugates are hydrolyzed in the gastrointestinal 
tract, a fact that accounts for the low levels in 
plasma and the failure to find large amounts 
in the feces.163 Glucuronidation occurs not only 
in the liver but in extrahepatic tissues as well.48 

Although the concept of extensive enterohe-
patic circulation in the rat has been proposed,1 

more recent data have challenged this find
ing.52 This question has not yet been investi
gated in humans. 

Sulfoconjugation is carried out by phenol 
sulfotransferases, primarily in the liver and, 
secondarily, in extrahepatic tissues such as the 
kidney.49 164'165 1 6 7 > 1 7 0 Unlike the glucuronides, 
substantial levels of the sulfate esters of iodo
thyronines can be identified in plasma, as a 
consequence of either absorption or extrahe
patic secretion into the blood stream. Iodothy
ronines with one iodine substituent in the 
phenolic ring appear to be better substrates 
than compounds with two iodine substitu
ents.184 A novel function for sulfotransf erase 
action has been suggested, namely, that ante
cedent sulfoconjugation facilitates the deiodi-
nation of certain iodothyronines. Thus, there 
is a correlation between phenolic ring deiodi-
nation of 3,3'-T2 by rat hepatocytes and sul-
fotransferase activity.137 Moreover, the rate of 
tyrosyl deiodination of T3-S to 3,3'-T2S is sub
stantially faster than the rate of deiodination 
of the unconjugated T3.212 Of interest is that 
this facilitation occurs with a relatively low Km 
and therefore does not require saturation of 
the deiodinase enzyme.212 It should be inter
esting to determine whether a similar reaction 
pattern can be demonstrated in vivo and 
whether glucuronidation plays an analogous 
role with T4 and other iodothyronines that 
contain two iodines in the phenolic ring. 

Deamination and decarboxylation of T4 and 
T3 result in the formation of their acetic acid 
analogues, tetrac and triac. These pathways 
have been demonstrated both in animal stud
ies 47' 53' 171~173 and in humans.211 Unlike many 
of the metabolites of T3 and T4, triac is biolog
ically active and binds to nuclear receptors.64 

However, because of its rapid metabolism, the 
concentration of triac in plasma 56a' 122 is prob-
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ably too low to make a significant contribution 
to the thyroid status of the tissues. 

There has been considerable debate about 
the quantitative importance and physiologic 
significance of the oxidative deiodinative proc
esses that are responsible for the cleavage of 
diphenyl ether and the production of periph
eral iodoproteins identified as nonextractable 
iodine (NEI). Some reports indicate that ether 
cleavage does not occur under physiologic cir
cumstances in the rat.141 Further studies, how
ever, have suggested that ether cleavage does 
occur, albeit to a limited extent, perhaps in
volving 6% of the total turnover of injected 
T4.8 Ether cleavage has been demonstrated in 
rat liver of homogenates,6 as well as in phag-
ocytic leukocytes.19 Phagocytosis stimulates 
both T4 uptake and oxidative deiodination by 
leukocytes, and the latter process is in turn 
coupled with ether cleavage and protein iodi-
nation.173 The hypothesis has been advanced 
that iodination of bacteria, which occurs as a 
result of augmented oxidative deiodination by 
leukocytes, could serve an antimicrobial 
function173 and contribute to the overall in
crease in T4 turnover that has been noted in 
some patients with bacterial disease.216 It ap
pears possible that the operation of oxidative 
deiodination at low levels is also responsible 
for the formation of nonextractable iodine 
in plasma and tissues under basal condi
tions.199'203 

CONCLUSIONS 

Thyroid hormones are associated with specific 
binding proteins in plasma and are in equilib
rium with tissue pools. The rate of such equil
ibration is characteristic for each tissue and 
may depend on the rate of transit of protein 
across the capillary bed supplying the tissue. 
The common kinetic parameters of T4 and T3, 
including the fractional turnover rate, meta
bolic clearance rate, and total volume of dis
tribution, depend on plasma protein and cel
lular binding as well as intrinsic cellular 
metabolic processes. Perturbation in plasma 
protein binding does not appear to result in 
any changes in hormone flux or hormonal 
status under steady-state conditions. Measure
ment of the plasma-free hormone concentra
tion by equilibrium dialysis provides for an 
effective correction for alterations in plasma 
protein bindings and, as such, serves as a more 
reliable guide to the influence of the hormone 
at the tissue level than does the concentration 
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of total homone. Binding proteins, both vas
cular and cellular, stabilize the concentration 
of hormone at the critical intracellular receptor 
sites. The conversion of T4, the principal prod
uct of thyroidal secretion, to the metabolically 
more active T3 by deiodinases in the peripheral 
tissues is central to the operation of the thyroid 
system. In certain tissues, such as brain and 
pituitary, nuclear T3 is derived in large part 
from local deiodination of T4 within the cell, 
whereas in other tissues such as liver, kidney, 
and heart, the principal source of T3 is plasma. 
This system provides certain tissues a degree 
of autonomy in the regulation of their nuclear 
receptor T3 content. Although the deiodinases 
have not been isolated, their functional and 
kinetic behavior indicates that there are at 
least two T4 5'-deiodinases, type I and type II. 
The latter is found in brain, pituitary, and 
brown fat, and shows increased activity in the 
hypothyroid state, presumably as an adaptive 
phenomenon. A major challenge for future 
research is to define the contribution of indi
vidual tissues to total T3 formation and to 
achieve a greater degree of understanding of 
the coordination between tissue production 
and utilization of T3 and the optimal tissue 
concentration of T3 for any given physiologic 
setting. 
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5 
Tissue and Cellular 
Effects of Thyroid 
Hormones and 
Their Mechanism 
of Action 

JACK H. OPPENHEIMER 

Despite the long-standing general interest in 
the subject, current concepts of thyroid hor
mone action at the tissue level remain largely 
fragmentary and, for the most part, descrip
tive. The activity of thyroid hormones is gen
erally understood in terms of the catalogue of 
clinical and experimental observations, which 
have been accumulated over the past century 
describing the clinical, physiological, and bio
chemical changes wrought by thyroid hormone 
excess and deficiency. With the advent of the 
newer approaches of cellular and molecular 
biology, however, data are beginning to 
emerge that promise to provide more precise 
understanding of both the initiating events in 
hormone action and the sequence of subse
quent reactions, which result in the ultimate 
expression of hormone function at the tissue 
level. The molecular data also promise to 
provide more general insight into the evolu
tionary significance of thyroid hormone action 
and perhaps begin to provide some unification 
in the diversity of phenomenology that now 
characterizes the field. 

In the first part of this chapter, I attempt to 
provide a broad overview of the biologic im
pact of thyroid hormones. In the second part, 
attention is directed to further studies at the 
cellular and molecular levels. Where possible, 
an effort is made to relate these processes to 
the observed effects of thyroid hormone at the 
biologic and clinical levels. 

TISSUE EFFECTS OF THYROID 
HORMONES 

Historical Perspectives 
Unlike many hormones with highly targeted 
sites of action, such as thyroid-stimulating hor
mone (TSH), thyroid hormones exhibit multi
ple and often apparently unrelated biologic 
effects in diverse tissues. Broadly speaking, 
these biologic effects can be classified as "met
abolic" and "developmental." These functions 
were first recognized as being integrally related 
to thyroidal activity in the last half of the 19th 
century. The syndromes of sporadic and en
demic (iodine-deficient) cretinism were char
acterized by severe developmental defects, in
cluding dwarfism and mental retardation, and 
were associated with distinctive clinical symp
toms, reflecting the metabolic functions of thy
roid hormone. The recognition that the two 
forms of cretinism represented disturbed thy-
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roid function and bore a relationship to the 
metabolic signs and symptoms of the surgically 
created athyreotic state in the adult led to the 
recognition of the role of the thyroid gland.1 

Experimental studies in animals, which dem
onstrated the histologie effects of thyroidec-
tomy in monkeys supported the clinical obser
vations. These relationships were codified in 
the landmark report of the Committee of the 
Clinical Society of London in 1888.2 The rela
tionship of oxygen consumption to the thyroid 
gland was also first recognized clinically by 
Magnus-Levy in 1895.3 Further, with the intro
duction of the Benedict-Roth respirometer, 
measurement of the basal rate of oxygen con
sumption (basal metabolic rate) became the 
only standard clinical laboratory assay of thy
roid function until the development of tech
niques for measuring hormonal iodine in the 
1940s.4 Although Bauman first recognized the 
association of iodine with thyroidal secretion 
in 1896,5 the actual identification of the two 
major thyroidal secretory products did not 
occur until later. Kendall isolated thyroxine 
(T4) in 1914,6 Harrington characterized it in 
1926,7 and Gross and Pitt-Rivers identified 
triiodothyronine (T3) in 1952.8 Although the 
claim that T4 served as the precursor of T3 was 
made soon after the discovery of T3,9-12 these 
reports were generally disregarded until the 
demonstration of T4 to T3 conversion in hu
mans by Braverman and coworkers in 1970.13 

Quantitation of T4 to T3 conversion in the rat,14 

and evidence that the biologic effects of thy
roxine could be effectively reduced when the 
conversion of T4 to T3 was blocked by 
propylthiouracil15 led to the proposal that the 
principal function of T4 was as a precursor of 
T3 and that most of the hormonal effects of 
thyroidal secretion were mediated by T3. These 
proposals were strengthened by the finding 
that the nuclear receptor showed a consider
ably higher affinity for T3 than for T4.16 

Evolutionary Considerations 

Thyroid hormones are characteristically ver
tebrate hormones (Table 5-1). Although mon-
oiodotyrosine and diiodotyrosine can be dem
onstrated in invertebrates as can trace 
quantities of T4 and T3, these substances are 
generally believed to be formed as a conse
quence of nonenzymatic processes.17 Neither 
thyroid hormone-producing cells nor thyroid 
globulin has been identified in such species, 
and hormones do not circulate in the blood 

stream. Thus, most observers do not ascribe 
any function to these compounds in inverte
brates. 

The appearance of circulating thyroid hor
mones with discrete cellular sites of origin is 
coincident with the appearance of the earliest 
vertebrate forms some 500 million years ago. 
Surprisingly high levels of T3 have been re
ported in the ammocoete stage of the 1am-
prey,18'19 a cyclostome and descendant of one 
of the earliest vertebrate species to diverge 
from the main evolutionary course. Plasma 
concentrations of T3 of 3000 ngm/dl are far in 
excess of values found in other species and 
appear not to be due to an unusually strong 
plasma protein binding.19 T4 is also present in 
the lamprey ammocoete, albeit in lower con
centrations, and nuclear T3 receptors in the 
livers of such animals exhibit the same spec
trum of T3 analogue binding as do mammalian 
receptors. An abrupt fall in T3 concentration 
occurs in the transition of the ammocoete form 
to the more mature transformant stage. Both 
T3 and T4, as well as nuclear receptors, have 
been demonstrated in teleosts, and their phys-
icochemical characteristics and analogue bind
ing properties appear to be indistinguishable 
from those found in mammals, amphibians, 
and birds, thus suggesting a high degree of 
conservation. 

Despite the presence of what appears to be 
an initiating apparatus, it has been exceedingly 
difficult to understand the function of thyroid 
hormones in fish. Although the normal smok
ing patterns of the salmon appear to be depen
dent on thyroid hormones,20 thyroid hormones 
do not influence oxygen consumption or the 
level of activity of the hepatic enzymes, which 
are characteristically thyroid hormone respon
sive in mammals.19 There has been little con
vincing direct evidence that thyroid hormones 
are involved in growth and development in 
fish. This factor may have been due to the 
difficulty in producing the hypothyroid state in 
such animals at the appropriate stage of de
velopment and the failure in administering the 
thyroid hormone at the critical time. As 
pointed out subsequently, thyroid hormone 
characteristically functions in coordination 
with other hormones and metabolic factors, 
and if the coordinate signal is lacking, thyroid 
hormone may not produce any effects. 

The bias that thyroid hormone action in 
early vertebrate species is related to growth 
and development of the organism is based on 
the classic experiments of Gudernatsch,21 
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Table 5 - 1 . Evolution of Thyroid Hormone Effector System* 

Differentiated 
(million years) 

< - 5 0 0 
- 6 0 0 
- 2 5 0 
- 1 5 0 
- 1 0 0 

Orders 

Prevertebrates 
Agnatha 
Teleosts 
Birds 
Mammals 

Lipogenic 
enzymes 

+ 
+ 
+ 
+ 
+ 

T3 

-
-
+ 
+ 
+ 

T4 

-
-
+ 
+ 
+ 

Nuclear 
receptor 

-
-
+ 
+ 
+ 

T3-stimulated 

Lipogenesis 

-
-
-
+ 
+ 

o2 con-
sumption 

-
-
-
+ 
+ 

Homeotherm 

-
-
-
+ 
+ 

*Approximate dates of differentiation of species; the appearance of lipogenic enzyme, thyroid hormones, and nuclear receptors; 
and responses of lipogenic enzymes and oxygen consumption to thyroid hormones. These correlations suggest that hormonal 
stimulation of lipogenesis and oxygen consumption may have been necessary prerequisites to the development of the 
homeothermic species. 

which demonstrated the role of thyroid hor
mones in the metamorphosis of the free-swim
ming aquatic tadpole to the terrestrial-based, 
lung-breathing frog. As demonstrated by many 
observers,2224 this involves an extraordinarily 
extensive rearrangement in structure and func
tion and is contingent upon an increase in the 
thyroidal secretion by the tadpole. In the frog, 
however, the thyroid hormones have not been 
assigned a clear-cut function. 

There is every reason, therefore, to suppose 
that the general metabolic effects of thyroid 
hormone represent a recent evolutionary ac
quisition. Increased oxygen consumption of 
the tissues from thyroid hormone-treated an
imals is not apparent in evolutionary develop
ment until the appearance of homeotherms 
approximately 200 million years ago. Similarly, 
the tissues of early vertebrates fail to respond 
to thyroid hormone administration with an 
increase in the activity of lipogenic enzymes.19 

As discussed further, these enzymes may play 
an important role in fueling thyroid hormone-
stimulated thermogenesis. The maintenance of 
a constant temperature under all environmen
tal temperatures by the homeotherm may well 
be contingent on the development of a more 
specific set of metabolic functions of the thy
roid hormones. 

Developmental Effects of Thyroid 
Hormones 
Amphibian Metamorphosis 
As indicated, the phenomenon of amphibian 
metamorphosis has received considerable at
tention in the past as an implicit model of the 
developmental actions of the thyroid hor
mones.2224 Thyroid hormones are essential for 
metamorphosis, and administration of thyroac-
tive preparations markedly accelerates this 
process. Changes that occur in the transition 

of the larval tadpole to the adult frog include 
extensive structural alterations, such as résorp
tion of gills and tail with the development of 
lungs and limb buds. On a biochemical level, 
the transition from the ammonia-excretory 
mechanisms of the tadpole to the urea-excre
tory mechanisms of the frog requires the ap
pearance of urea cycle enzymes. The transition 
is also accompanied by a marked increase in 
serum protein concentration, including serum 
albumin. Tail résorption is associated with an 
augmented level of hydrolases and with locally 
diminished protein synthesis. Larval tadpole 
hemoglobin is replaced by adult frog hemoglo
bin and the transformation of the retinal pig
ment from porphyropsin to rhodopsin. 

The time frame in which these changes occur 
has been divided into three stages: premeta-
morphosis, characterized by rapid body growth 
without differentiation; prometamorphosis, in 
which rate of growth diminishes and differen
tiation begins; and metamorphic climax, asso
ciated with complete cessation of growth and 
maximal rates of differentiation. The duration 
of each phase varies from species to species. 
In Rana catesbeiana tadpoles, premetamor-
phosis requires more than 1 year, prometa
morphosis several weeks, and metamorphic 
climax only 2 weeks. Of considerable interest 
with regard to the role of thyroid hormones is 
the finding that levels of T4 and T3 are virtually 
undetectable at the premetamorphic stage but 
are present in small concentrations during pro
metamorphosis. During metamorphic climax, 
there is a surge in the concentrations of both 
T4 and T3, which reach apical values during 
midclimax. Thereafter, the levels of T4 and T3 
fall again to virtually undetectable levels in the 
adult frog. As previously pointed out, although 
the tadpole is sensitive to thyroid hormone for 
almost its entire larval development, thyroid 
function in the adult frog is more difficult to 
demonstrate. 
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Developmental Effects of Thyroid 
Hormone in fiomeotherms 
The developmental effects of thyroid hormone 
so dramatically apparent in amphibian meta
morphosis continue to play an essential role in 
the ontogenesis of higher vertebrates. As in 
metamorphosis, thyroid hormone participates 
in the development of the animal at a well-
defined stage.25 For example, in mammals, 
thyroid hormones have conventionally not 
been regarded as playing an important role in 
intrauterine development until very late in 
gestation. The precise time at which thyroid 
hormone begins to influence development in a 
given species is related to the duration of 
gestation and the degree of maturity of the 
offspring at birth. Thus, in the rat and in 
humans, prenatal thyroidectomy or the spon
taneous absence of the thyroid does not result 
in altered birth weight. Clinical recognition of 
hypothyroidism at the time of birth is noto
riously difficult even though epiphyseal 
changes may be demonstrable by radiologie 
examination. Hypothyroidism may not be clin
ically apparent until approximately 1 month 
after birth. This fact underscores the impor
tance of early laboratory-based diagnosis of 
neonatal hypothyroidism with measurements 
of TSH and T4 levels in order to institute early 
replacement therapy designed to forestall the 
associated catastrophic mental retardation and 
developmental defects. Similarly, in the rat, 
the diminished growth rate characteristic of 
hypothyroidism is not apparent until the neo
nate is 8 days old. 

In both species, the relatively normal pres
entation at the time of birth contrasts with the 
development of fetal thyroid function at a 
much earlier intrauterine stage. Moreover, in 
the rat, low levels of thyroid hormone are 
detectable in fetal serum at midpregnancy. 
Conventionally, such low levels of thyroid hor
mone have not been regarded as being func
tionally important, although some studies26 

have raised the possibility that even small 
quantities of thyroid hormone transferred dur
ing midpregnancy may play a role in the de
velopment of the brain. This issue remains 
controversial. The major effects of thyroid 
hormone in the human and the rat appear to 
become manifest following a surge of hormone 
coincident with an increase in T4 deiodinase, 
which occurs at approximately 8 days in the 
rat27 and on the first day of life in the infant.28 

This situation is thus strikingly analogous to 

the surge in T3 concentrations that precedes 
amphibian metamorphic climax. 

In mammals, the manifestations of neonatal 
hypothyroidism are protean and are most 
prominently expressed in generalized retarda
tion of body growth and marked skeletal re
tardation with profound disturbances in central 
nervous system (CNS) function. The abnor
malities associated with thyroid hormone de
ficiency involve retardation of both general 
body growth and maturation of individual cells 
and tissues. The role of thyroid hormones is 
clearly intertwined with the developmental 
program encoded in the DNA of the organism. 
Whereas in the adult animal most of the defi
ciencies of thyroid hormones can be easily 
reversed, this is not the case in the neonatal 
animal. Thus, abnormalities in the develop
ment of the CNS can be effectively prevented 
only if the thyroid hormone is given during a 
specific "time window." Thyroid hormones can 
also accelerate such programs, since the early 
administration of excess thyroid hormone may 
actually advance the appearance of specific 
developmental traits, such as the opening of 
the eyes in the rat and the appearance of early 
ossification centers. Thyroid hormone appears 
to function both by an increase in the general 
growth of the animals and by an acceleration 
of the differentiation of specific cell types. 
Thyroid hormone is essential for the produc
tion of pituitary growth hormone29 and perhaps 
of the as of yet unidentified growth factors. 

Despite the paucity of external manifesta
tions, approximately half of the infants born 
with congenital hypothyroidism have signifi
cantly late bone maturation. The absence of 
femoral epiphyses in newborns with a birth 
weight above 2500 gm is suggestive of thyroid 
hormone deficiency. After several weeks, a 
delay in the appearance of ossification centers 
soon becomes evident and probably accounts 
for the typical cretinoid facies, including a 
depressed nasal bridge, relatively narrow fore
head, and mandibular hypoplasia. There are a 
characteristic retardation in the closure of the 
fontanelles and, as emphasized, delayed ap
pearance of ossification centers, depression of 
the radial long bone growth, and retardation 
in dental age. In general, alterations in skeletal 
development can be rectified prior to epiphy
seal closure. Moreover, in hyperthyroid states, 
accelerated maturation is characteristic. 

Studies in the rat have indicated that the 
appearance of ossification centers and linear 
growth of bone are affected.25 The appearance 
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of the ossification centers is a direct effect of 
thyroid hormone, whereas the linear growth 
of bone most probably results from the in
creased multiplication of cartilaginous cells un
der the influence of pituitary growth hormone 
secretion, which is dependent upon the thy-
roidal status of the organism. Thyroid hor
mones are known to stimulate endochondrial 
ossification and are essential for maturation of 
bone cells, leading to increased deposition of 
matrix and calcification of cartilage. Both in 
the rat and in humans, treatment with large 
doses of thyroid hormones leads to accelera
tion in skeletal development. 

Effect of Thyroid Hormones on CriS 
Development (Figure 5—1) 

The extraordinary impact of thyroid hormone 
deficiency on the normal maturation of the 
CNS has been the stimulus for considerable 
research in this area over the past 50 years. 

Nevertheless, our knowledge of the effect re
mains largely descriptive. As emphasized, the 
diagnosis of hypothyroidism at the time of 
birth is difficult from clinical considerations, 
but within several weeks the diagnosis becomes 
obvious. The tongue is thick; the fontanelles 
are open; and an umbilical hernia and typical 
cretinoid features are present. Further, there 
is failure of normal progression of motor skills. 
Untreated, congenital hypothyroidism leads to 
major mental retardation, which frequently 
requires institutionalization. Unless treatment 
is started within the first 3 months, the effects 
of hypothyroidism on mental retardation can
not be completely reversed. 

Considerable attention has been directed to 
an analysis of the effect of thyroid hormone 
deprivation on the morphology of the rat 
brain.30 In the rat, major deviations from nor
mality in brain weight and structure are not 
apparent until 10 to 15 days after birth. As 
indicated, thyroid hormone is effective in nor-
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Figure 5 - 1 . Schematic representation of the timing of thyroid hormone effects on the central nervous system 
and general somatic development in the rat and human. (For review, see Schwartz, H. L.25) 



TISSUE AND CELLULAR EFFECTS OF THYROID HORMONES 95 

malizing brain structure only if it is made 
available prior to this period.3134 H i s t o r i 
cally, the neonatal hypothyroid state is char
acterized by a reduction in the branching of 
dendrites and axons and a deficiency in axonal 
myelin formation. Ruiz-Marcos and associ
ates35 have also reported that the number of 
spines on the apical shafts of pyramidal neu
rons is severely reduced in the hypothyroid 
state. 

The thyroid-deficient state is also character
ized by alterations in the morphology of spe
cific regions in the brain, such as the cerebel
lum. In addition to a marked reduction in the 
arborization of Purkinje's cells, there is a de
layed migration of the external granule cells 
towards the center of the cerebellar cortex. 
The finding of the general slowing in the de
velopmental processes prompted Hamburgh 
and colleagues to suggest that the primary 
function of thyroid hormone in brain is to 
switch cells from a proliferative mode to 
one of differentiation.36 These morphologic 
changes are accompanied by retardation in 
overall motor development and the orderly 
development of automatic behavior.37 

Unfortunately, the biochemical basis of 
these changes remains obscure. As discussed 
subsequently, specific nuclear T3 receptors are 
present in fetal, neonatal, and adult brain.3839 

In regard to conventional physicochemical and 
analogue binding characteristics,38 these recep
tors are similar to receptors in other tissues. 
An increase in nuclear receptors occurs during 
the first 4 postnatal days. This surge occurs 
just prior to the increase in T3, which takes 
place between days 4 and 8. Moreover, the 
increase in T3 immediately precedes the ap
pearance of the thyroid-induced structural 
changes that occur between days 10 and 15. 
This pattern of maturation is suggestive of the 
orderly appearance of components of the de
velopmental machinery. The precise gene or 
genes that are regulated by the thyroid hor
mone in this organ, however, have not been 
identified. 

The adult brain, along with testis and spleen, 
fails to respond with an increased oxygen con
sumption to the administration of thyroid hor
mone.40 Although claims were advanced that 
the neonatal brain, in contrast to the adult 
brain, responded to T3,41 these have not been 
confirmed in later experiments.39 Brain also 
fails to respond to thyroid hormones with an 
increase in the levels of malic enzyme and 
mitochondrial a-glycerophosphate dehydro-

genase, enzymes that show a brisk rise in liver 
and that are expressed under basal conditions 
in brain. Several enzymes, however, do show 
changes in the hypothyroid neonatal brain and 
are normalized when thyroid hormones are 
administered prior to days 10 to 15 of neonatal 
life. These enzymes include succinic dehydro-
genase, glutamate dehydrogenase, aspartate 
aminotransferase, 7-aminobutyric-acid trans-
aminase, and cholinesterase. Furthermore, the 
enzymes involved in myelin synthesis are di
minished in proportion to the reduction in to
tal brain myelin content. (For review, see 
Schwartz.25) 

Nunez and colleagues have suggested that 
thyroid hormones may have direct effects on 
the formation of proteins that are responsible 
for microtubular organizations.42 Both glial 
and neuronal cells have been reported to con
tain nuclear T3 receptors, and thyroid hor
mones produce structural effects on both cell 
types in culture.4344 Since glial cells are known 
to exert a profound influence on the matura
tion and organization of neuronal cells, it is 
impossible from currently available data in the 
whole animal to infer whether the reported 
structural or biochemical effects of the neu
ronal cell in hypothyroidism are mediated by 
an antecedent effect of thyroid hormone on 
glial cells. Moreover, the possibility that 
growth factors mediate these changes is under 
active investigation.45 These considerations 
emphasize the general dilemma encountered 
in attempting to dissect the molecular circuitry 
responsible for the observed effects of thyroid 
hormone. Resolution of these issues probably 
will be contingent on the development of ap
propriate cell culture systems to allow a de
tailed biochemical and structural analysis of 
these processes under highly standardized con
ditions. 

Energy Metabolism, Oxygen 
Consumption, and Thermogenesis 
As previously discussed, there is an historical 
association among the action of thyroid hor
mones, energy metabolism, and thermogene
sis. The thyroid hormone-induced augmenta
tion in oxygen consumption observed by 
respirometry in the whole animal is reflected 
by an increase in oxygen consumption of tissue 
slices and homogenates.40 As previously noted, 
the only tissues that appear not to respond to 
thyroid hormones with an increase in oxygen 
consumption are brain, testis, and spleen. The 
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increase in respiration characterizes the tran
sition both from the hypothyroid to the euthy-
roid and from the euthyroid to the hyperthy-
roid states. 

Since the oxidative processes are carried out 
primarily in the mitochondria, the administra
tion of thyroid hormones is accompanied by 
an augmentation in the rate of mitochondrial 
oxygen consumption. The close association of 
the mitochondrion with energy metabolism 
and oxygen consumption has for many years 
attracted the attention of investigators inter
ested in elucidating the mechanism of thyroid 
hormone action.4648 Thyroid hormone treat
ment also results in an increase in the number 
and size of mitochondria and in an enlarge
ment of its inner surface and of the mitochon
drial complement of many enzymes involved 
in energy and intermediary metabolism. 

A fundamental problem, however, has con
sistently faced investigators interested in defin
ing the mechanism by which thyroid hormones 
increase oxygen consumption and thermogen-
esis. This issue touches on the quantitative 
relationship between oxygen consumed and 
high energy phosphate produced by oxidative 
phosphorylation. Under normal circum
stances, the moles of ATP generated/moles of 
oxygen consumed (P:0 ratio) is fixed at a 
value of approximately 3 and is considered to 
be "tightly coupled." Early investigators had 
suggested that the hyperthyroid state was as
sociated with mitochondrial uncoupling, thus 
allowing fewer high energy phosphates to be 
formed for each mole of oxygen consumed. In 
this fashion, more heat would be generated 
per erg of useful work performed. Although 
this hypothesis was attractive, it could not be 
experimentally verified.49 Uncoupling of oxi
dative phosphorylation by thyroid hormone 
could be demonstrated in mitochondria only 
in the presence of suprapathologic concentra
tions of T3. Furthermore, there appeared to 
be no difference in respiratory control. The 
augmentation of mitochondrial respiration 
produced by ADP was not influenced by the 
thyroidal status of the animal. 

The recognition of normal mitochondrial 
coupling and respiratory control posed a fun
damental conceptual problem in understanding 
thyroid-induced thermogenesis. The doctrine 
of tightly coupled oxidative phosphorylation 
presumes that the respiratory rate of the mi
tochondrion is determined by the ADP gen
erated by the dephosphorylation of ATP by 
the tissues. This mechanism would thus keep 
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energy expenditure and utilization in balance. 
Thus, it follows that the ATP generated by the 
mitochondrion as a consequence of thyroid 
hormone must drive definable energy-requir
ing processes. 

Edelman has proposed that an important 
component of these energy-requiring processes 
is the maintenance of the Na/K gradient be
tween the cellular and extracellular compart
ments. (For review, see Guernsey and Edel
man.50) The gradient is maintained by the 
Na/K ATPase system. Thyroid hormone is 
postulated to induce the formation of Na/K 
ATPase pump units and to increase the for
mation of ADP, which in turn stimulates mi
tochondrial metabolism to generate the high 
energy phosphate required to maintain the 
substrate for the augmented ATPase activity. 
This hypothesis was based on the finding that 
addition of ouabain, a specific inhibitor of Na/ 
K ATPase, to incubated tissue slices of thyroid 
hormone-treated animals resulted in a sub
stantial reduction in thyroid hormone-aug
mented oxygen consumption. 

Sestoft has challenged this hypothesis on 
the grounds that the ouabain-inhibitable Na/K 
ATPase is artifactually high in tissue slices.51 

In perfused liver, ouabain inhibits only about 
10% of the thyroid hormone-induced augmen
tation in oxygen consumption. He suggests that 
the increased sensitivity of thyroid hormone-
induced oxygen consumption to ouabain is 
related to the leak of Na and K through the 
cut surfaces of the tissue slices. When oxygen 
consumption and ouabain sensitivity were 
measured in primary hepatocyte cultures in 
which cells were presumably not "leaky," the 
results of one study showed substantial main
tenance of ouabain sensitivity.52 Such sensitiv
ity could not be confirmed in another study.53 

Sestoft has argued that the "sink" for the 
increased production of ATP is the futile met
abolic cycles that are stimulated by thyroid 
hormone, cycles in which both the formation 
and the degradation of substances are stimu
lated simultaneously.51 In particular, he has 
proposed that the major ATP-consuming cycle 
is the one involved in triglycéride formation 
and lipolysis. Another futile cycle, fatty acid 
synthesis and degradation, will be subse
quently considered as a potential energy sink. 

Regardless of the precise mechanisms in
volved, there can be little doubt that thyroid 
hormones play a critical role in the mainte
nance of constant body temperature in the 
homeotherm. The constancy of plasma thyroid 



TISSUE AMD CELLULAR EFFECTS OF THYROID HORMONES 97 

hormone levels in the homeotherm may be a 
reflection of this role. 

Carbohydrate Metabolism 
In the past, the interrelationship of thyroid 
hormones and carbohydrate metabolism has 
been most often perceived in the context of 
abnormalities in blood glucose concentrations 
under fasting conditions or in the course of a 
standardized glucose tolerance test. (For re
view, see Mariash and Oppenheimer.)54 Oc
casional elevations in the fasting values are 
seen in clinical hyperthyroidism, and fasting 
hypoglycemia is seen in hypothyroidism. On 
the one hand, in hyperthyroidism, a brisk rise 
in blood glucose concentrations following 
administration of a glucose load indicative of 
a "deterioration" of the glucose tolerance 
curve has been attributed to an enhanced rate 
of gastrointestinal absorption.55 On the other 
hand, in hypothyroidism, a diminished rate of 
absorption may result in a flat glucose toler
ance curve. More often than not, however, the 
glucose tolerance is normal in hyperthyroidism 
and hypothyroidism. When hyperthyroidism 
occurs in a diabetic patient, the diabetic state 
is frequently aggravated with an increased ten
dency to ketosis, possibly as a consequence of 
a thyroid hormone-induced augmentation in 
the rate of beta oxidation of fatty acids. 

As indicated, the hyperthyroid state is ac
companied by a stimulation of several futile 
cycles. Both glycolysis and gluconeogenesis 
appear to be augmented by thyroid hormones. 
(For review, see Müller and Seitz.56) The in
crease in gluconeogenesis occurs in part as a 
result of the stimulation of key gluconeogenic 
enzymes, including phosphoenolpyruvate car-
boxy kinase, pyruvate carboxylase, and glu-
cose-6-D-phosphatase. Furthermore, glucone
ogenesis may be assisted by an increase in the 
level of the mitochondrial enzyme a-glycero-
phosphate dehydrogenase, which by increasing 
mitochondrial H + import facilitates the mito
chondrial export of malate derived from in-
tramitochondrial pyruvate. This arrangement 
thus represents a mechanism for the conver
sion of intramitochondrial pyruvate to glucose. 
The process can also be achieved by an aug
mented conversion of pyruvate to oxaloacetate 
and its subsequent transamination to aspartate, 
which can readily exit the mitochondria. In
creased gluconeogenesis also results from en
hanced formation of lactate as a consequence 
of increased glucose metabolism by muscle. 

The hyperthyroid state is characterized by a 
depletion of glycogen content, presumably be
cause of an accelerated rate of degradation 
and a diminished rate of synthesis.57'58 Curi
ously, however, glycogen content is also de
creased in the hypothyroid state.59-60 The 
precise biochemical factors that determine gly
cogen metabolism in altered thyroid states 
have been only partially elucidated. It appears 
possible that the effects of thyroid hormones 
are mediated by altered hepatic glucagon bind
ing, by the levels of a- and ß-adrenergic recep
tors, or by the activities of the enzymes in
volved in glycogenolysis. 

The interaction of thyroid hormone and one 
or more products of glucose metabolism in the 
induction of specific mRNA sequences is con
sidered subsequently in connection with the 
general molecular mechanisms responsible for 
thyroid hormone action. 

Lipid Metabolism 

Alterations in lipid metabolism provide other 
examples of the stimulation of futile cycles by 
thyroid hormones. (For review, see Müller and 
Seitz.61) From a clinical point of view, perhaps 
the best recognized are the changes in the level 
of serum cholesterol and low density lipopro-
tein (LDL) that occur in hypothyroid and 
hyperthyroid states.62-65 A profound increase 
in total and LDL cholesterol in hypothyroidism 
may be used as a biologic marker in the 
treatment of hypothyroidism with thyroid hor
mone. Conversely, the level of LDL and total 
cholesterol is depressed in hyperthyroidism. 

Isotopie studies have indicated that thyroid 
hormones increase the rates of cholesterol syn
thesis and degradation. Since the increase in 
fractional degradation exceeds the increase in 
total synthesis, the levels of both LDL and 
total cholesterol fall. Thyroid hormone induces 
one of the key enzymes involved in cholesterol 
biosynthesis, ß-hydroxy-methyl-glutaryl-Co A-
reductase, which catalyzes conversion of ß-
hydroxy-methyl-glutaryl-CoA to mevalonate.66 

In addition, thyroid hormone stimulates mev-
alonic acid incorporation into cholesterol.66 

The augmented fractional disposition of cho
lesterol is due to several factors. In the hyper
thyroid state, there is augmented excretion of 
cholesterol in bile and feces.65 In addition, 
turnover of LDL increases,67 possibly as a 
consequence of a T3-induced increase in LDL 
receptors68 and an augmented rate of internal-
ization of the LDL cholesterol complex. Op-
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positely directed changes characterize the hy-
pothyroid state with a diminished rate of 
synthesis and a concomitant decrease in frac
tional turnover of cholesterol, which is due to 
diminished biliary excretion and LDL clear
ance by peripheral tissues. 

The capacity of thyroid hormone to lower 
the level of serum total and LDL cholesterol 
has prompted the clinical application of thy-
romimetic substances for the treatment of hy-
perlipidemia in euthyroid patients. A major 
problem in the use of such agents is the poten
tial cardiotoxicity associated with therapeutic 
doses of levothyroxine and L-triiodothyronine, 
an especially important consideration in hy-
perlipidemic patients who by virtue of their 
disease are particularly prone to clinical or 
subclinical coronary artery disease.69 For this 
reason, clinical investigators have exploited the 
use of analogues reputed to exhibit a selective 
hepatic effect. The dextro-enantiomer of T4, 
especially, has been widely used for this pur
pose.70 Further studies, however, have failed 
to confirm a selective hypolipidemic activity 
for this agent.71 Moreover, these and other 
studies have suggested that in addition to low
ering serum LDL cholesterol levels, thyroid 
hormones also tend to reduce the protective 
high density lipoprotein (HDL) cholesterol 
fraction. These findings thus have raised basic 
questions regarding the therapeutic efficacy of 
thyromimetic agents in the euthyroid hyperlip-
idemic state. 

One of the most striking biochemical mani
festations of thyroid hormone action is an 
increased rate of fatty acid synthesis and rees-
terification.72 Consonant with the enhanced 
production of fatty acids is a five to sixfold 
augmentation in free fatty acid levels in the 
sera of hyperthyroid patients.73 Conflicting re
ports, however, have appeared with regard to 
the concentrations of serum triglycérides in 
hyperthyroid patients. The increased rate of 
fatty acid synthesis by T3 is related to the 
induction of lipogenic enzymes, including ace-
tyl-CoA carboxylase, fatty acid synthetase, 
malic enzyme, and diglyceride-acyl-transfer
ase as well as the hexose monophosphate 
shunt enzymes glucose-6-phosphate dehydro-
genase and 6-phosphogluconate dehydrogen-
ase, which supply nicotinamide-adenine dinu-
cleotide phosphate (NADPH) for fatty acid 
synthesis. The detailed mechanism underlying 
the induction of these enzymes is considered 
subsequently in connection with the discussion 
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of the molecular basis of thyroid hormone 
action. 

Despite the increase in lipogenesis, thyroid 
hormones do not increase the production of 
very low-density lipoprotein (VLDL) triglyc
érides or the level of intracellular triglycér
ides.74 The discrepancy between fatty acid and 
triglycéride synthesis may be due to a limita
tion in the availability of glycerol. Further, a 
normal cellular triacylglycerol content may be 
due to a thyroid hormone-augmented increase 
in the activity of lysosomal acid lipase. Lastly, 
thyroid hormone, by increasing the activity of 
outer carnitine palmitoyl transferase, facili
tates the mitochondrial uptake and oxidation 
of free fatty acids.7578 

The increased levels of plasma-free fatty 
acids in the hyperthyroid state are probably 
due not only to an increased rate of lipogenesis 
but also to an augmented rate of adipose tissue 
lipolysis that is sensitized by thyroid hor
mones.79 The mechanism responsible for the 
altered sensitivity to thyroid hormone may 
involve alterations in adrenergic receptor con
centration, changes in the coupling between 
catecholamine binding and adenylate cyclase, 
and reduced phosphodiesterase activity. 

Protein Metabolism 

Very little quantitative metabolic and isotopie 
data are available regarding the overall effects 
of thyroid hormone on nitrogen and protein 
metabolism, despite the knowledge that thy
roid hormones initiate their function largely by 
regulating protein synthesis at a pretransla-
tional level. It is obvious that thyroid hormone 
administered to a young hypothyroid animal 
results in body growth and hence in a net 
positive nitrogen balance, and, conversely, 
that thyroid hormone administered in large 
quantities to an adult animal results in weight 
loss and a net negative nitrogen balance. 
Nevertheless, since it is entirely possible that 
augmented synthesis and degradation could 
occur simultaneously, additional balance and 
tracer studies are needed to quantitate the 
constitutive processes. The coexistence of in
creased synthesis and degradation could con
stitute yet another example of the futile cycles 
stimulated by this hormone. 

In the hypothyroid rat liver, the level of 
protein, total RNA, and poly (A+) RNA (the 
fraction of RNA that contains the predominant 
share of RNA) are all reduced to approxi
mately half the level that exists in the euthyroid 



TISSUE AND CELLULAR EFFECTS OF THYROID HORMONES 99 

state.80 Further, replacement doses of T4 or T3 
result in normalization of these parameters. 
Curiously, however, thyroid hormone admin
istered to euthyroid animals results in no fur
ther increase in the level of total hepatic pro
tein, total RNA, or poly (A + ) RNA. Thus, 
changes in total protein content appear to 
differ markedly from the behavior of a more 
limited set of proteins that is selectively stim
ulated or suppressed as a result of thyroid 
hormone action. Among high or medium 
abundancy mRNA sequences, Seelig and 
associates81 have estimated that approximately 
8% are modulated in such a selective fashion 
byT3 . 

It should not be automatically assumed that 
the generalized alteration in protein content is 
due directly to hormonally induced variation 
in the expression of specific genes. Thus, pro-
teolysis may play an important role in deter
mining the overall protein content.82 A 25% 
increase in the fractional rate of muscle protein 
content has been attributed to the action of 
protein-degrading enzymes, including cathep-
sin B, leucine amino peptidase, and N-acetyl-
glucoaminidase. These enzymes, however, do 
not appear to play an important role in the 
heart, where hyperthyroidism leads to hyper
trophy with an increase in protein mass. Thy
roid hormones may also act either by changing 
the translational efficiency of the correspond
ing mRNA or by stabilizing the specific mRNA 
formed.83 Such effects of thyroid hormone may 
represent "downfield" phenomena contingent 
on the activity of specific genes which are 
directly regulated by thyroid hormones. As 
discussed subsequently, the possibility of a 
direct extranuclear action, though unlikely, has 
not been ruled out. 

Although it is often assumed that thyroid 
hormones shorten the half-time of various sub
stances, this is certainly not universally the 
case. The fractional turnover of the hepatic 
enzymes malic enzyme and a-glycerophos-
phate dehydrogenase does not appear to de
pend on thyroidal state.84 A potentially inter
esting feature of general hepatic protein 
metabolism in rat liver is the finding that in 
euthyroid rats, 40% of total hepatic protein is 
rapidly depleted by starvation.85 This "labile 
pool" is contingent on normal thyroid func
tion, since it appears to be absent in the 
hypothyroid liver and thus appears to account 
for the lesser percentage fall in liver protein 
when animals are subjected to food depriva
tion. 

Effects of Thyroid Hormones 
on Tissue and Organs 

Heart. Among the most striking effects of 
thyroid hormones are those that are mani
fested by the cardiovascular system. Tachycar
dia, cardiac hypertrophy, increased velocity 
and force of cardiac contraction, and increased 
cardiac output and peripheral vasodilation are 
the hallmarks of the hyperthyroid state, 
whereas bradycardia, diminished contractility, 
reduced cardiac output, and vasoconstriction 
are characteristic of the hypothyroid state. It 
is still not clear to what extent these changes 
are a direct effect of thyroid hormones on the 
heart and to what extent they are the indirect 
consequences of altered metabolic demands by 
the peripheral tissues. Probably both contrib
ute to the observed effects. Furthermore, it 
appears probable that the effects of thyroid 
hormone on the cardiovascular system are also 
mediated at least in part by changes in the 
sensitivity to catecholamines produced by the 
altered thyroid status. These issues serve to 
complicate the analysis of the underlying 
mechanisms responsible for the observed phe
nomena. 

A characteristic feature of the hyperthyroid 
state is the 30 to 50% increase in left ventric
ular weight and the associated increase in 
protein content. These increases appear to be 
due both to a greater rate of protein synthesis 
and to a diminished rate of protein degrada
tion.86 Further, treatment of hypothyroid rat 
heart with T3 results in an increase in total and 
poly (A+ ) RNA as well as protein. Dillmann 
and colleagues have analyzed the mRNA 
changes produced by thyroid hormone admin
istration with the use of two-dimensional 
mRNA activity profiles.87 They have shown 
that of 421 mRNA sequences examined, nine 
mRNAs increased with T3 administration, 
whereas four decreased. Substantial attention 
has also been directed to the isoenzyme pattern 
of Ca++-activated myosin ATPase in the var
ious thyroid states. The activity of this enzyme 
correlates closely with the velocity of cardiac 
contraction. There are three such isoenzymes 
in the rat, designated Vl5 V2, and V3. Vj has 
the highest ATPase specific activity, whereas 
V3 has the lowest. The normal rat heart is 
characterized predominantly by V1? whereas 
V3 is the major component in the hypothyroid 
heart. The expression of each of these enzymes 
appears to be determined completely by the 
level of the specific mRNA coding for each of 
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the forms.88 Thus, W1 myosin consists of two 
α-myosin heavy chains (MHC); V3, of two ß-
MHC; and V2, of one a- and one ß-MHC. 
Further, the a- and ß-forms appear to be two 
members of a multigene family that consists of 
six isoforms.89 Further studies have shown that 
each of these forms appears to be regulated in 
a highly distinctive fashion, depending on 
whether atrial, ventricular, or skeletal muscle 
is analyzed. However, there is considerable 
species specificity in these isoforms,90 and no 
myosin isoforms have so far been demon
strated in human tissue. 

As indicated, there continues to be major 
controversy as to whether these effects are 
directly mediated by thyroid hormone. In favor 
of such a view is the existence of cardiac 
nuclear T3 receptors, which appear to be in
distinguishable from receptors in other tissues. 
Studies by Mahdavi and colleagues suggest that 
the direct addition of T3 to cultured myocytes 
can mimic many of the effects produced by 
thyroid hormone in the intact animal.91 In 
comparison, Klein and Hong92 have claimed 
that when the heart is transplanted to a posi
tion where it ceases to pump blood, the T4 
treatment fails to results in cardiac hypertro
phy, although the characteristic isoenzyme 
changes are maintained. 

The striking similarity between the cardio
vascular effects of thyroid hormone and cate-
cholamines raised the possibility in the past 
that thyroid hormone effects were mediated 
by the catecholamines. Whereas such a hy
pothesis might serve to explain the therapeutic 
effectiveness of sympatholytic and ß-adrener-
gic blocking agents, it is clearly untenable in 
view of the fact that the levels of circulating 
catecholamines in the hyperthyroid state are 
either normal or low.93 However, thyroid hor
mones have been shown to increase the num
ber of ß-adrenergic receptors,94 thus allowing 
thyroid hormone to sensitize cardiac tissue to 
the action of catecholamines. 

Pituitary. The pituitary is clearly a major target 
organ of the thyroid. It is the site for negative 
feedback of TSH secretion, and studies have 
clearly shown that T3 inhibits the expression 
of the genes that code for both the alpha and 
beta subunits of TSH.95-98 The nuclear T3 bind
ing capacity in rat pituitary is high, and ap
proximately 50% of total pituitary T3 is bound 
to specific receptor sites.99 The reduction in 
circulating TSH is related to nuclear receptor 
occupancy, and the transcriptional rate of the 
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two genes that code for the alpha and beta 
subunits is inhibited following T3 administra
tion.96 Since the reduction in the transcrip
tional rate is not blocked by the prior admin
istration of cycloheximide, the effects of T3 
may not be contingent on the formation of an 
intermediary inhibitory protein as had been 
postulated.100 

We have stressed the relationship between 
pituitary growth hormone production and the 
thyroidal state of the organism. Many of the 
growth-promoting functions of thyroid hor
mone are mediated by increased secretion of 
pituitary growth hormone. The mechanism by 
which thyroid hormones govern cellular events 
has been extensively studied in the rat pituitary 
tumor cell lines that produce growth hormone 
and is discussed in further detail subsequently. 

Other Tissues and Organs. Although the mo
lecular details of this process remain largely 
undefined, thyroid hormones play a critical 
role in regulating the levels of glycosaminogly-
cans and proteoglycans in connective tissue. In 
amphibian metamorphosis, thyroid hormone 
stimulates the activity of specific collagenases 
as well as that of several acid hydrolases in
cluding hyaluronidase, which are involved in 
the résorption of the tail and presumably other 
aspects of tissue remodelling. It is possible that 
an increased activity of these enzymes may be 
responsible for the decreased tensile strength 
of wounds in the hyperthyroid state. In hypo-
thyroidism, the characteristic myxedema of the 
skin is due to the accumulation of glycosami-
noglycans with the attendant retention of so
dium, water, and protein. Deposition of such 
mucinous material may also be responsible for 
the serous effusions of the hypothyroid state 
and possibly for functional disturbances of 
other systems. Refetoff and colleagues (see 
Smith) have reported that deprivation of thy
roid hormones stimulates the synthesis of the 
mRNA for these proteins.101 

The lung is another target for thyroid hor
mone, although major abnormalities of pul
monary function are not prominent in most 
patients with hypothyroidism. However, in se
vere hypothyroidism, impaired oxygen diffu
sion has been noted. Nuclear receptors have 
been demonstrated in lung.102 Fetal develop
ment of this organ may be linked to thyroid 
hormone regulation. The biosynthesis of the 
surfactants appears to be under the control of 
both thyroid hormones and glucocorti-
coids.103'104 
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Renal function is clearly influenced by the 
thyroidal state of the animal. Diminished glo-
merular filtration is encountered in the hypo-
natremic state. The hyponatremia is in part 
due to a diminished fractional excretion of 
water and an increased distribution volume of 
total body water, whereas total body Na is 
actually increased. The effect of thyroid hor
mone on this organ is reflected at least in part 
by changes observed in the two-dimensional 
mRNA activity profiles.105 The activity of sev
eral renal enzymes, including malic enzyme, 
mitochondrial a-glycerophosphate dehydro-
genase, and ornithine aminotransf erase, 
changes with thyroidal status. Ornithine 
amino-transferase appears to be regulated by 
T3 and estrogen at the transcriptional level.106 

The effect of thyroid hormone on the he-
matopoietic system has been well de
scribed.107 108 Most commonly, the anemia of 
hypothyroidism is normocytic and normo-
chromic; however, because of concomitant 
pernicious anemia, the anemia is frequently 
macrocytic and hyperchromic. It is assumed 
that related immunologie mechanisms produce 
both disorders. 

The effect of thyroid hormone on develop
ment of the brain has been emphasized. In the 
adult animal, CNS manifestations in the hy-
pothyroid and hyperthyroid states are well 
described, and in humans such manifestations 
of thyroid hormone deficiency constitute a 
prominent component of the signs and symp
toms that characterize these clinical states. 
Increased nervousness and agitation with a fine 
tremor of the outstretched hands are associ
ated with hyperthyroidism, whereas slowness 
of mentation and drowsiness are features of 
hypothyroidism. The effects of altered thyroid 
states are reflected in the electroencephalo
gram (EEG), but the underlying cellular mech
anisms remain obscure. Reports suggest that 
in hypothyroidism there is a reduction in blood 
flow and oxygen consumption,109 whereas there 
appears to be no change in either parameter 
in association with hyperthyroidism.110 The 
lack of knowledge of the specific biochemical 
mechanism responsible for the central effects 
of thyroid hormone is particularly vexing in 
view of the abundance of T3 nuclear receptors 
in both neuronal and glial cells.4344 Using the 
conventional criteria currently available, these 
receptors appear to be indistinguishable from 
those in other tissues.38 

Similarly, thyroid hormone exerts important 
influences on the skeletal system with an in

crease and a decrease in bone turnover in the 
hyperthyroid and hypothyroid states. In hy
perthyroidism, hypercalcemia can result from 
an increased rate of bone destruction. Thyroid 
hormones also exert an effect on the gastroin
testinal system, with an increase in intestinal 
motility and an augmented rate of gastrointes
tinal absorption in the hyperthyroid state, with 
reverse manifestations in the hypothyroid 
state. The cellular basis of the effects has not 
been explored. Lastly, thyroid hormone is as
sociated with an increased rate in the fractional 
turnover of drugs, metabolites, and other hor
mones with oppositely directed changes in hy
pothyroidism. Although these features have 
been loosely ascribed to the "hypermetabolic" 
and "hypometabolic" states, the fundamental 
underlying cellular mechanisms remain unde
fined. 

Interactions of Thyroid Hormones 
and Catecholamines 
Of particular interest have been the interac
tions of thyroid hormones with catechol
amines. In many instances, there appears to 
be a synergistic relationship between catechol
amines and thyroid hormones. Some of the 
clinical symptomatology of hyperthyroidism 
may be due to this interaction. As previously 
pointed out, in the heart this may be explained 
by a thyroid hormone-induced increase in the 
number of ß-adrenergic receptors and in an 
increase in the affinity of ß-adrenergic recep
tors.94 Although measurements of cardiac re
ceptors have been carried out only in animal 
models, observations with human mononu-
clear cells also point to an increase in ß-
adrenergic receptors and their affinity in the 
hyperthyroid state. Thyroid hormone admin
istration, however, is not universally accom
panied by an increase in adrenergic receptors. 
In contrast to the heart, there appears to be a 
fall in the number of hepatic ß-adrenergic 
receptors, their affinity, and possibly their cou
pling to membrane adenylate cyclase.111' 112 

These findings may account for the partial 
resistance of the liver to glucagon and the 
isoproterenol effects in the hyperthyroid state. 
In general, the effects observed in the hypothy
roid state are the opposite of those produced 
by excess thyroid hormone. Further studies of 
the interaction of thyroid hormone with the 
catecholamine system emphasize the necessity 
of examining such interactions in specific tis-
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sues. The complexity of the receptor, trans
ducer, and effector components of the system 
involved in initiating the actions of catechol-
amine presents many potential sites of inter
action with the thyroid hormone system and 
may be the basis of the diversity of results 
observed. 

MOLECULAR MECHANISMS 

During the past two decades, advances in the 
field of molecular and cellular biology have 
spurred efforts to understand the molecular 
basis of thyroid hormone action. In large part, 
such efforts have centered on the early events 
that set into motion the series of biochemical 
events that ultimately result in the cellular 
phenomena described previously in this chap
ter. More recently, however, preliminary at
tention has also been directed towards estab
lishing the nature of the molecular network 
that connects the early with the late events, as 
reviewed subsequently. 

The Nuclear Initiation Hypothesis 
General thought about the early events that 
characterize thyroid hormone action has been 
based on what might be designated as the 
"nuclear initiating hypothesis." This hypothe
sis has three components as follows: (1) that 
in any given biologic setting, all thyroid hor
mone effects can be understood in terms of 
the fraction of nuclear sites occupied and the 
duration of such occupancy; (2) that although 
the number of receptors varies from cell type 
to cell type, the receptors themselves are iden
tical; and (3) that variation in the occupation 
of the receptor will change the expression of 
specific genes as reflected in the levels of the 
corresponding mRNA sequences and the pro
teins coded by such mRNAs. 

We shall first review the experimental basis 
for this hypothesis and analyze some of the 
reservations that have been expressed by in
vestigators. The possibility of extranuclear in
itiating mechanisms is considered. Current 
knowledge is summarized regarding the phys-
icochemical and binding characteristics of the 
nuclear receptor, the relationship of the recep
tor to chromatin, and the nature of the recep
tors in other species. The kinetics and ener
getics of transport of T3 into the nucleus will 
be considered. Techniques designed to identify 
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specific mRNA sequences important in thyroid 
hormone action are discussed. Although only 
a few examples of thyroid-responsive mRNA 
sequences have so far been intensively studied, 
available information with respect to the in
duction of such mRNAs by T3 and coordinate 
regulatory signals are summarized. The broad-
based relationships between thyroid hormone 
and carbohydrate-generated signals at the hep-
atocellular level are emphasized and related to 
the phenomenon of thyroid hormone-induced 
oxygen consumption as discussed previously. 

Nuclear Receptors in the Initiation of 
T3 Action 
Specific limited capacity nuclear binding sites 
for T3 were first described in whole animal 
experiments designed to elucidate the kinetic 
relationship between iodothyronines in plasma 
and tissues and their subcellular compo
nents.113 In particular, the ratio of radioactive 
nuclear T3 to plasma T3 was profoundly depen
dent on the mass of T3 injected. This approach 
also allowed quantitation of the mass of 
plasma-derived T3 associated with nuclei as 
well as determination of nuclear binding ca
pacity in individual tissues. The nuclear/plasma 
ratio was determined at the so-called equilib
rium time point, when the specific activity of 
the nuclear T3 can be assumed to be identical 
to that in plasma. This point is identified by 
the peak value of the nuclear accumulation 
curve, when the rate of entrance is equal to 
the rate of exit (Fig. 5-2). Thus, under strict 
tracer conditions, the product of the nuclear/ 
plasma ratio is corrected for nonspecific bind
ing, and the radioimmunoassayable T3 in 
plasma yields the mass of plasma-derived T3 
bound to the specific sites. By progressively 
increasing the dose of nonradioactive T3 in
jected, it is possible to compute the nuclear 
binding capacity in an individual tissue. 

These in vivo approaches yielded the follow
ing estimates for the nuclear binding capacities 
in various tissues (ng/mg DNA): liver, 0.6; 
kidney, 0.4; heart, 0.4; brain 0.3; and pituitary, 
0.8." These estimates correspond to approxi
mately 4000 nuclear receptors per diploid he
patic cell. Exceedingly low values were ob
served in spleen and testis, two classically 
nonresponsive tissues. These original studies 
suggested that in the receptor-containing tis
sues, approximately half of the available nu
clear sites were occupied. However, in the 
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Hours after injection 
Figure 5-2. Rat plasma, hepatic cytoplasmic and nu
clear concentrations of 125I-T3 following the intrave
nous injection of a tracer dose. At 30 minutes, the 
nuclear concentration reaches a peak and the rate of 
delivery of T3 equals the rate of exit from the nuclear 
compartment. At this time, the specific activity of the 
nuclear T3 can be presumed to equal that in cytoplasm 
and plasma. (Redrawn from Oppenheimer, J. H., et 
al.: Limited binding capacity sites for L-triiodothyro-
nine in rat liver nuclei: Nuclear-cytoplasmic interrela
tionship, binding constants, and cross-reactivity with 
L-thyroxine. J. Clin. Invest. 53:768-777, 1974.) 

case of the pituitary and brain, this turned out 
to be an underestimation since the contribution 
of local tissue monodeiodination was not rec
ognized.114 Recalculation suggests that in 
brain, 70 to 90% of the available sites are 
occupied in the euthyroid state.115 In liver and 
kidney, however, the rapid forward rate con
stant of T3 from plasma to tissue minimizes 
the effects of local deiodination, and the orig
inal estimates of nuclear T3 mass in these 
tissues have been confirmed by direct radio-
immunoassay and isotopie equilibration as well 
as by independent displacement measure
ments.116 

Analogous calculations indicate that only 
approximately 16% of the total cellular T3 
within the liver is specifically bound to nuclear 
receptors. This accounts for the fact that the 
ratio of hepatic/plasma radioactive T3 is not 
detectably influenced by the mass of T3 in
jected.117 In comparison, however, more than 
50% of pituitary T3 is associated with specific 
nuclear binding sites, thus explaining the influ
ence of injected T3 mass on the pituitary/ 
plasma radioactive T3 ratio.117 

The kinetics of accumulation of nuclear T3 
in liver have also been examined.118 Following 
the intravenous injection of tracer radioactive 
T3, the content of rat hepatic nuclear T3 in
creases, with maximal levels attained approxi

mately one-half hour subsequently (see Fig. 5 -
2). As outlined in Chapter 4, the equilibration 
between plasma and extranuclear T3 in this 
tissue is almost instantaneous. In other tissues, 
such as the brain, equilibration between tissue 
and plasma T3 proceeds more slowly, but the 
kinetics of intracellular mixing between nu
clear and extranuclear components show the 
same general properties as those displayed by 
the liver. The observed accumulation curve of 
nuclear T3 appears to be determined primarily 
by the rate of dissociation of T3 from the 
nucleus. This occurs as a first-order process 
with a half-time of approximately 15 minutes. 
Equilibration of nuclear with extranuclear T3 
occurs more rapidly with the injection of larger 
quantities of T3, since the forward rate con
stant is a second-order process. 

The initial studies demonstrating specific nu
clear sites in rat tissues were soon confirmed 
and shown to be present in rat cultured pitui
tary tumor cells (GH and GC cell lines).119'120 

These observations were particularly impor
tant in providing a readily available model for 
analyzing the relationship between nuclear oc
cupancy and response under controlled culture 
conditions. The in vivo and tissue culture stud
ies were soon supplemented by direct meas
urement of nuclear binding, using isolated nu
clei and solubilized receptors. Important to the 
demonstration of specific binding by isolated 
nuclei was the treatment of nuclei with the 
detergent Triton X-100, which serves to re
move the outer nuclear membrane. Appar
ently, during the process of subcellular frac-
tionation, nonspecific T3 binding sites are 
generated on this membrane, a phenomenon 
that obscures the detection of the specific nu
clear receptors. This is the probable reason for 
the failure of previous efforts to detect specific 
nuclear binding sites. 

Analysis of isolated nuclei incubated in an 
aqueous buffer of pH 7.4, using standard Scat-
chard plots, revealed a single binding compo
nent with an apparent affinity of 1 x 1010 M _ 1 

and with a binding capacity of 1 picomole/mg 
DNA, a value very similar to that obtained 
with saturation analysis in the intact animal.121 

Similar results were obtained when the binding 
properties of solubilized receptors were ana
lyzed with a G-25 Sephadex column or an 
anion-exchange resin. It is important to em
phasize the predominance of specific binding 
in isolated nuclei or solubilized preparations. 
Thus, in general, less than 10% of the total 
nuclear binding is "nonspecific." 
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CH2-CH-COOH 
I 

NH9 

1. Phenolic Ring Requirements 
4' OH group 
3' Substitution: halogen or nonhalogen 

2. Activity of distal >Prox. conformation 
3. Activity of 3 ' > 3 ' , 5' Substitution 

4. Ether linkage: Substitution of O by: 
(a) méthylène or 
(b) sulfur results in active compounds 

5. Decreased activity after substitution of 
halogens in inner ring 

6. Halogen-free compounds have low but 
significant activity 

Figure 5 -3 . Summary of the binding characteristics 
of thyroid hormone analogues to the nuclear receptor. 
In each instance, the binding relationships are re
flected in corresponding relationships of the biologic 
effect. 

The availability of in vitro assay systems 
allowed an extensive analysis of the displace
ment properties of T3 analogues (Fig. 5-3) and 
a fuller characterization of the physicochemical 
characteristics of the nuclear sites.122' 123 La
belled thyroxine (T4) appeared to bind to the 
same sites: binding analysis yielded the same 
capacity as that of T3 but with an affinity some 
10- to 20-fold less. Reverse T3 (3',5',3-triio-
dothyronine) showed only 1/1000 the displace
ment activity of T3. This could probably be 
attributed to contamination of the reverse T3 
preparation with trace quantities of more 
active analogues. Monoiodothyronine, diiodo-
thyronine, and the iodotyrosines were essen
tially without displacement effect. Very active 
displacement was associated with the acetic 
acid analogue of T3, triac, and with the isopro-
pyl analogue, 3'isopropyl-3,5 ,-diiodothyron-
ine. As a generality, compounds substituted 
with a single iodine substituent in the phenolic 
iodothyronine ring were more effective in dis
placing radioactively labelled T3 from nuclear 
binding sites than were compounds that pos
sessed iodine substituents in both the 3' and 
the 5' positions. Of interest was the finding 
that weak but significant displacement activity 
was associated with compounds completely 
lacking in iodine substituents, with methyl 
groups replacing the iodine atoms of T3. Sim
ilarly, a substitution of the oxygen-ether link

age with a disulfide group yielded a compound 
with measurable displacement activity. An ad
ditional requirement for displacement of la
belled T3 was the presence of an undissociated 
hydroxyl group on the phenolic ring of the 
iodothyronine molecule. Lastly, compounds 
constrained in the distal conformation were 
more potent than compounds constrained in 
the proximal. In general, the displacement 
activity corresponded with the known biologic 
activity. Several exceptions to this correlation 
are considered next. Also, there appeared to 
be a general correspondence between displace
ment activity of thyroid hormone analogues 
determined in the whole animal and in vitro 
nuclear displacement assays. Moreover, the 
relative analogue spectra obtained from nuclei 
from various tissues and from the GH1 cell 
line appeared identical.124 The extensive 
knowledge accumulated from the study of over 
40 thyroid hormone analogues has facilitated 
the projection of the steric configuration of the 
receptor site.125 

The solubility properties and the pattern of 
susceptibility to various proteolytic enzymes 
facilitated the identification of the receptor as 
a nuclear nonhistone protein (Table 5-2).126 

There are two types of nuclear proteins, five 
basic histones, and many hundreds of acidic 
nonhistone proteins that are believed to be 
involved in gene regulation. Gel filtration to
gether with sedimentation through a sucrose 
gradient and an assumed partial specific vol
ume for protein led to the estimation of an Mr 
of 50,500 daltons, a sedimentation rate of 3.5 
S, and a frictional coefficient of 1.4. 

Despite the fact that the nuclear T3 receptor 
has been recognized since 1972, efforts to 
isolate the protein have not until recently been 
successful. A substantial degree of purification 
(up to 600-fold) was reported in 1981 using a 
variety of standard separatory approaches in
cluding affinity chromatography.127 Calcula
tions based on the assumption of a single 
binding site per molecule and the known num
ber of sites per nucleus have suggested that a 

Table 5-2. Properties of the Rat Hepatic Receptor* 
Molecular weight 
Sedimentation 

coefficient 
Stokes radius 
Frictional coefficient 
Binding capacity 
Association constant 

50,500 
3.5 S 

3 nM 
1.40 
1 pmol/mg DNA 
- 1 . 3 0 x IO9 M 1 

*Common physicochemical properties of the nuclear 
T3 receptor. 
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20,000- to 40,000-fold purification is necessary 
for isolation. The apparent instability of the 
receptor with progressive purification has con
tributed to the problem. Addition of histone 
proteins appears to contribute to receptor sta
bilization, and this may have some importance 
in maintaining receptor structure and function 
in situ.123 

The necessity of isolating the receptor by 
conventional separatory techniques may have 
been obviated by the recognition that the re
ceptor is related in structure to the superfamily 
of genes that codes for steroid-binding pro
teins.128130 Two reports have shown that the 
receptor may be coded by c-erb A proto-
oncogenes (Fig. 5-4).128129 It should therefore 
be possible by recombinant DNA techniques 
to synthesize virtually unlimited quantities of 
the receptor for use in structural and functional 
studies. Further, these reports have suggested 
the possibility that there may be more than 
one gene coding for T3 nuclear receptors and 
that closely related but distinctive forms of the 
nuclear receptor may serve specific functional 
roles. If so, this would prompt a reexamination 
of the widely held assumption of the existence 
of only a single receptor species. 

Studies carried out independently in three 
laboratories have shown that the receptor is a 
component of a substantially larger structure 
with a sedimentation value of 5.5 to 6.0 
§i3ii33 j ^ e i a r g e r receptor-containing com
plex was demonstrated by digesting chromatin 
prelabelled with radioactive T3 with two en-
donucleases, micrococcal nuclease and pan-

100 200 300 400 500 600 700 800 
NH 2 —» » ' ' ' ' « KXXDH 

I l IMM I five; [ CORTISOL! hGR 
47% ; 17% j 

| jSYsj j T3/T4 j hc-erbAß 

έ 2 % : 17% j 

I hffij j OESTBAPIOL [hER 
Figure 5—4. Comparison of steroid and thyroid hor
mone receptors. Three principal domains are recog
nized for the human glucocorticoid receptor (hGR), 
the putative thyroid hormone receptor considered to 
be identical to the hc-erb Aß protein, and the human 
estrogen receptor (hER). These include an immuno-
genic region (IMM), a cystine-rich region (CYS) involved 
in DNA binding, and a hormone binding region. The 
percentages of homologous amino acids are indi
cated. (Adapted from Weinberger, C, et al.: The c-erb-
A gene encodes a thyroid hormone receptor. Nature 
324:641-646, 1986.) 

creatic DNase I. The receptor-containing com
plex was preferentially liberated compared 
with the digestion of bulk chromatin, a finding 
that suggests the receptor is situated in a 
portion of chromatin, which is accessible to 
the action of the endonucleases. By analogy 
to polymerase II, which is involved in the 
transcription of genes, it is believed that dif
ferential susceptibility of a structure to the 
action of endonucleases connotes that the 
structure is situated in actively transcribing 
DNA rather than in supercoiled portions of 
DNA, which appear to be more protected 
against enzymatic attack. Further, the finding 
that micrococcal nuclease readily digests the 
complex suggests that it is situated in the 
"linker" region of DNA, i.e., in the region of 
DNA situated between two adjacent histone 
core particles. Detailed studies further suggest 
that in addition to the receptor, the complex 
contains additional protein as well as a stretch 
of some 20 base pairs of DNA. 

The early studies showing what appeared to 
be excellent uptake of labelled T3 by isolated 
nuclei incubated in an aqueous medium, which 
was devoid of an energy-producing system, 
suggested that active transport was not essen
tial for the accumulation of T3 by the nuclear 
binding sites.134 This conclusion was reinforced 
by experiments that failed to demonstrate any 
influence of metabolic inhibitors on the nuclear 
uptake of T3 by the incubated nuclei. The 
inference was therefore drawn that in the intact 
cell as in the isolated nucleus, an energy-
dependent system did not participate in the 
nuclear accumulation of T3. 

Several subsequent developments, however, 
suggest that this conclusion was drawn pre
maturely. Thus, the discrepancy between the 
biologic potency and nuclear binding affinity 
of the levo and dextro enantiomers of T3 has 
been attributed to the selective accumulation 
of the L-form by nuclei in the intact animal.135 

The biologic potency of L-T 3 exceeds that of 
D-T 3 by a factor of 5 to 6, using as an index 
the level of activity of hepatic and cardiac a-
glycerophosphate dehydrogenase. In contrast, 
in vitro binding studies show only a relatively 
minor increase in the binding of L-T 3 as com
pared with D-T3 .1 3 5 This, therefore, constitutes 
an exception to the correlation between in 
vitro nuclear binding and the biologic effect 
previously discussed. Unlike other discrepan
cies between nuclear binding and biologic ef
fect, such as those presented by triac, T4, and 
4'-deoxy T3, the discrepancy could not be 
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explained by differences in the metabolism of 
the enantiomers. 125I-L-T3 and 1 2 5I-D-T3 dis
played identical terminal plasma disappear
ance curves.135 Moreover, the relative reduced 
biologic potency of D-T 3 could not be attrib
uted to a failure of the D-enantiomer to pen
etrate the liver or heart. The discrepancy, 
however, was explained by the finding that in 
the intact animal liver and heart nuclei, there 
was a six to sevenfold preferential accumula
tion of L-T3 as compared with D-T3 . This 
suggested the possibility that in the intact ani
mal an active stereospecific transport system 
might be responsible for the differential accu
mulation of L-T3 by hepatic and cardiac nuclei. 

Support for this explanation came from es
timates of the ratio of the free hormone con
centration in the nucleus and in the cyto
plasm.136 The free hormone concentration in 
the cytoplasm was calculated on the basis of 
equilibrium dialysis of cytosol, measurements 
of the T3 content by radioimmunoassay, and 
estimates of cytosol volume. The free T3 con
centration in the nucleus could be calculated 
by application of the law of mass action, since 
the fraction of specific sites occupied is known 
from previous isotopie studies, and the affinity 
constant of nuclear binding at 37°C could be 
directly determined from displacement exper
iments carried out with isolated nuclei incu
bated in an aqueous medium. 

The results of these calculations are sum
marized in Table 5-3 and show the existence 
of a major free L-T3 gradient from the cytosolic 
to the nuclear compartments, varying from a 
value of 58 in liver to 251 in brain.136 In each 
tissue, the free L-T3 gradient substantially ex
ceeds the corresponding free D-T3 ratio, a 
finding compatible with a stereospecific trans
port system. The approach taken also allows 
quantitation of the plasma/cytosolic free hor
mone ratios. The results of these estimates are 
also provided in Table 5-2. Unlike the steep 
gradients observed for free L-T3 in the transi-

Table 5 - 3 . Tree Triiodothyronine Concentration 
Ratios* 

Cytosol/plasma Nucleus/cytosol 

TiSSUe L D L D 

Liver 2.80 21.60 58.2 3.70 
Kidney 1.17 63.30 55.9 1.54 
Heart 1.49 2.07 80.6 24.90 
Brain 0.90 0.32 251.0 108.60 

*Free T3 concentrations in plasma, cytosol, and nuclei 
were determined as described by Oppenheimer, J.H. 
and Schwartz, H.L.:J. Clin. Invest. 75 :147-153 , 1985. 
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tion from cytosol to nucleus, the ratio of cy-
tosolic/plasma free L-T3 is relatively modest. 
The highest value is 2.8 for liver, but because 
of inherent experimental error it is not clear 
whether this value differs significantly from 
unity. With respect to D-T3, however, major 
free hormone gradients from plasma/cytosol 
are apparent in liver and kidney. This is simply 
a reflection of the well-known tendency of 
these tissues to concentrate D-T3.136a In other 
words, the high tissue/plasma ratios for total 
D-T 3 in these tissues are not reflections of 
increased protein binding by liver and kidney. 

Little is currently known about the biochem
ical basis of the nuclear transport system, nor 
is it clear whether this system contributes to 
the variation in the accumulation of T3 by 
nuclei under various pathophysiologic settings. 
Another issue that arises in connection with 
this system is the possibility that selective an
alogue accumulation in certain tissues could 
occur despite the ostensible identity of nuclear 
binding sites in various tissues. Recent studies 
have suggested other examples of differences 
between in vivo and in vitro binding. The 
nuclear transport system also appears to op
erate in freshly isolated hepatocytes137 and in 
cultured GH cell lines138 but with very much 
reduced cytoplasmic/nuclear gradients com
pared with what is observed in situ. Thus, the 
nuclear/cytosolic free hormone gradient in the 
freshly isolated hepatocyte is only approxi
mately six instead of 52.137 As a consequence, 
the free hormone concentration in the medium 
must be higher than in the plasma of the intact 
animal in order to achieve a similar fractional 
nuclear occupancy. The transport systems in 
GH1 cells also provide an explanation of pre
vious observations that intact incubated GH1 
cells show poor accumulation of D-T 3 in com
parison with L-T3 , whereas the relative binding 
of the enantiomers by isolated nuclei were 
approximately the same.139 

The operation of the nuclear transport sys
tem probably also serves to resolve the long
standing discrepancy between the apparent nu
clear association constant as determined by in 
vivo techniques, approximately 4 x 101 M~ Y18 

and the association constant determined at 
37°C, using either whole isolated nuclei or 
solubilized preparations, approximately 1 x 109 

M-1.134-136 Although the original explanation 
of the discrepancy was based on the argument 
that the ionic conditions in vitro failed to 
simulate adequately the in situ situation, this 
is probably not the case. Under multiple in-
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cubation conditions used by many investiga
tors, the association constant has never been 
reported to equal the value originally esti
mated in vivo. Another way of looking at this 
problem is to suggest that the mass of T3 
associated with the nuclei in situ simply cannot 
be explained by the association constants com
monly derived by accepted in vitro saturation 
techniques. A step-up function from cytosol to 
nucleus appears to provide a convenient reso
lution, one which receives additional support 
from the stereoselective nature of in vivo nu
clear accumulation. 

These considerations thus prompt a rééval
uation of the original interpretation of the in 
vitro nuclear accumulation data. Although iso
lated nuclei incubated in vitro can readily ac
cumulate T3 without the help of an active 
transport system, the in vitro is not a faithful 
model of the situation as it exists in the intact 
animal. It appears possible that in the process 
of subcellular fractionation, there is disruption 
of an energy-dependent system and perhaps 
the integrity of the nuclear envelope. 

In many physiologic systems, the receptor, 
in addition to playing an initiating role in 
hormonal action, also serves to modulate the 
extent of hormonal expression at the tissue 
level. For instance, many polypeptide hor
mone receptors show the phenomenon of 
"down regulation" in which receptor number 
varies inversely with the hormonal stimulus. 
Such a system serves to stabilize the cellular 
impact of the hormonal stimulus. Whether 
such a system also operates with respect to 
thyroid hormones is not clear. In the case of 
cultured GH1 cells, there does appear to be at 
least partial down regulation. With increasing 
concentrations of T3 in the medium, there is a 
progressive reduction in the number of nuclear 
T3 receptors. With maximal hormonal stimu
lation, approximately half of the receptors are 
depleted.139 The mechanisms underlying this 
process have been extensively examined by 
the use of dense amino acid labelling tech
niques, and the lower receptor concentrations 
achieved appear to result from both a dimin
ished synthesis and an augmented rate of frac
tional turnover. In the intact animal, however, 
there appears to be no major differences in 
hepatic nuclear receptor concentration in the 
hypothyroid, euthyroid, and hyperthyroid 
states.140 It is possible that in this situation 
changes in the rate of synthesis match changes 
in the rate of degradation without alteration 
in the net receptor number. The average half-

time of the hepatic receptor as estimated in 
euthyroid animals by blocking protein synthe
sis with cycloheximide is 4 hours.141' 142 No 
estimates of turnover rates in hypothyroid or 
hyperthyroid animals are available. 

Several additional factors may be involved 
in regulating the level of thyroid hormone 
receptors. Thus, starvation reduces the hepatic 
nuclear binding capacity by 30%,143'144 and a 
similar degree of reduction has been reported 
to follow glucagon administration and to ac
company partial hepatectomy.143 The technical 
limitations in measuring receptor number, 
however, deserve emphasis. Thus, in starva
tion, for instance, there appears to be an 
activation of proteolytic enzymes, the effect of 
which may still be apparent when the isolated 
nuclei are incubated with T3 in order to deter
mine the Scatchard plot. It is possible, there
fore, that the 30% reduction may be an over-
estimation. 

Several studies have been directed towards 
the measurement of lymphocyte T3 nuclear 
binding parameters because of the obvious 
clinical interest attached.145' 146 In each in
stance, the number of receptors measured was 
exceedingly low, generally less than 200/nu-
cleus. These sites do not readily lend them
selves to clinical analysis, because of both their 
paucity and susceptibility to proteolytic diges
tion. A report suggesting alterations in recep
tors in obesity147 could not be confirmed.146 

Evidence Favoring the Nuclear Site of 
Initiation of Thyroid Hormone Action 
In the preceding discussion, the terms "nuclear 
binding site" and "receptor" have been used 
interchangeably, with the tacit assumption that 
the site of initiation of thyroid hormone action 
is the specific nuclear site under consideration. 
The evidence supporting this view is now sum
marized. 

Nature and Location of the Sites. In general, 
hormone receptors have the properties of lim
ited capacity, high affinity sites, and nuclear 
binding sites for T3 that certainly qualify in 
this regard. However, it should not be assumed 
that limited capacity, high affinity binding pro
teins necessarily represent receptors involved 
in the initiation of hormone action. As an 
example, the binding proteins discussed in 
Chapter 4 are high affinity, low capacity sites 
but are clearly not involved in hormone action 
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at the cellular level. The evidence previously 
discussed that the receptors are nonhistone 
nuclear proteins, which are believed to func
tion in regulating the expression of information 
encoded in DNA, however, makes the poten
tial role of specific nuclear receptors a partic
ularly attractive hypothesis, especially in view 
of the data that suggest the receptor-containing 
complex is situated in the portion of DNA that 
appears to be actively transcribed. 

Widespread Distribution of the Nuclear Re
ceptors Among Thyroid Hormone-Respon
sive Tissues. Nuclear receptors have now been 
demonstrated in rat tissues, including liver, 
heart, kidney, brain, spleen," and lung.102 

Only in testis is there a virtual absence of 
receptors. Insofar as tests have been carried 
out, the analogue binding spectrum and the 
physicochemical properties of the receptors in 
the various tissues appear to be identical. Al
though it is readily apparent that all thyroid 
hormone-responsive tissues should contain re
ceptors, we cannot assume that nonresponsive 
tissues are necessarily devoid of receptors. 
Although traditionally spleen, brain, and testis 
have been classified as nonresponsive tissues, 
the criteria have been limited to oxygen con
sumption and the behavior of enzymes com
monly used as thyroid hormone indices, a-
glycerophosphate dehydrogenase and malic 
enzyme. As pointed out previously in this 
chapter, there are excellent reasons for sus
pecting that the appropriate biochemical pa
rameters of thyroid hormone action in the 
brain have not as yet been identified. As a 
consequence, only a limited correlation is pos
sible. 

Despite this, the universal distribution of 
thyroid hormone receptors in all species in 
which thyroid hormones have been identified 
speaks to the potential importance of these 
sites to the mechanism of action of these 
hormones. Again, using the criteria of ana
logue spectra and the standard physicochemi
cal properties of molecular weight and sedi
mentation constants, the sites appear to be 
identical. Whether more subtle differences in 
structure or amino acid sequence will be shown 
with the application of more sophisticated 
techniques remains to be determined. Similar 
nuclear binding sites have been demonstrated 
in a wide variety of species starting with the 
most primitive vertebrates.18 19 The recent de
scription of specific nuclear sites in the lamprey 
with analogue spectra and physicochemical 

characteristics identical to those in mammals 
is particularly pertinent.1820 

Occupancy-Response Characteristics. If a 
given binding site is assumed to be the point 
of initiation of hormone action, it is reasonable 
as a first approximation to anticipate that full 
occupation of such a site would lead to maxi
mal expression of any given hormonal effect. 
By this criterion, the nuclear binding sites 
under consideration would appear to qualify 
as receptors. Injection of a dose of hormone 
sufficient to saturate the sites for a given period 
will result, in fact, in maximal levels of activity 
in the hepatic enzymes a-glycerophosphate de
hydrogenase and malic enzyme. Only with 
more prolonged occupation of these sites will 
the enzyme level rise further. The relationship 
between the rate of generation of enzyme and 
the fractional occupancy of the sites, however, 
is not linear. Studies in which the instanta
neous rate of enzyme appearance is related to 
the concurrent fractional occupancy as de
duced by isotopie methods have shown a non
linear amplified relationship.148 Instead of the 
doubling in the rate of enzyme generation in 
the transition between the half occupancy of 
the euthyroid and the full occupancy of the 
hyperthyroid liver, there is, in fact, a 10- to 
15-fold increase. The precise mechanism lead
ing to such amplification remains unclear. An 
amplified response is characteristic of the re
sponse of a-glycerophosphate dehydrogenase 
and lipogenic enzymes, the precise degree of 
amplification being determined by the individ
ual enzyme as well as by the dietary status of 
the animal.149 Not all thyroid hormone re
sponses, however, are amplified. For instance, 
the relationship between the pituitary content 
of growth hormone (GH) and nuclear occu
pancy is linear150 in the transition between the 
hypothyroid and euthyroid states. Similarly, 
when account is taken of the down regulation 
of nuclear receptors in GH1 cells by T3, the 
relationship between nuclear occupancy and 
the rate of growth hormone synthesis is also 
linear.151 

Temporal Relationship Between Nuclear Oc
cupancy and Response. In assessing the pos
sibility of causal relationships between a set of 
biologic events, it is essential that an appro
priate temporal sequence be established. Thus, 
it is obvious in the case of thyroid hormone 
action that nuclear sites must be occupied 
before the next step in thyroid hormone action 
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is observed. If an established hormone action 
were found to precede the occupation of a 
putative receptor, such a site would automati
cally be disqualified as a hormone receptor for 
initiating that action. Using this criterion, nu
clear sites are readily compatible with receptor 
function. As pointed out previously, following 
the injection of a relatively large dose of T3, 
hepatic nuclear sites are almost instanta
neously occupied. This finding is due to the 
fact that the forward rate constant in the 
binding reaction is a second-order process and 
that, therefore, the velocity of the forward rate 
is dependent on mass. Nevertheless, this is still 
only weak evidence for a receptor role since 
multiple additional extranuclear binding sites 
are occupied by T3 as rapidly as are the nuclear 
sites. 

The plausibility of an initiating function, 
however, is increased by the demonstration of 
nuclear events, which rapidly follow the occu
pation of the nuclear sites. The lapse time 
between nuclear occupation and nuclear re
sponse formerly had been measured in hours. 
Thus, a lapse of 4 hours intervenes between 
the injection of T3 and the first observed in
crease in the incorporation of labelled orotic 
acid into new RNA,152 and a similar lag occurs 
before an increased rate of poly (A+ ) RNA 
formation is observed.153 On the basis of a 
translational assay, the level of the mRNA 
coding for malic enzymes does not rise until 2 
hours following injection of T3.154 Further stud
ies, however, have shown that a T3-responsive, 
hepatic mRNA, mRNA-S14, rises within 20 
minutes following T3 injection,155 and its pre
cursor HnRNA increases within 10 minutes.156 

At the same time, in vitro nuclear transcrip-
tional assays have shown an almost immediate 
increase after the addition of T3 to a cultured 
rat pituitary cell line.157 These findings provide 
strong support for the initiating role of the 
nuclear sites. 

The Correlation Between Thyromimetic Ac
tion and Nuclear Binding of Thyroid Hormone 
Analogues. The strong correlation between 
hormone action and nuclear binding exhibited 
by the 40 thyroid hormone analogues studied 
to date has been discussed. When account is 
taken of the distribution, metabolism, and 
nuclear transport of individual analogues, 
there appear to be no obvious exceptions to 
the generalization that conventional thyroid 
hormone action can be understood in terms of 
nuclear accumulation of the thyroid hormone 

analogue. Triac, the acetic acid analogue of 
T3, shows relatively weak biologic activity in 
light of the strong nuclear binding that it 
displays under in vitro conditions. However, 
the rapid metabolism of triac reduces the ef
fective nuclear residence time when adminis
tered as a daily pulse.158 159 The disproportion
ately strong biologic activity of T4 compared 
with its relatively low affinity for binding to 
nuclear sites can readily be attributed to the 
well-known conversion of T4 to T3. The 4'-
deoxy analogue of T3 is biologically active 
despite its apparent inability to bind to nuclear 
sites, but the paradox is resolved when it is 
recognized that 4' hydroxylation is readily car
ried out in vivo. Lastly, the discrepancies be
tween the enantiomers of T3 have been attrib
uted to the phenomenon of nuclear transport 
as previously discussed. The cumulative data 
presented by the analogue studies are perhaps 
the most important line of evidence that favor 
a receptor role for the nuclear sites. 

Extranuclear T3 Receptors 
Several groups proposed that T3 receptors can 
also be found in other subcellular fractions and 
that such receptors mediate distinctive hor
monal actions without the necessity of first 
stimulating protein synthesis. (For review, see 
Sterling.160) Thus, Sterling and associates have 
reported specific, T3-binding, inner mitochon-
drial membrane sites, which they claim me
diate at least some of the mitochondrial effects 
of thyroid hormone.161, 162 Two groups have 
reported finding such sites,163' 164 but another 
has been unable to confirm their existence.165 

In one of the confirmatory reports,163 however, 
the analogue specificity differed significantly 
from the accepted activity of thyroid hormone 
analogues. In the other, the number and affin
ity of sites were greater on the outer than the 
inner mitochondrial membrane.164 There are 
no published occupancy-response studies to 
validate their functional role. Both the nature 
and potential role of mitochondrial sites re
main uncertain. 

Several groups have also reported the dem
onstration of membrane-linked, T3-binding 
sites.166-169 Partial purification has been re
ported.169 However, there does not appear to 
be a strong correlation between analogue bind
ing and thyromimetic effects. Segal and 
Ingbar170 171 have proposed that these sites may 
mediate the transport of amino acids and sug-
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ars in thymocytes, but the concentrations of 
thyroid hormone and analogues, which have 
been used in vitro to demonstrate these effects, 
greatly exceed the physiologic range.170 m Fur
ther, the biologic effects observed do not ap
pear to be limited by saturation of these bind
ing sites. Evidence has been advanced that 
these sites may be involved in the transport of 
T3 rather than its action.172 A third group has 
focused on a direct effect of thyroid hormone 
analogues on the activity of red blood cell Ca 
ATPase.173 174 Although the effective concen
trations of thyroid hormone required for these 
effects are remarkably low, there appears to 
be only a poor relationship between the activ
ity of a given analogue and the conventional 
spectrum of thyroid hormone analogue activ
ity. 

In essence, there have been no convincing 
demonstrations so far that the traditional ef
fects produced by thyroid hormones in physi
ologic concentrations are mediated by extra-
nuclear receptors. However, it is conceivable 
that future research will in fact demonstrate 
such actions. The demonstration that the 
suppression of deiodinase-II by T4 and reverse 
T3 is not mediated by nuclear T3 receptors and 
does not require ongoing protein synthesis 
provides a well-documented extranuclear ef
fect of thyroid hormone.175 Whether this is an 
example of thyroid hormone "action" is a 
semantic problem. 

General and Specific Effects of 
Thyroid Hormone on RNA 
If one assumes that the predominant evidence 
points to a nuclear site of action of thyroid 
hormone, it is essential that one considers the 
overall effects of thyroid hormone on RNA. 
The concept that thyroid hormone functions 
by stimulating the synthesis of RNA was first 
advanced in the mid-sixties by Tata and col
leagues,49 who noted a sequence of changes 
that suggested that thyroid hormone exerted 
an action on rapidly labelled RNA prior to its 
effects on protein synthesis. In addition, they 
reported an increase in total RNA that is 
composed largely of ribosomal RNA. Subse
quent studies indicated that in the transition 
between the hypothyroid and euthyroid states, 
the level of poly (A + ) RNA, which contains 
most of the mRNA, paralleled the twofold 
increase in total RNA.176 No further changes 
in total or poly (A + ) RNA characterized the 

transition between the euthyroid and hyper-
thyroid states. Such generalized increases in 
mRNA, however, could hardly account for the 
highly specific effects produced by thyroid hor
mone as previously described in this chapter. 
In order to understand thyroid hormone ac
tion, it was necessary to identify the specific 
mRNA sequences that are regulated by thyroid 
hormone. Progress in understanding thyroid 
hormone action in the past decade has con
sisted largely of defining those genes that ap
pear to be directly regulated by thyroid. 

T3-Responsive Genes 

Pituitary Growth Hormone. Although the en
zymes and proteins known to be influenced by 
thyroid hormones number in the hundreds, 
only a few of these have been investigated at 
the gene level (Table 5-4). Some have been 
mentioned in connection with the survey of 
the cellular effects of thyroid hormone. Of 
these, perhaps most attention has been di
rected towards the gene coding for pituitary 
growth hormone. In the rat, the expression of 
the pituitary growth hormone gene is under 
the tight regulation of T3, and the level of 
growth hormone in the athyreotic state is vir
tually zero.177 Samuels first recognized the pos
sibility of exploiting the T3 response of cloned 
pituitary tumor cells lines for studying GH 
gene regulation.178 The response of GH ap
pears to be immediate, direct, and of sufficient 
extent to allow detailed analysis. 

Studies have clearly established that the 
principal mechanism responsible for the in
creased level of expression of the GH gene is 
an augmented rate of gene transcription.157 

This has been demonstrated by measuring the 
rate at which labelled nucleotides are incor
porated into hybridizable transcripts in isolated 
nuclei incubated under in vitro conditions. In 
this nuclear "run-on" assay, incorporation of 
radioactive nucleotide is only possible when 
the polymerase enzyme is already engaged in 

Table 5-4. Genes Studied as Models of T3 Action 

Rat pituitary growth hormone 
Rat and avian hepatic malic enzyme 
Rat hepatic S14 gene 
Rat and mouse pituitary growth hormone 

alpha and beta subunits (negative 
regulation) 

Rat and rabbit myosin heavy chains 
alpha subunit (positive regulation) 
beta subunit (negative regulation) 
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transcription. Since this system does not permit 
any initiation of transcription, the nucleotide 
incorporation is essentially a measure of the 
number of such engaged polymerase mole
cules. For the growth hormone gene, transcrip-
tional increases occur within minutes after the 
addition of T3 to the incubation medium. Thus, 
in this instance, it is likely that the effect of T3 
is direct and not mediated by an antecedent 
gene product induced by T3. 

Studies by several investigators have focused 
attention on the flanking DNA regions as 
potential control points in the regulation of 
the transcriptional rate. Casanova and 
associates179 have identified a 200 base-pair 
region "upstream" from the transcriptional 
starting site, which appears to be indispensable 
for regulation of the gene. This has been shown 
by the use of chimeric constructs, consisting of 
the 5' flanking region of the growth hormone 
gene and a "reporter" cholinesterase acetyl 
transferase (CAT) gene, which is readily mon
itored. Deletion of a critical upstream region 
of the growth hormone gene resulted in a loss 
of T3 regulation of the reporter gene. Analo
gous experiments with glucocorticoid-respon-
sive genes have shown that the glucocorticoid 
receptor appears to bind to those flanking 
regions that are important in gene regulation. 
It is therefore tempting to speculate that a 
similar mechanism may involve the binding of 
the thyroid hormone receptor to a specific 
locus in the upstream region of flanking DNA. 

Alpha and Beta Subunits of Myosin Heavy 
Chain. As discussed previously in this chapter, 
other responsive genes that have been studied 
include those coding for the alpha and beta 
myosin heavy chains, the alpha gene being 
under positive and the beta gene under nega
tive regulatory control.180 181 These corre
sponding mRNAs, however, respond only 
after a lag time of 2 hours. Although this raises 
the possibility of indirect regulation, it cer
tainly does not rule out the possibility of a 
direct effect. 

Alpha and Beta Subunits of TSH. The negative 
regulation of the gene coding for the alpha 
and beta subunits of TSH has also been ex
amined.9698 This occurs rapidly in response to 
thyroid hormone administration. Although 
considerable attention has been directed dur
ing the past 10 years or so to the gene coding 
for hepatic a2U globulin as a potential model 
of thyroid hormone action, the mRNA for this 

product is probably stimulated by GH, and the 
response in the hypothyroid animal to T3 is 
probably indirect, reflecting the stimulation of 
GH production by T3.182 

Effects of T3 on Lipogenesis and Lipogenic 
Enzymes. As discussed previously, thyroid 
hormones play an important role in the gen
eration of lipogenic enzymes. Such stimulation 
results from an increase in enzyme mass rather 
than from an augmentation of the biologic 
activity of the enzyme. Among the various 
lipogenic enzymes, malic enzyme shows one of 
the most marked increments, in the transition 
both from the hypothyroid to the euthyroid 
and from the euthyroid to the hyperthyroid 
states. Translational assays of malic enzyme 
mRNA activity showed that the enhanced lev
els of malic enzyme are due to a proportional 
increase in the level of corresponding 
mRNA,183 a finding subsequently confirmed by 
hybridization assay.184 

Other studies point to an important syner-
gistic interaction between T3 and carbohydrate 
in the induction of lipogenic enzymes, includ
ing malic enzyme.185 High carbohydrate, low 
fat (lipogenic) diets also induce lipogenesis and 
lipogenic enzymes. Clearly, the conversion of 
carbohydrate to fatty acid is a necessary pre
requisite to the storage of carbohydrate fuel in 
the form of triglycérides. An analysis of the 
simultaneous application of T3 and dietary 
stimuli on the induction of malic enzyme; fatty 
acid synthetase; and the two hexose mono-
phosphate shunt enzymes, glucose-6-P dehy-
drogenase and 6-P-gluconate dehydrogenase, 
revealed a marked multiplicative interaction. 
Studies with malic enzyme revealed that the 
T3-carbohydrate interaction was also mirrored 
by the level of the specific mRNA, thus sug
gesting that the interaction occurred at a nu
clear level.183 Such an interaction may provide 
some general insight into precisely how the 
effect of T3 at the genomic level is coordinated 
with other hormonal, dietary, and metabolic 
stimuli. 

The nature of the signal that appears to 
interact with T3 in these studies has elicited 
some interest.186 Addition of increasing con
centrations of glucose to the culture medium 
in the presence of a constant concentration of 
insulin resulted in the progressive induction of 
malic enzyme mRNA. At any given glucose 
concentration, the induction could be aug
mented by the addition of T3 to the medium. 
As in the animal, there appeared to be a simple 
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multiplicative interaction between these stim
uli. These results indicate that the effects of 
T3 and carbohydrate were mediated directly at 
the hepatocellular level and effectively ex
cluded the possibility that the induction of 
malic enzymes by either carbohydrate or T3 
was contingent on a rising level of insulin per 
se. A wide variety of carbohydrate intermedi
ates stimulated the formation of malic enzyme. 
In each instance, insulin was essential. These 
findings, and the demonstration that nonme-
tabolizable analogues of glucose were without 
effect on malic enzyme levels, suggested that 
the intracellular metabolism generated a prod
uct that served as the proximal trigger respon
sible for regulating gene expression. Dichlo-
roacetate, a known inducer of pyruvate 
dehydrogenase, was, however, capable of aug
menting the production of malic enzyme in the 
absence of insulin and even in the presence of 
glucagon.187 These findings thus raise the pos
sibility that the putative carbohydrate-induci-
ble factor is a product of pyruvate metabolism. 
The precise chemical nature of the compound, 
however, is still not known. 

Two-Dimensional mRNA Activity Profiles. A 
broader perspective of the effect of thyroid 
hormones on hepatic gene regulation was ob
tained by generating two-dimensional mRNA 
activity profiles (Fig. 5-5).188 With this tech
nique, RNA extracted from the tissues of 
animals subjected to various experimental ma
nipulations is used to direct the in vitro syn
thesis of protein products by a reticulocyte 
lysate translational system. The addition of 35S-
methionine to the system allows radioactive 
labelling of the translational products, which 
are subsequently separated by two-dimen
sional gel electrophoresis.189 The first dimen
sion involves isoelectric focusing, thus separat
ing proteins by virtue of their isoelectric point. 
The second dimension, involving sodium do-
decyl sulfate (SDS) gel electrophoresis, sepa
rates proteins according to their molecular 
weight. Radioautographs are obtained, and the 
intensity of individual spots can be quantitated 
by videodensitometry.190 In normal rat liver, 
approximately 250 discrete spots can be iden
tified, each presumably representing the trans
lational product of one mRNA sequence. By 
examining such gels, it is possible to analyze a 
large cross section of the genes, which is ex
pressed in high or medium abundancy in a 
given tissue. Of the 250 spots demonstrated in 

the two-dimensional gels, 19 showed selec
tive changes in response to alterations in 
thyroidal state.188 Following thyroid hor
mone administration, the expression of 11 
genes increased and seven decreased. One 
gene showed a biphasic change. Thus, if 
the behavior of the medium and high 
frequency mRNAs is typical of the low 
frequency sequences, one could conclude 
that, either directly or indirectly, thyroid 
hormone causes the selective regulation of 
approximately 8% of the genome. 

Messenger RNA activity profiles, such as 
the ones generated in the various thyroidal 
states, have several important applications. As 
a cross section of gene activity in a given tissue, 
they yield rather distinctive patterns and thus 
provide a "fingerprint" of the genomic re
sponse to the stimulus applied. Thus, the pat
tern developed in the hyperthyroid state 
strongly resembles that produced by feeding 
an animal a high carbohydrate diet, and the 
pattern of starvation resembles that of experi
mental diabetes mellitus.191 Further, an analy
sis of such profiles helps to exclude the possi
bility that the effect of a given stimulus on the 
expression of a gene is mediated by a specific 
factor. For example, approximately 30% of 
the genes influenced by thyroid hormone were 
influenced by virtue of a thyroid hormone-
induced increase in pituitary GH.192 Among 
the genes indirectly regulated by T3 in this 
fashion is that gene coding for a-2U globulin, 
which as pointed out previously had received 
considerable attention in the past decade or 
more as a potential model of thyroid hormone 
action. 

Lastly, mRNA activity profiles are useful in 
defining specific mRNA sequences, which re
spond rapidly to a given stimulus and undergo 
a large excursion. As discussed, such attributes 
make a given mRNA particularly attractive as 
a model for investigating hormone action. The 
rapidity of response can provide reasonable 
assurance that the hormonal effect is direct. 
By performing sequential gel analysis after the 
injection of T3 into hypothyroid animals, Seelig 
and coworkers demonstrated an mRNA, des
ignated arbitrarily as mRNA-S14, which re
sponded without an appreciable lag time and 
displayed a 20- to 30-fold increase above hy
pothyroid levels within a 4-hour period.155 This 
sequence codes for a protein of Mr 17,000 and 
pi of 4.9. Of special interest is the fact that 
the administration of a high carbohydrate diet 
also induces the formation of mRNA-S14. 
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Figure 5-5. Two-dimensional gel representation of the in vitro translational products of RNA obtained from the 
liver of animals subjected to various hormonal manipulations. Each panel represents the fluorograms of 35S-
labeled protein separated by the isoelectric point in the horizontal direction (pH 7.9, left; pH 4.5, right) and by 
molecular weight (Mr 100,000, top to 12,000, bottom). A Euthyroid unmanipulated animal. Each circled spot 
represents a sequence that is changed as a result of alteration in the thyroidal state. B, Thyroidectomized 
animals treated with a replacement dose of 0.3 μg/day for 12 days. C, Thyroidectomized animals. D, Thyroid
ectomized animals treated with 15 μg T3 for 12 days, rendering the animals metabolically hyperthyroid. Note 
position of Spot 14, Mr 17,000, pH 4.9. (Redrawn from Mariash, C. N. and Schwartz, H. L.: Effect of dichloroacetic 
acid on rat hepatic messenger RNA profiles. Metabolism 35:452-456, 1986.) 
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Messenger RNA-S14 Characterization. Liaw 
and Towle193 (Table 5-5) have cloned the 
cDNA to mRNA-S14 and have sequenced the 
coding regions of the gene. The gene is 4.5 
kilobases (kb) long and consists of only two 
exons separated by one intervening sequence. 
The translated region of the gene is located 
entirely on the first exon, and there are two 
polyadenylation sites on the second gene, re
sulting in the formation of two mRNA se
quences on Northern blot analysis. A TATA 
box variant is situated some 27 base pairs 
upstream from the transcription start site. 
From the nucleotide sequence, it is possible to 
infer that the mRNA codes for a protein of 
150 amino acids with a molecular weight of 
17,010. Carefully updated examination of oli-
gonucleotide and polypeptide sequences en
coded in national data banks has so far failed 
to reveal significant homologies. 

Hybridization analysis confirmed the rapid 
response to T3 inferred from the previous 
translational assays. A lag time of only 20 
minutes preceded the rise in the mRNA,194 

and only 10 minutes lapsed before the rise in 
the HnRNA precursor.195 The rapidity of these 
events virtually excludes the possibility that 
the effect of T3 is contingent on the generation 
of an antecedent T3-induced gene product. 
Further, the findings that the precursor rose 
before the mature mRNA and that the rise in 
precursor was proportional to the product pin
pointed the site of generation of the mRNA 
to the nucleus. Studies by Mariash and asso
ciates have confirmed a similarly rapid re-

Table 5 - 5 . S14: Characteristics of the Protein 
and Its mRNA 

Protein 
Molecular weight 
pi 
Subcellular localization 
Proposed function 

mRNA 
Tissue Distribution 

Response Characteristics 
Hepatic mRNA 

stimulated by 
inhibited by 

White fat mRNA 
stimulated by 

Brown fat mRNA 
stimulated by 
inhibited by 

17,010 
4.9 
Cytosol 
Stimulation of lipogenesis 

Liver, white and brown fat 
and lactating mammary 
gland 

T3 and carbohydrate 
Glucagon, starvation, and 

diabetes 

T3 and carbohydrate 

Cold and cafeteria diet 

sponse to the intragastric administration of 
sucrose.196 

Another unusual feature of mRNA-S14 is 
its marked circadian variation, with maximal 
values in euthyroid chow-fed animals occurring 
at 8:00 p.m. and minimal values occurring at 
8:00 a.m. A threefold variation in levels char
acterizes the daily cycle.194'197 This appears to 
be entrained to some as yet unidentified neu
roendocrine signal, since it is reversed by a 
180-degree phase shift in the light-dark cycle 
but not by a similar shift in the feeding cycle.197 

Further studies have demonstrated hybridiza
tion of rat cDNA probes with both human 
DNA and RNA, thus suggesting that this gene 
is also expressed in humans.198 

Molecular Mechanisms of Induction 
of mRNA-S14 
The molecular mechanism by which T3 in
creases the expression of the hepatic S14 
gene is still poorly understood. Narayan and 
Towle199 originally hypothesized that T3 was 
instrumental in stabilizing the precursor 
mRNA of S14. They reached this conclusion 
on the bases of the parallel increase in the 
level of the precursor and mature mRNA 
following T3 administration and their inability 
to demonstrate the expected fold increase in 
in vitro transcription as inferred from the nu
clear "run-on" assay. However, subsequent 
studies both by Towle and by Jump using other 
cDNA probes have demonstrated up to tenfold 
increases in hepatic S14 transcriptional rate 
after T3 administration (personal communica
tions). Further, studies by Kinlaw and 
coworkers200'201 have taken advantage of the 
capacity of cycloheximide to abrogate the tran
scription of the hepatic S14 gene, and that T3 
and active thyroid hormone analogues reverse 
this effect within minutes. These investigators 
proposed that T3 works by removing a nuclear 
inhibitor of precursor mRNA production. 
Given the variable results of transcription as
says it is impossible at this stage to decide 
whether T3 regulates transcription of the S14 
gene in whole or part or whether T3 stabilizes 
either the precursor or mature mRNA. This 
problem may be equally applicable to the 
induction of other sequences induced by T3. 
Only one third of the increase in the mRNA 
of hepatic malic enzyme184,202 and only a small 
fraction of the rise in the mRNA for hepatic 
SII can be attributed to transcriptional 
changes as inferred from run-on assays.203 



TISSUE AND CELLULAR EFFECTS OF THYROID HORMONES 115 

Cycloheximide acts promptly to block the 
induction of several thyroid hormone-respon
sive hepatic mRNAs155-203'204 and the mRNA 
coding for GH in the pituitary.2043 This raises 
the possibility that the synthesis of a short
lived protein may be essential for hormonal 
induction since other inhibitors of protein syn
thesis exert a similar effect. In the case of S14 
and pituitary GH, cycloheximide inhibits in
duction by impairing S14 transcription.205 Since 
there is no generalized reduction in poly (A) 
mRNA,203 the effect of cycloheximide appears 
selective for the transcription of certain genes. 
Since the half-time in the disappearance of the 
T3 nuclear receptor has been estimated to be 
about 4 hr141 and since the effect of T3 on the 
inductive process is essentially complete within 
half an hour, it is unlikely that the T3 nuclear 
receptor itself is the rapidly turning-over cyclo-
heximide-sensitive protein. 

Inferences Regarding the Function 
ofS14 
The exceedingly rapid effects of thyroid hor
mone and carbohydrate on mRNA-S14 to
gether with the striking excursion in the re
sponse of this sequence raise the possibility 
that mRNA-S14 may code for a functionally 
important hepatic protein. As previously indi
cated, the oligonucleotide sequence of cDNA 
and the peptide sequence do not appear to 
exhibit any homology with sequences regis
tered in national data banks. However, a series 
of functional correlations strongly support the 
possibility that this sequence codes for a pro
tein involved in lipogenesis. Thus, similar to 
lipogenic enzymes, mRNA-S14 is coordinately 
regulated by T3 and a high carbohydrate diet. 
Further, there is a synergistic interaction be
tween these two stimuli.196 A survey of the 
various tissues of the rat reveals substantial 
expression only in lipogenic tissues including 
liver, white and brown adipose tissue, and 
lactating mammary gland.194' 206 Experiments 
by Perez and coworkers207 have shown that the 
rise in hepatic lipogenic enzymes that accom
panies spontaneous weaning of rat pups from 
their mother's milk is accompanied by a rise 
in mRNA-S14. When the weaning process is 
hastened by weaning the rats prematurely to a 
laboratory diet, both the rise in lipogenic en
zymes and the rise in mRNA-S14 are hastened. 

Perhaps the most convincing evidence favor
ing the role of S14 in lipogenesis is found in 

studies that involve brown fat by Freake and 
coworkers.208 This tissue is known to be re
sponsible for the dissipation of energy in the 
form of heat both in cold adaptation ("non-
shivering thermogenesis") and following the 
ingestion of surplus calories contained in es
pecially delectable snack foods in a "cafete-
ria"-diet feeding. The mechanism of heat gen
eration is mediated by a mitochondrial protein, 
thermogen, which serves to uncouple oxidative 
phosphorylation. 

The content of mRNA-S14 in brown fat is 
the highest of any tissue so far examined, some 
six times that of white fat and 20 times the 
level in euthyroid liver. The response of 
mRNA-S14 has been measured in animals sub
jected to several physiologic and hormonal 
manipulations. The rate of brown fat lipoge
nesis was determined by the incorporation of 
3H into brown fat fatty acids following the 
administration of 3 H 2 0. Of interest was the 
finding of increased levels of mRNA-S14 in 
the hypothyroid state, as compared with the 
euthyroid baseline state. Accompanying the 
increase in brown fat mRNA-S14 was an aug
mentation in the rate of lipogenesis. Thus, 
despite the apparently paradoxic regulations 
of the S14 gene compared with liver and white 
fat, the correlation between mRNA-S14 and 
lipogenesis was preserved. At the same time, 
cold exposure and cafeteria-diet feeding both 
resulted in three to fourfold increases in the 
content of mRNA-S14/gm of tissue and a 
roughly proportional increase in the rate of 
brown fat adipose lipogenesis. 

Fatty Acid Synthesis and Degradation: 
Clues to the Molecular Basis of Thyroid 
Hormone—Induced Thermogenesis 
(Figure 5-6) 
The results of these studies in brown fat tissue, 
coupled with previous observations on the ef
fect of thyroid hormones on lipogenesis and 
beta oxidation of fatty acids, suggest a poten
tial mechanism to explain the well-known ther-
mogenic effects of thyroid hormones. Thus, 
the augmented brown fat lipogenesis demon
strated in the cold adapted, cafeteria-diet fed, 
and hypothyroid rat could well represent an 
adaptation to increase the synthesis of fatty 
acids for the purpose of sustaining the rate of 
mitochondrial oxidation of brown fat. In each 
instance, increased dissipation of energy serves 
a biologically useful purpose: for maintaining 
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figure 5-6. Schematic representation of the effect of 
thyroid hormone on fatty acid synthesis and degrada
tion. Thyroid hormone stimulates the formation of fatty 
acids from carbohydrates (CHO) by augmenting the 
induction of S14 and lipogenic enzymes. At the same 
time, the hormone increases the activity of carnitine 
palmitoyl transferase (CPT), the rate-limiting enzyme 
governing the entrance of fatty acids into mitochondria 
and stimulates other mitochondrial enzymes involved 
in fatty acid oxidation. The high energy phosphate (~P) 
required for fatty acid synthesis is supplied by their 
intracellular degradation. This appears to result in a 
futile cycle with increased oxidation but without the 
generation of "useful" work. 

body heat in the cold-exposed animals, for the 
expenditure of unneeded calories, and for 
counterbalancing the hypothermie effect of the 
hypothyroid state. 

Similarly, the augmented rate of hepatic 
lipogenesis associated with the hyperthyroid 
state appears to depend on the continued syn
thesis of fatty acids to fuel the mitochondrial 
oxidative machinery. Increased rates of lipo
genesis and increased levels of free fatty acids 
are uniformly found in the hyperthyroid state. 
Protein S14 probably plays an important role 
in this process. At the same time, other studies 
have shown that thyroid hormone also in
creases the rate of beta oxidation of fatty acids, 
both by increasing the formation of the mito
chondrial enzymes responsible for such 
oxidation209 210 and by increasing the activity 
of carnitine palmitoyl transferase, the rate-
limiting enzyme controlling the entrance of 
long chain fatty acids into the mitochon
drion.211 It is possible that thyroid hormone is 
responsible for the activation of the genes that 
code for these enzymes and any regulatory 
proteins required to coordinate the system. 
Since lipogenesis is a high energy-requiring 
process, this could serve as a ready sink for 
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the ATP produced in the course of mitochon
drial beta oxidation. As a consequence, suffi
cient ADP would be available to maintain 
continued mitochondrial oxidation in the 
tightly coupled oxidative phosphorylation as 
discussed. In essence, hepatic thyroid hor
mone-induced thermogenesis would result 
from a futile cycle of fatty acid synthesis and 
degradation. Additional experiments are 
clearly required to assess in a qualitative fash
ion, the contribution of T3-induced lipogenesis 
to T3-induced thermogenesis and to assess the 
mechanism that underlies extrahepatic ther
mogenesis. 

A reduction in futile cycling in animals under 
the stress of catabolic illness might well have 
adaptive value in a reduction in the expendi
ture of energy and might explain the function 
of the lowered serum T3 observed in such states 
as well as in starvation. With the limited avail
ability of food to the injured or sick animal, 
reduction of the fatty synthesis-degradation 
cycle might be expected to result in the diver
sion of caloric energy for essential life-preserv
ing and reparative processes. Such a mecha
nism might well explain the finding of low 
concentrations of T3 in sick and calorically 
deprived patients. 

CONCLUSIONS 

The multiple effects of thyroid hormones on 
tissues and cells are surveyed, and some guide
lines to understanding these complex phenom
ena on the basis of developments in the fields 
of molecular and cellular biology are provided. 
Several impressions emerge from these efforts. 
First, it is clear that almost all of the general
ities offered are preliminary and tentative and 
that the vast bulk of phenomenology that has 
been reported in the past 100 years remains 
unexplained. The field of thyroid hormone 
action is replete with the litter of many failed 
efforts to achieve a unified understanding. Sec
ond, despite these reservations, it is clear that 
the recognition of the apparent universality of 
the receptor-T3 interaction has been instru
mental in focusing attention on nuclear events 
in explaining the initiating mechanism of thy
roid hormone action. Further studies, how
ever, are required to place into appropriate 
perspective direct interactions of thyroid hor
mone with extranuclear events. Third, evolu
tionary considerations suggest that the thyroid 
hormone system has been exploited for a wide 
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range of purposes. In particular, the T3-recep-
tor complex has played a critical role in the 
development of homeotherms some 200 mil
lion years ago. Thus, it may be appropriate to 
regard T3 as a relatively nonspecific chemical 
regulator of gene expression, the specific sys
tems subserved being dictated by evolutionary 
factors. Last, the tools of modern recombinant 
DNA technology should be helpful in defining 
the specific details of the initiation process and 
resolving current uncertainties regarding the 
relative importance of transcription, RNA sta
bilization, and precursor processing. Of equal 
importance, however, is the potential applica
tion of these techniques to an understanding 
of the sequential molecular steps past the point 
of initiation, which lead to the characteristic 
physiologic and biochemical manifestations of 
thyroid hormone effects in the organism. 
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IN VITRO THYROID FUNCTION TESTING 
Nature of the Circulating Thyroid 
Hormones 
The kinetics, transport, and metabolism of the 
thyroid hormones are discussed elsewhere in 
this text. A few points need emphasis in rela
tion to the clinical usefulness of thyroid hor
mone measurements. The two clinically im
portant and metabolically active thyroid 
hormones in human circulation are L-3,5,3',5'-
tetraiodothyronine (thyroxine, T4) and L-
3,3',5-triiodothyronine (triiodothyronine, T3).1 

T3 is about 3 to 5 times more potent than T4 
on a weight for weight basis with respect to 
calorigenesis and suppression of thyrotropin 
(TSH) production.15 Although thyroidal se
cretion is the only known source of T4, T3 
derives from both thyroidal secretion (20 to 
30%) and monodeiodination of T4 to T3 pe
ripherally in extrathyroidal tissues (70 to 
80%).6 7 T4 and T3 are transported in the blood 
stream bound to three binding proteins, thy
roxine binding globulin (TBG), thyroxine 
binding prealbumin (TBPA) or transthyretin, 
and albumin.1-4,8 TBG is the most avid but 
has the lowest capacity, whereas albumin has 
the greatest capacity but is the least avid. T3 
has very little avidity for TBPA, binding pri
marily to TBG and albumin. Approximately 
99.96% of T4 is in the bound form (0.04% in 
the free form), whereas binding of T3 to these 
proteins is ten times less, only 99.5% being 
bound and 0.5% being free.9 It is this small 
free fraction of T4 and T3 that is free to diffuse 
into the tissues and that will then be respon
sible for thyroid hormone effects. Discussion 
in previous chapters indicates that the prime 
burden of thyroid hormone action occurs via 
T3. 

Most of the biologic activity of T4 is due to 
its conversion to T3.6 However, 10% of the 
total iodothyronine specifically bound to the 
nuclear receptor is in the form of T4, with the 
remaining 90% in the form of T3.10 Since 
equimolar amounts of iodothyronine bound 
specifically to the receptor appear to exert 
equivalent biologic effects it is probable that 
10% of thyroid hormone effects can be attrib
uted to the intrinsic thyromimetic properties 
of T4. 

In addition to T4 and T3, some other iodo-
thyronines have been detected in human 
plasma.15 These include reverse T3 (3,3',5'-
T3, rT3) and 3,3'-diiodothyronine (3,3'-T2). 

124 
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Table 6 - 1 . Thyroid Function Tests 

Test 

Serum thyroxine 
Free thyroxine 

fraction 
Free thyroxine 
Thyroid hormone 

binding ratio 

Free thyroxine 
index 

Serum 
triiodothyronine 

Free 
triiodothyronine 

Free 
triiodothyronine 
index 

Reverse 
triiodothyronine 

Radioactive iodine 
uptake 

Serum thyrotropin 

Basal metabolic 
rate 

Thyroxine-binding 
globulin 
capacity 

TRH stimulation 
test 

Serum 
thyroglobulin 

Thyroid 
microsomal 
antibody titer 

Thyroglobulin 
antibody titer 

Abbreviation 

T4 
FT4F 

FT4 
THBR 

FT4I 

T3 

rT3 

FT3I 

rT3 

RAIU 

TSH 

BMR 

TBQ 

Tg 

TMAb 

TgAb 

Synonym 

Dialysis 
fraction (DF) 

T3 uptake ratio 
(T3RU) 

Normal Range 

Conventional Units 

4 . 6 - 1 2 μο/ό\ 
0 . 0 3 - 0 . 0 0 5 % 

0 . 7 - 1 . 9 ng/dl 
0 . 9 - 1 . 1 

4 - 1 1 

8 0 - 1 8 0 ng/dl 

2 3 0 - 6 1 9 pg/dl 

8 0 - 1 8 0 

3 0 - 8 0 ng/dl 

1 0 - 3 6 % 

0 . 5 - 6 μυ/ml 

- 1 0 to + 10% 

1 2 - 2 0 ug/dl T4 + 
1.8 μgm 

Peak TSH 9 - 3 0 μΐϋ/ 
ml at 2 0 - 3 0 min 

0 - 3 0 ng/ml 

Varies with method 

Varies with method 

SI Units 

6 0 - 1 5 5 nmol/L 
— 
8 - 2 5 pmol/L 
— 

6 0 - 1 5 5 

1.2-2.8 nmol/L 

2 - 6 pmol/L 

1.2-2.8 

— 

— 
0 . 5 - 6 mU/L 

— 
1 7 0 - 3 0 0 

nmol/L 

— 
0 - 4 5 pmol/L 

— 

— 

Comments 

— 
Measured by 

dialysis 
= T4 x FT4F 
Normalized to 

control 
reference serum 

= T4 x THBR 

— 

= T3 x FT3F 

= T3 x THBR 

— 

Range depends on 
iodine intake 

Range of sensitive 
TSH assay 

Not readily 
available 

— 

— 

— 

— 

— 

More than 90% of the daily production rate 
of rT3 is derived from the peripheral deiodi-
nation of T4.5 Thyroid secretion contributes 
less than 10%. Reverse T3 and 3,3'-T2 have 
little, if any, calorigenic or TSH suppressive 
effects. In large doses, however, rT3 can inhibit 
the peripheral effects of T4.1-5 In normal indi
viduals, secretion of T4 and T3 by the thyroid 
is regulated by TSH from the anterior pitui
tary.11 The secretion of TSH in turn is influ
enced by the level of free T3 and free T4 in the 
plasma and by the thyrotropin releasing hor
mone (TRH) secreted by the hypothalamus.11 

There is a negative feedback system between 
circulating thyroid hormones and pituitary 
TSH that maintains circulating thyroid hor
mone levels within normal limits.11 Disruption 
of this system with changes in circulating hor
mone levels can occur as a result of hypotha-
lamic, pituitary, or thyroid dysfunction. 

The development of radioimmunoassay 

(RIA) techniques to measure T4, T3, and TSH 
in the plasma and the availability of TRH have 
certainly simplified the diagnosis of thyroid 
disease.12 The speed, specificity, reliability, 
and sensitivity of these relatively new proce
dures have made virtually obsolete many pre
vious tests, such as the basal metabolic rate, 
the serum protein bound iodine (PBI), the 
butanol extractable iodine (BEI), and the thy
roxine iodide by column.12 Moreover, many 
other procedures, such as the response of the 
thyroid to TSH and the T3 suppression test, 
are not required nearly as often. Since so many 
conditions affect thyroid function, or T4 or T3 
binding in the plasma, no single test can be 
employed to "screen" for thyroid disease. Se
lection of appropriate procedures depends 
upon the particular clinical problem to be 
investigated as well as an understanding of the 
significance of each test and the problems 
encountered in interpreting the results of these 
procedures (Table 6-1). 



126 THYROID HORMONE AND LABORATORY EVALUATION 

Total Serum T4 

The radioimmunoassay for the measurement 
of serum T4 has virtually replaced all other 
techniques.13 A competitive protein binding 
(CPB) technique was employed, but it is used 
rarely now because of the efficiency and ease 
of the RIA procedures, some of which are 
highly automated. Moreover, determination of 
PBI and T4 iodine by column are no longer 
utilized. Iodine, iodine-containing drugs, and 
radiocontrast agents do not interfere with the 
RIA procedure as they did, of course, with 
the PBI and T4 iodine by column. 

In most laboratories, the normal range for 
serum T4 measured by RIA is about 60 to 155 
nmol/L (4.5 to 12.0 μgm/100 ml). Regardless 
of the procedure utilized, the technique does 
measure total (free and bound) serum T4. 
Since the free form represents only 0.05% of 
the total, it is negligible in terms of the total 
RIA value, although very important in its own 
right. The serum T4 levels are usually, but not 
invariably, increased in hyperthyroidism and 
decreased in hypothyroidism. There is also a 
perceptible but very minimal decline with ad
vanced age. 

It is obvious that changes in the concentra
tion of binding proteins will profoundly affect 
the results of the serum T4 determination (Ta
ble 6-2). Many agents will elevate TBG, such 
as estrogen, oral contraceptives, methadone, 
heroin, and perphenazine (Trilifan).12 13 TBG 
is also elevated in pregnancy owing to in
creased estrogen, infectious hepatitis, and in
termittent porphyria, and may also be elevated 
on a genetic basis.14 13 Thus, there will be a 

Table 6 - 2 . Conditions Affecting Thyroxine Plasma 
Protein Binding 

Increased plasma protein 
binding (resulting in the 
increased serum T4 and 
T3, but reduced T3 resin 

uptake) 

Decreased plasma 
protein binding (with low 

serum T4 and T3, but 
increased T3 resin 

uptake) 

Pregnancy 
Estrogen therapy 

(particularly oral 
contraceptives) 

Perphenazine 
Infectious hepatitis 
Acute intermittent 

porphyria 
Congenital 

hyperTBGemia 
Dysalbuminemic state 

(albumin or 
transthyretin) 

Drug therapy 
Androgens 
Corticosteroids 
Diphenylhydantoin 
Salicylates 

Major illness 
Mephrotic syndrome 
Congenital hypoTBQemia 

consequent increase in the serum T4, and since 
70% of T3 is bound to TBG, in total serum T3 
as well. Conversely, TBG may be lowered in 
cirrhosis, nephrotic syndrome, severe illness 
of any kind, and in treatment with androgens, 
anabolic steroids, and glucocorticoids. Large 
doses of diphenylhydantoin (phenytoin, Dilan-
tin) may also result in a decrease in the affinity 
of TBG although the mechanism underlying 
the reduction of T4 in patients treated with this 
agent appears to be related to an increased 
fractional rate of metabolism as a consequence 
of drug stimulation of hepatic hydroxylating 
enzymes and an impaired compensatory re
sponse by the hypothalamic-pituitary-thyroidal 
axis.14 Once again, a low TBG may be a result 
of a genetic abnormality.14 In this situation 
the total T4 and total T3 levels are low. Under 
these circumstances, however, the person re
mains euthyroid because the free T3 and T4 
values remain normal. These elements must 
be kept in mind when results of the serum T3 
and T4 are not in accord with clinical status. 
In acutely moribund euthyroid patients (e.g., 
patients dying of myocardial infarction) the 
serum T4 and free T4 index are low, but the 
free thyroxine by equilibrium dialysis is often 
normal.1517 These issues are considered in fur
ther detail subsequently. 

Rare causes of increased T4 concentrations 
in the absence of hyperthyroidism include in
creased peripheral resistance to thyroid hor
mones (Refetoff s syndrome)18; high T4 values 
secondary to unusual albumin and prealbumin 
binding proteins with high affinity to T4 but 
not T3 and often with a familial distribution19; 
and high T4 values secondary to an antibody 
against T4, sometimes observed in patients 
with high titers of antithyroglobulin.20 21 Where 
such antibodies to T4 occur, the values for 
serum T4 may be either very high or very low, 
depending on the particular radioimmunoassay 
procedure employed.21 With polyethylene gly-
col radioimmunoassays, the values will be spu
riously low, whereas with hormones extracted 
from serum with a Sephadex G-25 column, the 
values are increased to their true high values.21 

Total Serum T3 

The normal range for the total serum T3 levels 
determined by radioimmunoassay varies from 
approximately 1.2 to 3.4 nmol/L (90 to 210 
ngm/100 ml), depending upon the laboratory 
that performs the procedure (Fig. 6-1).1_5 12 13 

Although the affinity of binding proteins for 
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Figure 6 - 1 . Serum T3 concentration as measured by 
radioimmunoassay in normal subjects and patients 
with hypothyroidism and hyperthyroidism. (Redrawn 
from Chopra, I. J. and Solomon, D. H.: Thyroid func
tion tests and their alterations by drugs. Pharmacol. 
Ther. 1:367-399, 1976.) 

T3 is much less than that for T4, about 99.5% 
of T3 in the serum is bound to proteins.15 

Thus, changes in protein concentration will 
affect T3 levels in a manner similar to that 
described for T4. 

The level of serum T3 is often disproportion
ately increased in relationship to that of T4. 
Stimulation of the thyroid, whether by TSH or 
by the thyroid-stimulating antibody (TSAb) of 
Graves' disease, leads to direct thyroidal se
cretion of T3. Thus, in Graves' disease the high 
level of circulating T3 derives from peripheral 
conversion of the excessive T4 produced as 
well as augmentation in direct thyroidal secre
tion of T3. Graves' disease therefore is char
acterized by a high T3/T4 serum concentration 
ratio and renders the serum T3 assay particu
larly valuable in diagnosis.22 The concentration 
of free T4 may be in the normal range with an 
elevation of the free T3 concentration only. 
The patient is still considered to be hyperthy-
roid and is often designated as having "T3-
toxicosis." 

Increased levels of T3 will also be encoun
tered in euthyroid persons who have elevations 
of TBG, 1 5 in those who are resistant to thyroid 
hormone at the tissue level,18 and depending 
on the technique employed in those with an
tibodies to T3.20 21 Conversely, normal T3 levels 
may be present in hyperthyroid patients with 
low TBG concentrations and in rare instances 
of "pure T4 thyrotoxicosis."15 The latter is 
most often observed in patients with true cat-

abolic disease, which tends to depress the 
serum T3 concentration. However, most pa
tients with high serum T4 with normal or low 
T3 levels are not hyperthyroid. Such a condi
tion, which may be called "pseudohyperthy-
roidism," may be seen in euthyroid persons 
with other nonthyroidal systemic disorders in 
whom there is a defect in T4 to T3 conversion. 
As indicated previously, this association may 
be due to abnormalities of albumin or preal-
bumin binding.19 Under these circumstances it 
is important to measure free thyroxine and the 
TSH concentration by a sensitive assay to rule 
out hyperthyroidism. 

T3 determinations may be useful in following 
patients who are taking thyroxine for either 
hypothyroidism or goiter suppression, provid
ing they are not ill with "nonthyroidal" dis
ease. Under such circumstances, when patients 
take thyroxine in dosages of 0.10 to 0.15 mg/ 
day, the serum T4 level will often be elevated.21 

However, the serum T3 level will usually be 
within normal limits. 

In a recent study of replacement therapy in 
patients with primary hypothyroidism,7 sup
pression of TSH into the normal range was 
accompanied by a mean serum T3 concentra
tion nearly identical to that of an age- and a 
sex-matched normal control group, whereas 
the concentration of serum T4 was elevated 
considerably over that of the normal controls. 
Calculations suggested that in normal euthy
roid subjects approximately 18% of circulating 
T3 is derived from direct thyroidal secretion 
with the remaining 82% derived from periph
eral conversion of T4 to T3. In athyreotic 
patients treated with exogenous T4 a higher 
level of circulating T4 must be achieved in 
order to compensate for thyroidal section of 
T3. The fact that TSH normalization was as
sociated with a normal T3 and an elevated T4 
prompted the investigators to suggest that the 
level of pituitary TSH is determined by plasma 
T3 rather than by plasma T4, as had been 
proposed for the rat.23 If a patient has an 
autonomous thyroid or a nonsuppressible nod
ule, T4 treatment can also be helpful in diag
nosis since under such circumstances the serum 
T3 will be definitely elevated.22 

If the physician elects to follow a hypothy-
roid patient who is receiving replacement ther
apy with serum T3, it is important to be certain 
of the normal range of serum T3 used by the 
laboratory. This range tends to vary from 
laboratory to laboratory and to depend on the 
precise techniques and the nature of the anti-
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serum used. Further, a fall in serum T3 level 
may accompany even minor illness or dietary 
restrictions.24 These factors should be taken 
into account in assessing the meaning of the 
given serum T3 obtained in such a patient. 

T3 determinations are not very helpful in the 
diagnosis of hypothyroidism, since they may 
continue to be within normal limits or only 
slightly reduced when the serum T4 is already 
very low and the TSH very high.15 T3 declines 
well below normal only in very severe hypo
thyroidism, where the diagnosis is usually very 
obvious clinically. The tendency to maintain 
the serum T3 concentrations within normal 
limits in the face of hypothyroidism probably 
reflects selective stimulation thyroidal secre
tion of T3 by augmented levels of TSH as well 
as the effects of increased peripheral conver
sion of T4 to T3 associated with a depressed T4 
concentration.25 

Conversely, low T3 values are found in a 
variety of euthyroid states. Such low values 
are found in normal newborn infants, as well 
as in association with a variety of nonthyroidal 
illnesses, such as malnutrition or starvation, 
anorexia nervosa, acute and chronic systemic 
disorders, and major surgery. The "euthyroid 
sick" syndrome or the "low T3 syndrome" 
refers to the findings of such values in these 
euthyroid ill patients. The low T3 concentra
tions in these patients do not reflect the pres
ence of any thyroid disorder and are related 
only to changes in peripheral generation of 
T3.4 5 16 (This problem is discussed subse
quently.) In addition, corticosteroids, propyl-
thiouracil, and certain radiographie agents, 
e.g., sodium ipodate, will also depress the 
serum T3.26 Such low values as occur under 
these circumstances generally reflect reduced 
peripheral conversion of T4 to T3. The nature 
of this change in conversion is discussed else
where in this text. 

Serum Reverse T3 (iT3) 

Serum rT3 is a product of monodeiodination 
of the inner ring of thyroxine.5 As previously 
indicated, this iodothyronine has little calori-
genie or TSH-suppressive effects, but in high 
concentration may inhibit the effect of T4 by 
preventing the peripheral conversion of T4 to 
T3. A small fraction (about 3%) is derived not 
from the peripheral conversion of T4 to T3, but 
from direct thyroidal secretion. The mean 
plasma, rT3 varies from 0.4 to 0.9 nmol/L (30 
to 80 ngm/100 ml) in the human. The serum 
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rT3/T4 ratio is elevated in both hypothyroidism 
and hyperthyroidism, although the precise 
mechanisms leading to these changes have not 
been clarified. 

There is an increase in the serum rT3 con
centration in normal newborn infants and in 
amniotic fluid. It has been suggested that am-
niotic fluid rT3 measurements may be useful 
for detecting serious fetal hypothyroidism and 
that cord blood rT3 measurements may be 
useful in the measurement of neonatal hypo
thyroidism. However, these hopes have not 
yet been realized. 

The rT3 levels are also elevated in the eu
thyroid sick syndrome in persons who are ill 
with a variety of nonthyroidal disorders al
ready discussed.5' 16 Thus, in the absence of 
thyroid disease, a low T3 will be associated 
with a high rT3, whereas if both values are 
low, true hypothyroidism exists. The high rT3/ 
T3 ratio in nonthyroidal disease is not merely 
due to increased conversion of T4 to rT3, but 
rather due to a reduced clearance of rT3. 

Protein Binding of Thyroid Hormones 

As pointed out in Chapter 5, the levels of both 
T4 and T3 are determined by the production of 
the iodothyronines, their distribution volume, 
and their rates of peripheral metabolism. From 
a clinical point of view, an important variable 
that determines both the distribution and the 
fractional metabolism of the thyroid hormone 
is the level of plasma protein binding. In 
pregnancy, for example, high estrogen levels 
stimulate the production of TBG by the liver. 
Since there is a rapid exchange of iodothyro
nines between cellular and plasma protein 
compartments, a shift of both T4 and T3 from 
the cellular to the extracellular compartments 
will result as will a decrease in the fractional 
rate of hormone metabolism. The level of total 
serum T4 and T3 will increase. Since the frac
tion of T4 that dissociates from the binding 
protein is reduced, the level of the free hor
mone will remain essentially unchanged. Thus, 
in the steady state in a pregnant woman, we 
anticipate an elevated level of serum T4, an 
expanded total volume of T4 distribution, a 
diminished fractional rate of disappearance 
from plasma, and no change in the effective 
thyroidal state of the tissues. These apply to 
T3 as well as T4. An oppositely directed se
quence of events will follow the administration 
of large doses of testosterone, since this hor
mone will reduce the level of circulating TBG. 
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From a clinical point of view, therefore, it is 
important to discount the potential effects of 
plasma protein binding on the level of total 
circulating hormones. In the steady state, the 
free hormone concentration will not change in 
response to an alteration in the level of binding 
proteins. Neither will there be an alteration in 
the intracellular hormone pool or the thyroidal 
state of the patient. 

Multiple approaches are available to assess 
the effect of plasma protein binding on the 
serum concentration of total hormone meas
ured. The most direct way of performing such 
correction is to measure the free hormone 
concentration by equilibrium dialysis as de
scribed in Chapter 4. In brief, radioactive T3 
or T4 is added to dilute serum contained in a 
semipermeable dialysis bag, which is subse
quently dialyzed against a surrounding com
partment of aqueous buffer (see Fig. 4-3). 
Tracer 125I-T3 is used to measure the binding 
of T3, and 125I-T4, the binding of T4. After 
equilibration has been attained, the fraction of 
tracer in the system that is not bound to protein 
is determined. From this value and the known 
dilution of serum it is possible to estimate the 
fraction of total T4 or T3 that is unbound in 
whole undiluted serum. This is designated as 
the dialysis fraction (DF). The product of the 
DF and the total T4 will provide an approxi
mation of the free hormone concentration. 
From the foregoing discussion, it follows that 
with any alterations in binding, the level of 
total hormone and dialysis fraction will change 
in a reciprocal fashion so as to leave the 
product, the free hormone concentration, un
changed. 

From a practical point of view, the equilib
rium dialysis method has been considered to 
be tedious by most clinical laboratories, owing 
to problems in automating the procedure and 
long time (18 to 24 hours) required in achieving 
equilibrium. As a consequence, resin uptake 
techniques have been developed for the pur
pose of providing a relatively rapid assessment 
of the strength of plasma protein binding (Fig. 
6-2). Radioactive tracer iodothyronine is 
added to serum and the mixture is exposed to 
solid matrices that bind thyroid hormones non-
specifically and compete with serum for 125I-T4 
or 125I-T3 bound to plasma proteins. A partition 
is achieved between tracer hormone associated 
with plasma and resin, the latter serving as a 
neutral index against which the strength of 
plasma binding can be quantitated. For ex
ample, if the serum contains a high concentra-
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figure 6-2. Comparison of the dialysis and matrix 
uptake procedures for assessing plasma protein bind
ing. An equilibrium dialysis procedure can be consid
ered as a mechanism for partitioning iodothyronine 
between a buffer and serum protein phase, with the 
final distribution dependent on the net strength of 
binding of the iodothyronine by plasma proteins and 
the buffer. In an analogous fashion, the matrix (resin) 
uptake procedure can be viewed as a mechanism for 
achieving a partition between the serum and matrix 
phase, again with the final distribution of the tracer 
iodothyronine contingent on the relative strength of 
binding of the matrix and the serum. By dividing the 
matrix/serum uptake ratio of a test serum by the 
matrix/serum ratio of pooled normal serum, the role 
of the matrix binding can be factored out and the 
relative strength of the plasma binding compared with 
the normal reference serum assessed. This quotient 
multiplied by the total T4 or T3 yields the free T4 or 
free T3 index, values that are proportional to the free 
hormone concentrations under many circumstances. 
By convention, radioactively labelled T3 is used as the 
tracer to measure the partition, a fact that accounts 
for the general designation of this test as the "T3 resin 
uptake." 

tion of TBG a higher proportion of the added 
ligand will remain bound to the plasma and a 
correspondingly lower proportion to the resin. 
The opposite would be the case for serum with 
diminished plasma protein binding. A smaller 
fraction of tracer will associate with plasma 
and a larger proportion with resin. 

As detailed in Chapter 4, several factors 
determine the overall strength of plasma pro
tein binding. These include the concentrations 
of each of the major binding proteins (TBG, 
TBPA, and albumin); the avidity of each, as 
represented in the association constant; and 
the degree of saturation of each binding pro
tein. The last factor deserves some explana
tion. With excessive production of T4 by the 
thyroid an increase in the circulating level of 
T4 will result in the occupation of a larger 
fraction of TBG binding sites and a reduction 
in the number of unoccupied sites. As a con-
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sequence, the DF increases. In hyperthyroid-
ism, diminished protein binding is due to a 
modest decrease in the concentration of the 
transport proteins as well as to a reduction in 
the available binding sites resulting from excess 
T4 production. In hypothyroidism, conversely, 
T4 production decreases and the fraction of 
total unoccupied sites increases. The DF falls 
in part because of an increased TBG protein 
concentration and in part because of a desat-
uration of the TBG sites as a consequence of 
diminished circulating T4. In hyperthyroidism 
an increased total T4 and an increased dialysis 
fraction will result in a disproportionate ele
vation in the free hormone concentration; con
versely, in hypothyroidism a diminished total 
T4 and a diminished resin uptake will result in 
a disproportionate decline in the calculated 
free hormone concentration. 

A major problem in the interpretation of 
thyroid function tests results from the diversity 
of methods for measuring plasma protein bind
ing. In particular, the tradition of using radio
active T3 to assess the plasma protein binding 
of both T4 and T3 remains in wide use. This 
practice can be only marginally justified, is 
totally unnecessary and, as discussed subse
quently, can lead to major errors in assessing 
the free T4 index in specific sera. 

A second problem derives from the fact that 
resin assays results are frequently expressed as 
the percent uptake rather than as the resin-to-
serum ratio (Fig. 6-3). This practice can lead 
to conceptual difficulties, as illustrated by the 
following example. Assume that in a resin 
uptake a normal serum permits an uptake of 
50%. If we could now in some hypothetical 
fashion remove 99% of the thyroid hormone 
binding plasma proteins the concentration of 
free T4 would increase some 100-fold. How
ever, the percent of T4 bound to resin would 
increase by a factor of only 2, from 50 to 100. 
A more appropriate way of expressing resin 
uptake binding would be the ratio of labelled 
iodothyronine bound to plasma bound to io-
dothyronine bound to plasma. In the example 
cited, 50% resin uptake would correspond to 
a resin uptake ratio of 1, and with the removal 
of 99% of the binding protein the uptake ratio 
would increase to a correct theoretical ratio of 
100. 

A convenient method of expressing the free 
T4 and free T3 indices is to normalize the 
plasma binding ratio of a test serum to that of 
a pool of normal serum determined concomi-
tantly. The quotient will be unitless, and a 
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figure 6-3. Importance of expressing matrix hormone 
uptake as a ratio rather than percent. In the example 
illustrated and discussed in the text 99% of the 
binding proteins in a normal serum are hypothetically 
removed. Whereas this clearly should result in a 100-
fold reduction in serum binding, the percent matrix 
uptake is reduced by a factor of only 2. 

serum with normal plasma binding should yield 
a value close to 1. If, however, plasma binding 
is diminished, the normalized binding ratio will 
be significantly greater than 1, and conversely 
increased binding will be accompanied by a 
ratio significantly less than unity. The product 
of the normalized binding ratio and the total 
T4 or T3 concentration will result in a free T4 
or T3 index, each of which will then have 
approximately the same range as the serum T4 
or T3. 

As pointed out previously, radioactively la
belled T3 is conventionally used to assess 
plasma protein binding of both T4 and T3. 
Under most circumstances no serious error is 
introduced, since T3 and T4 are predominantly 
bound by TBG. Only about 15% of T4 is 
associated with this protein and only an ex
ceedingly low percentage of T3 is bound to 
TBPA. Major problems, however, will be en
countered in the aforementioned patients who 
have abnormal proteins that preferentially 
bind T4. This problem may occur in patients 
with Hashimoto's disease who show specific 
antibodies to T4 and in those patients with 
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familial disorders characterized by abnormal 
selective T4-binding albumins or prealbumins. 
If the level of such proteins is sufficiently high, 
the total T4 but not the total T3 concentration 
will increase. In such a patient, the free T4 
concentrations calculated from the product of 
an elevated total T4 and a diminished DF of 
labelled T4 will be normal and will correspond 
to the euthyroidal state. In contrast, if a resin 
uptake test is performed with radioactively 
labelled T3, the uptake ratio will be normal. 
Thus, the product of an elevated T4 concentra
tion and a normal T3 uptake ratio will result 
in a falsely high, free T4 index. For this reason 
it is clearly preferable to assess the free T4 
index with a radioactively labelled T4, and the 
free T3 index with a radioactively labelled T3. 
Although commercial kits for assessing the 
binding of radioactively labelled T4 by plasma 
proteins are not currently available, a report 
of the Nomenclature Committee of the Amer
ican Thyroid Association has pointed out the 
problem of using radioactive T3 to determine 
both the free T3 and the free T4 index.27 

An additional recommendation of this Com
mittee was that the term "T3 uptake" be aban
doned because it is so commonly confused 
with an assessment of total radioimmunoassay-
able T3. The committee recommended that the 
term "thyroid hormone binding ratio" 
(THBR) be substituted. Until the T4 resin 
uptake tests become generally available it will 
be necessary to substitute THBR values deter
mined on the basis of radioactively labelled 
T3. However, the clinician should be alerted 
to the possibility of abnormal specific T4 bind
ing proteins by the euthyroid status of these 
patients and by the detection of normal serum 
TSH assays. The existence of a dysalbumi-
nemic syndrome can be further supported by 
a normal level of free T4 as determined by 
equilibrium dialysis. 

Although measurements of free hormone by 
equilibrium dialysis remain the generally ac
cepted "gold standard," a variety of methods 
designed to measure free hormone concen
tration directly have recently been intro
duced.2829 It appears doubtful that these meth
ods present a significant practical advantage 
over free T4 indices as determined with the 
appropriate radioactive ligand and calculated 
with the use of the ratio approach previously 
discussed. Technical objections to the use of 
the newer "analogue" methods have been 
voiced.27 Even assays of free hormone concen
trations by equilibrium dialysis should be re

garded largely as approximations of the true 
concentration of free hormone in vivo. Such 
factors as dilution of the serum, composition 
of the diluting equilibriating buffer, and differ
ence between incubation temperature and 
body temperature all contribute to potential 
variations between the absolute free hormone 
concentrations determined in vitro and the free 
hormone concentrations that exist in the cir
culation. The best that one can hope for is to 
obtain an approximation of the relative 
changes in binding that occur under a variety 
of physiologic and pathophysiologic settings. 

Most of the currently available methods suc
ceed in separating the effects of increased or 
decreased TBG. However, when the sera of 
individual patients with nonthyroidal illness 
are compared using multiple methods consid
erable variation is encountered.30-32 From a 
practical standpoint, therefore, judgments 
made regarding the thyroidal status of patients 
with nonthyroidal disease should not be based 
primarily on free hormone measurements or 
free hormone indices. The problem of thyroid 
function tests in nonthyroidal disease is consid
ered in further detail subsequently. 

Serum TSH Assays 

Measurements of TSH levels have assumed 
progressive importance over the past two dec
ades or more (Fig. 6-4). The introduction of 
the TSH radioimmunoassays by Utiger33 

clearly established the expected increase in 
serum TSH levels in patients with documented 
hypothyroidism. The earlier assays, however, 
did not exhibit the requisite sensitivity to de
fine lower limits, which could effectively sep
arate the results of patients with subnormal 
TSH values from those of normal subjects. 

Conventional TSH radioimmunoassays, 
which are still widely used at this time, exhibit 
an upper limit of approximately 6 μυ/ml, and 
the lower limits of detection are from 1 to 2 
μυ/ml. Approximately 15 to 20% of random 
samples from normal subjects fail to yield 
detectable values. In general, patients with 
primary hypothyroidism display values in ex
cess of 15 μυ/ml. Thus, there is a gray, inde
terminate zone between 6 and 15 μg/ml. Eld
erly individuals, especially females, may often 
show such intermediate TSH values without 
exhibiting any evidence of overt clinical hy
pothyroidism or manifesting depressed values 
of free T4 or free T3. If such patients do not 
have goiter and do not exhibit elevated levels 
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Diagnostic Value of Serum TSH Concentration 
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Figure 6-4. Thyroid-stimulating hormone (TSH) concentration in various conditions of health and disease (ULN 
= upper limit of normal; T.H. = thyroid hormone). 

of antimicrosomal and antithyroglobulin anti
bodies, they can be followed clinically with 
impunity.34 However, if such patients do ex
hibit some manifestations of underlying thy
roid disease, such as a goiter or elevated anti
microsomal and antithyroglobulin antibodies, 
they may well have incipient hypothyroidism 
and probably deserve treatment with thyroid 
hormones to forestall the effects of eventual 
thyroid decompensation. 

As mentioned, limitations in the sensitivity 
of the conventional assays have not allowed 
use of these tests to detect patients with sup
pressed TSH concentrations. However, recent 
technical advances,35'36 including the applica
tion of monoclonal antibodies and "sandwich" 
assays, have considerably increased the sensi
tivity of the TSH assay. It is now possible 
reliably to detect TSH concentrations below 
the normal range. 

In general, for the newer assays the normal 
range of TSH lies between 0.4 and 6 μυ/ml 
and values below 0.2 μυ/ml are invariably 

encountered in patients with the common 
causes of hyperthyroidism and with presum
ably suppressed TSH values in serum. The 
"sensitive" or "supersensitive" assays are rap
idly replacing the conventional techniques and 
should be helpful in supporting the diagnosis 
of hyperthyroidism. Although one might sup
pose that patients with central hypothyroidism 
due to pituitary or hypothalamic disease should 
exhibit low levels of TSH, this is not necessar
ily the case. The basal TSH concentrations in 
such patients can be subnormal, normal, or 
slightly elevated.37 The reasons for such anom
alous behavior are unclear but may well be 
related to an altered biologie/immunologie po
tency ratio of TSH in some of these pa
tients.37 38 

In essence, the diagnosis of primary hypo
thyroidism rests on a demonstration of an 
elevated TSH (> 15 μυ/ml). A reduction in 
the serum T4 supports such a diagnosis and 
provides a quantitative index of the severity of 
the hypothyroidism. As previously pointed 
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out, measurement of the concentration of 
serum T3, however, is rarely justified in the 
diagnosis of hypothyroidism. The level of 
serum T3 is maintained long after the serum 
T4 has decreased as a result of the combined 
effects of increased TSH levels, which stimu
late direct thyroidal seceretion of T3, and aug
mented conversion of T4 from T3, which ac
companies the hypothyroid state. Further, 
measurements of serum T3 in hypothyroidism 
are likely to lead to confusion in patients with 
the "low serum T3 syndrome" who are gener
ally considered to be euthyroid, who most 
often exhibit normal TSH levels, and who are 
not suitable candidates for treatment with thy
roid hormones. 

The diagnosis of central hypothyroidism 
(due to pituitary or hypothalamic failure) must 
rest on an assessment of a low free T4 concen
tration or index in association with clinical 
symptoms of hypothyroidism and laboratory 
findings consistent with hypothyroidism at the 
tissue level, such as an elevated serum choles
terol or serum creatine phosphokinase level. 
The basal metabolic rate may also be helpful, 
but is now rarely performed and not readily 
available on a routine basis. These tests also 
obviously lack specificity. Central hypothyroid
ism is frequently accompanied by other evi
dence of pituitary trophic hormone failure as 
well as radiologie or neurologic indications of 
central nervous system (CNS) disease. Pre
vious reports had suggested that hypothalamic 
hypothyroidism is characterized by a pro
longed elevation of the serum TSH concentra
tion after TRH administration. Further stud
ies, however, have minimized the importance 
of such patterns.39 

The increased sensitivity of the TSH assay 
has led to the proposal that this test also be 
applied to the diagnosis of hyperthyroidism. 
Although experience is still limited, it appears 
unlikely that a depressed TSH by itself will be 
sufficient to establish a diagnosis of hypothy
roidism. Some observers have reported de
pressed TSH concentrations in patients with 
nonthyroidal illness40; however, most patients 
with nonthyroidal illness have normal TSH 
values. Patients receiving levothyroxine re
placement treatment may exhibit depressed 
TSH concentrations without manifesting clini
cal evidence of hyperthyroidism or elevated T3 
levels.7 Lastly, patients with apparently non-
toxic goiters without serum iodothyronine el
evations may show depressed TSH values. In 
such patients, a minimal increase of T4 secre

tion may result in a slight rise in the concen
tration of serum T4 and T3, sufficient to shut 
off TSH secretion in the patient but insufficient 
to increase the serum iodothyronine concen
trations over the normal population range. 
Such patients probably do not require treat
ment for hyperthyroidism. 

The principal value of the TSH assay in the 
diagnosis of hyperthyroidism is to rule out 
peripheral thyroid hormone resistance (Refe-
toffs syndrome) or some unsuspected disorder 
of T4 binding as discussed. Under almost all 
clinical situations, the level of TSH is sup
pressed in patients with hyperthyroidism. The 
only exceptions are patients with selective pi
tuitary resistance to thyroid hormone or with 
TSH-producing pituitary tumors, both exces
sively rare entities. Therefore, any physician 
who suspects hyperthyroidism and encounters 
detectable levels of TSH above 0.2 μg/ml in a 
patient should reconsider the diagnosis. 

Frequently, the presence of high normal or 
supranormal levels of TSH in the face of high 
free T4 and T3 values connotes generalized 
cellular resistance to thyroid hormone. The 
molecular basis of such resistance remains un
clear. Although defective T3 receptors have 
been postulated, defect in intracellular trans
port or a "postreceptor" defect may be equally 
responsible. Thyroid hormone resistance at the 
peripheral level is only partial. With increased 
concentrations of thyroid hormone the biologic 
effects of such resistance can be overcome. In 
the steady state, such patients will exhibit 
elevated levels of T4 and T3, with correspond
ing increases in free T4 and free T3 concentra
tions; relatively elevated levels of TSH; and 
goiter. Failure to recognize the syndrome of 
generalized thyroid hormone resistance may 
lead to unnecessary treatment for presumed 
hyperthyroidism either with radioiodine or 
with surgical removal of the goiter. Normal 
levels of TSH in patients with elevated total 
serum T4 and T3 concentrations raise the pos
sibility of increased plasma protein binding and 
point to the necessity of obtaining an appro
priate binding assay. 

In the past, failure of TRH to elicit the 
expected increase in TSH (an increase of at 
least 9 μυ/ml, one half hour after 250 μgm 
TRH) has been used as a criterion for making 
the diagnosis of hyperthyroidism, where other 
procedures have yielded borderline or conflict
ing results. This test, however, is not specific 
for hyperthyroidism. Elderly patients and pa
tients with nonthyroidal disease may also fail 
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to respond.34 41 With the introduction of the 
sensitive TSH assay the TRH test may become 
obsolete.42 A baseline depression in the TSH 
level probably has the same diagnostic signifi
cance as a subnormal TSH response to TRH. 
Measurement of thyroidal uptake of 123I is 
helpful in ruling out silent or DeQuervaine's 
thyroiditis. Hyperthyroidism associated with 
thyroiditis is due to the liberation of thyroid 
hormone as a consequence of the primary 
inflammatory process of the thyroid gland. 
Pituitary TSH is reduced, and the thyroidal 
uptake of radioiodine is severely curtailed. The 
diagnosis of thyroiditis is important since the 
clinical management differs markedly from 
that used in other forms of hyperthyroidism. 
In general, hyperthyroidism due to thyroiditis 
is self-limiting and treatment with antithyroid 
drugs or thyroid ablation is ineffective. 

Thyroid Function Testing in 
Nonthyroidal Disease 
Reference has been made to abnormal thyroid 
function test results in nonthyroid disease. 
These are exceedingly common and often pres
ent perplexing problems in the diagnosis of 
thyroid disease. The most frequently encoun
tered abnormality is a decrease in the concen
tration of serum T3 in a patient with even 
minimal catabolic disease and one who is 
undergoing caloric restriction. Thus, the levels 
of serum T3 may fall after abdominal surgery 
or while on weight-reducing diets. Since the 
concentrations of T4 as well as the metabolic 
clearance rates of T3 and T4 are unchanged 
under such conditions,43 it is clear that a di
minished conversion of T4 to T3 is the basis of 
the lowered T3 concentration. 

With advanced neoplastic disease the con
centration of T3 can be depressed to levels as 
low as 20 to 30 ng/dl. Curiously, such profound 
depressions are not associated with either in
creased levels of TSH or clinical features of 
hypothyroidism. Two studies have failed to 
demonstrate any benefit of thyroid hormone 
treatment of patients with the "low T3 syn
drome."44 45 The reason why clinical hypothy
roidism does not supervene has not been ade
quately explained. Some investigators have 
proposed that concomitant metabolic altera
tions brought about by the primary disease 
process may somehow compensate at the cel
lular level for the reduction in plasma T3 and 
thus prevent many of the characteristic mani
festations of thyroid hormone deficiency.46 At 
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the pituitary level, these could account for the 
failure of the TSH rise. 

Experimental studies in the rat may shed 
some light on this paradox. Thus, in starved 
animals47 or in animals that bear rapidly grow
ing transplantable tumors48 the level of serum 
T3 also falls, largely because of diminished 
thyroidal secretion rather than reduction in T4 
to T3 conversion.49 In addition, there is a 
modest reduction in the nuclear T3 receptor 
level.50 Two hepatic enzymes, both of which 
are characteristically responsive to thyroid hor
mone under normal conditions, are differen
tially affected in these two animal models. The 
level of cytosolic malic enzyme falls to exceed
ingly low levels, whereas the level of mito-
chondrial alpha-glycerophosphate dehydro-
genase is preserved. Presumably, for alpha-
glycerophosphate dehydrogenase the hor
monal and metabolic alterations generated by 
the catabolic stimuli offset the reduction in the 
hepatic T3-nuclear receptor complex, which 
would be expected from a discrete fall in T3. 
In contrast, the precipitous fall in malic en
zyme appears to reflect a synergism among the 
fall in serum T3 and receptor and other meta
bolic changes, including the development of 
stress-related insulin resistance. Malic enzyme 
is one of the lipogenic enzymes involved in the 
synthesis of fatty acids, and the decrease in 
this enzyme can be considered to be of adap
tive value; the continued synthesis of fatty 
acids in sick animals would be wasteful of the 
limited energy reserves available to these ani
mals. 

Although the most common abnormality in 
thyroid function testing among patients with 
nonthyroidal illness is a reduction in the level 
of serum T3, more severe illness can also result 
in a fall in the level of serum T4. This decrease 
appears to be due in large part to a reduction 
in plasma protein binding of T4 by a circulating 
inhibitor.51 52 The nature of this inhibitor re
mains unclear. Claims that the inhibitor is a 
fatty acid52 have been contested.53 Since the 
putative inhibitor may also prevent the binding 
of iodothyronines by the cells, the physiologic 
impact may be more complex than would be 
anticipated from a simple inhibition of plasma 
protein binding. 

Measurement of plasma protein binding in 
nonthyroidal disease, using conventional tech
niques, presents some unanticipated problems. 
Thus, the circulating inhibitor apparently in
terferes not only with the binding of T4 by 
plasma proteins but also inhibits the uptake of 
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labelled T4 by cultured cells and inert resins.51 

As a consequence, if a resin is used to assess 
plasma protein binding in nonthyroidal dis
ease, the results will show considerably less 
diminution in binding than would be evident 
by equilibrium dialysis. The dialyzable fraction 
of T4 in a patient so affected is invariably 
increased. The level of the absolute free thy-
roxine determined from the product of the 
dialyzable fraction and the total T4 by equilib
rium is generally normal or slightly elevated.15 

Because of complex alterations in nonthy
roidal illness it is probably wise from a clinical 
point of view to rely on TSH measurement as 
the most reliable index of thyroidal status. In 
general, TSH concentration in such a patient 
remains in the normal range. Occasionally, 
however, slight elevations into the gray zone, 
between 5 and 15 μg, are observed.24 Such 
findings may represent a minor decrease in 
thyroidal secretion of thyroxine. As previously 
emphasized, it appears unlikely that the 
administration of thyroid hormone is clinically 
helpful. 

Serum Thyroglobulin 
Serum thyroglobulin, which may now be de
tected by radioimmunoassay2,54,55 and which 
has a normal range of 0 to 50 pmol/L (0 to 30 
ng/ml), may show increased levels in hyperthy-
roidism, in thyroiditis, in nontoxic goiter, and 
in thyroid carcinoma.56 57 While such eleva
tions of serum thyroglobulin levels are of no 
diagnostic value with the thyroid gland intact, 
following removal of the gland for thyroid 
carcinoma, the test may be very useful in 
monitoring the presence and activity of meta-
static thyroid carcinoma.57 In recent studies by 
Pacini and associates58,59 of 56 patients' scans 
with negative findings, 42 had undetectable or 
very low serum thyroglobulin levels and were 
considered to be free of metastatic thyroid 
carcinoma, whereas 14 showed the presence of 
nonfunctioning métastases in the clinical and/ 
or radiologie examination. In this last group, 
11 had elevated serum thyroglobulin levels, 
while the other three patients had detectable 
concentrations within the normal range. All 45 
patients with positive scan findings in this 
study, i.e., functioning métastases, had ele
vated serum thyroglobulin concentrations. 
These results indicate that serum thyroglobulin 
measurements correlate very well with scan 
findings and have the advantage of detecting 

nonfunctioning métastases, which would not 
have been detected by scanning. 

Another use of this procedure is the detec
tion of persons who are surreptitiously taking 
thyroid hormone. Since the level of serum 
thyroglobulin is related to thyroidal secretion, 
the concentration of thyroglobulin in a patient 
so affected is low.60 Lastly, in prolonged sub-
acute or silent thyroiditis, the level of serum 
thyroglobulin may be the last to revert to 
normal.61 

Thyroid Antibodies 
Antibodies to a variety of antigens within the 
thyroid are readily demonstrable by routine 
procedures.57 The most useful of these are 
techniques to detect antibodies against thyro
globulin and microsomal thyroid antigen, 
which have recently been identified as thyroid 
peroxidase. Antibodies have also been identi
fied against a colloid component other than 
thyroglobulin, against the thyroid hormones 
themselves and against thyroid growth pro
moting or inhibiting antibodies as well as an
tibodies to the TSH receptors, which are pre
sumed to represent the proximal thyroidal 
stimulus in Graves' disease.62 (These will be 
discussed in the sections devoted to thyroiditis 
and hyperthyroidism.) 

Ili VIVO TESTING 

Radioactive Iodine and Technetium 
Uptake by the Thyroid 
Radioactive iodine uptake, a useful and com
mon procedure, has many variations, the most 
common of which is the 24-hour radioactive 
iodine uptake.12,13,63 A tracer dose of radio
active iodine is administered orally, and 24 
hours later the proportion of radioactive iodine 
accumulated by the thyroid gland is readily 
measured by a scintillation counter. Two nu-
clides of iodine are available for this purpose, 
131I and 123I. The latter is currently preferred 
for routine uptake and imaging since the ra
diation burden is considerably less than with 
131I. However, uptakes at shorter periods—10 
minutes, 3 hours, 6 hours—may provide addi
tional information, and technetium can be 
preferentially employed for such early uptake 
studies. In fact, in many medical centers, only 
early uptake studies are performed, but these 
have the disadvantage of measuring only the 
initial concentration of free halogen by the 
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thyroid gland, rather than the subsequent or-
ganification of the iodine. Thus, where only 
early uptake studies are performed, it is pos
sible to overlook the disorders of organifica-
tion. 

The normal range for the 24-hour uptake 
varies with location, depending largely on the 
average iodine intake in the diet. Such intakes 
of iodine have slowly increased in North Amer
ica, largely because of the varied sources of 
food, the iodination of bread, and sometimes 
even the iodination instead of chlorination of 
water.64 In North America, the 24-hour 131I 
uptake normally varies between 10 and 35%. 
As with all other tests, the results may be 
misleading. Uptakes may be elevated in con
ditions other than hyperthyroidism, such as 
iodine deficiency; rebound phases after sub-
acute thyroiditis, after thyroid, or antithyroid 
drug administration; or in certain enzymatic 
defects of the thyroid gland. Nevertheless, it 
is important to carry out this procedure in 
patients with hyperthyroidism so as to detect 
those who are suffering from silent thyroiditis 
and the typical manifestation of hyperthyroid
ism. The radioactive iodine uptake will be 
markedly suppressed in such patients. The 
uptake also may be suppressed with iodine 
contamination, antithyroid drugs, thyroid 
administration, and subacute thyroiditis.63 65 

Further tests employing 131I that measure 
secretion rates or incorporation of 131I into the 
protein-bound iodine (PB131I) suffer from 
many of the same drawbacks.63 Radiothyroxine 
turnover rates, while of interest in studying 
abnormalities of thyroid function, are not use
ful as diagnostic procedures.12'13 63 

Thyroid imaging is carried out to determine 
the anatomic features of the thyroid, to define 
areas of diminished or increased thyroid func
tion, and to identify metastatic or ectopie thy
roid tissue. Thyroid scanning or imaging em
ploys either an isotope of iodine, which is 
concentrated and bound by the thyroid, or 
technetium, which is concentrated but not 
bound by the thyroid.66 67 Technetium is used 
because the isotope is so short-lived that the 
radiation dose to the thyroid and whole body 
is reduced in comparison with 131I. 

Thyroid scans should be performed in young 
persons only when really necessary, since the 
scans involve a significant amount of radiation. 
In an older person, the test can be employed 
as required. Scans are most useful in deter
mining gland size in Graves' disease and in 
determining the presence of "cold" (nonfunc-
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tioning) or "hot" (autonomous or hyperfunc-
tioning) thyroid nodules.6869 Scans are also of 
great importance in discovering métastases 
from well-differentiated thyroid carcinoma; 
whole body scans are useful in this respect.70 

Various other isotopes, such as cesium 137, 
gallium,67' 75 selenomethionine, and others, 
have been used in an attempt to illuminate 
thyroid carcinomatous tissue with limited suc
cess.71-73 

Another form of thyroid imaging, which is 
now quite popular, is that of ultrasonography, 
which will determine whether a thyroid nodule 
is solid or cystic.74,75 Ultrasonography has also 
been successfully used to estimate thyroid size 
and sometimes used in conjunction with ther-
mography.76 These aspects are discussed fur
ther in relation to the evaluation of a solitary 
thyroid nodule. In this respect, computerized 
axial tomographic scanning also has some lim
ited usefulness in determining the extent of 
substernal goiter formation and malignant 
masses.77 Still another means of scanning is the 
fluorescent scan, in which no isotopes are 
used.63 The test determines the quantity and 
distribution of iodine within the gland. Be
cause the equipment is highly specialized, the 
procedure has not found wide application. 

Other Procedures 
The basal metabolic rate (BMR) was histori
cally the first useful test of thyroid function. 
Used widely until the mid-1950s, it suffered as 
a precise technique for a variety of reasons.78 

Unfortunately, the BMR was often not 
"basal," and even when accurately performed, 
it was often elevated in nonthyroidal condi
tions, such as leukemia, lymphoma, emphy
sema, congestive heart failure, and perforated 
eardrums. Similarly, the BMR was depressed 
in a variety of diseases that did not affect 
thyroid function, such as starvation, thiamine 
deficiency, nephrotic syndrome, Addison's dis
ease, and periodic catatonia. It is evident that 
the BMR is only an indirect measure of thyroid 
activity, since other factors affect the con
sumption of oxygen. Nevertheless, it is one of 
the few clinical tests that measures a tissue 
effect of thyroid hormone. For this reason, it 
is still useful in circumscribed purposes, al
though it is no longer available in most hospi
tals. 

Another procedure that measures an effect 
of thyroid hormone on tissues is that of kine-
mometry, a procedure which measures the 
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Achilles tendon reflex on electrocardiographic 
paper.79 80 This return phase of this reflex is 
characteristically slowed in hypothyroidism 
and is more rapid in hyperthyroidism. The test 
is simple, but there is considerable overlap 
between the responses in normal persons and 
those in patients with hypothyroidism or hy
perthyroidism. Thus in problem cases, the test 
is not definitive. It is, of course, useful in the 
follow-up of an individual patient. It should 
perhaps be noted that the relaxation time is 
altered in other conditions, including hypo
thermia, local edema, various neurologic dis
orders, diabetes, and propranolol therapy. The 
normal range is 240 to 320 milliseconds. 

Two readily accessible tests that can be used 
to monitor tissue response in the treatment of 
hyperthyroidism and hypothyroidism are 
serum cholesterol and serum creatine phospho-
kinase.81 In hypothyroid patients under treat
ment with thyroactive preparations there is a 
progressive fall in both values. Conversely, 
treatment of patients with hyperthyroidism 
produces a rise in both parameters. As with 
the BMR, these tests of thyroid function suffer 
from lack of specificity. 
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PART IV 
THYROID 
DISORDERS 

7 
Hontoxic 
Qoiter—Diffuse 
and Nodular 

GERARD Π. BURROW 

In North America, a working definition of a 
goiter is that of a thyroid gland that is twice 
larger than normal or about 40 gm in weight. 
Probably more than 200 million individuals in 
the world have goiter, most on an endemic 
basis. Many of these goitrous thyroid glands 
contain one or more nodules.21 Endemic goiter 
has been eliminated as a medical problem in 
developed countries through the introduction 
of iodine. However, in developing nations, 
endemic goiter continues to be a major prob
lem, frequently made worse by geologic posi
tions, e.g., the Andes, predisposing to iodine 
deficiency. 

The classification of goiter to be used here 
is that of the American Thyroid Association 
and is based on whether the nontoxic goiter is 
diffuse or nodular (Table 7-1). Further sub
divisions are based on whether the goiter is 
endemic, sporadic, or compensatory. If the 
goiter is nodular, it may be uninodular or 
multinodular and functional or nonfunctional. 

Paracelsus, the Swiss-German physician 
(1493-1541), described endemic cretinism in 
the region around Salzburg33 and pointed out 
that it occurred in association with endemic 
goiter. Goiter was widely present in this alpine 
region (Fig. 7-1). Iodine was discovered in 
1817, and in 1820 Jean Francois Coindet re
ported to the Swiss Scientific Society that he 
had administered iodine to 150 goitrous pa
tients without ill effects. Almost 100 years 
elapsed before Marine, in 1917, popularized 
the use of iodized salt in North America for 
prevention of endemic goiter.25 

GOITER FORMATION 
The classic explanation for goiter formation is 
that periods of iodide deficiency and subse-

Table 7 -1 . Classification of Nontoxic Goiter* 

I. nontoxic diffuse goiter 
A. Endemic 

1. Iodine deficiency 
2. Iodine excess 
3. Dietary goitrogens 

B. Sporadic 
1. Congenital defect in thyroid hormone biosyn

thesis 
2. Chemical agents, e.g., lithium, thiocyanate, 

p-aminosalicylic acid 
3. Iodine deficiency 

C. Compensatory following subtotal thyroidectomy 
II. Nontoxic nodular goiter due to causes listed above 

A. Uninodular or multinodular 
B. Functional, nonfunctional, or both 

♦Modified from Werner SC: J. Clin. Endocrinol. 29:860, 
1969. 
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Figure 7 - 1 . Goitrous girl. (Reproduced from Merke, F.: 
Geschichte von Kropf und Kretinismus. Bern Hans 
Huber Verlag, 1971, with permission.) 

quent repletion result in cyclic hyperplasia and 
involution of thyroid follicular cells.25 Iodide 
deficiency or whatever the specific cause hap
pens to be is thought to result in inadequate 
thyroid hormone production with a compen
satory release of thyroid-stimulating hormone 
(TSH), leading eventually to goiter formation. 
Iodide deficiency would be an extremely rare 
cause of goiter formation in North America. 
This explanation is predicated on the assump
tion that TSH is ultimately responsible for all 
thyroid gland growth, which may not be cor
rect. 

Acute reduction in TSH stimulation appears 
to be responsible for conversion of a hyper-
plastic goiter into a colloid goiter.38 Any situ
ation that would result in periodic elevation 
and cessation of TSH secretion might eventu
ally result in the production of a nodular 
goiter. Nodularity might also be caused by the 
shunting of blood to a particular area of the 
thyroid with a consequent increase in growth. 
In chronic goiter, the blood supply to the 
thyroid may be markedly increased. 

There has been recent interest in the possi-

THYROID DISORDERS 

bility that growth factors besides TSH play a 
role in goiter formation.610-41 Immunoglobulin 
fractions have been obtained from patients 
with nontoxic goiters as well as with Graves' 
disease that stimulate thyroid growth as meas
ured by DNA.10 Goiter size correlates with 
these thyroid-growth immunoglobulins rather 
than with thyroid hormone concentration. Ep
idermal growth factor has also been found to 
stimulate thyroid cell growth and again indi
cates that factors other than TSH are capable 
of stimulating thyroid growth.123244 

Evidence that goiter is due to increased TSH 
stimulation has been derived from studies of 
patients with endemic goiter. Mean serum 
TSH concentrations were found to be in
creased (16 μυ/ml) in 285 patients from en
demic goiter regions of New Guinea.8 How
ever, there was no difference in serum TSH 
concentrations between goitrous and nongoi-
trous patients. Serum TSH concentrations 
from goitrous patients who lived in iodine-
deficient areas of Brazil were higher than those 
from goitrous patients who lived in iodine-
replete areas.28 Studies from another endemic 
goiter area, Greece, suggested that the iodine-
deficient thyroid gland was more sensitive to 
TSH stimulation.23 40 

Because of diverse etiologies, ranging from 
thyroiditis to goitrogen ingestion, studies of 
sporadic goiter are even more difficult to in
terpret. In some instances, there have been 
slight increases in the serum TSH concentra
tions, often with increased TSH responses to 
thyrotropin-releasing hormone (TRH).9 The 
TSH response to TRH was more often im
paired in patients with nodular goiters as com
pared with diffuse goiters. Whether these find
ings are indicative of a degree of autonomy in 
the nodular gland is not clear. Interpretation 
of various studies may also be complicated by 
the fact that serum TSH concentrations are 
higher in early goiters.45 TSH concentrations 
also tend to be higher during the early decades 
with a progressive decrease of TSH secretion 
and reserve.3 Actual thyroid growth is more 
rapid early in life and then regresses (Fig. 7 -
2), although thyroid nodularity may increase 
with age (Fig. 7-3). Therefore, failure to find 
elevated serum TSH concentrations in goitrous 
individuals may be a function of time. Of 
course, identification of factors other than TSH 
capable of stimulating thyroid gland growth 
offers another possible explanation.6 '1041 
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Figure 7-2. Goiter formation as a function of age. 
Curves depict the weight of the thyroid as a function of 
age for both nonendemic goiter areas (A) and endemic 
goiter areas (B). Circles represent the relative size of 
thyroid nodules throughout life in both groups. (Re
drawn from Burrow, G. M.: The thyroid: Modules and 
neoplasia. In Felig, P., et al., eds.: Endocrinology and 
Metabolism. Mew York, McGraw-Hill Book Co., 1981, 
with permission.) 

ENDEMIC GOITER 

Goiter becomes endemic in a population when 
the incidence increases above 10%. Iodine 
deficiency is the major cause on a worldwide 
basis, but other goitrogens have been de
scribed which affect entire populations. The 
development of an endemic goiter presumably 
follows the general pattern of goiter formation 
previously described. Growth factors other 
than TSH would explain why goiter is present 
in only certain people in some endemic areas. 
In areas of severe iodine deficiency, virtually 
everyone is goitrous, regardless of sex or age. 
Increases in thyroid size can be found even in 

10 20 30 40 50 60 70 80 90 100 
Age (years) 

figure 7-3. Prevalence of thyroid nodules with age. 
(Redrawn from Maxon, H. R., et al.: Ionizing irradiation 
and the induction of clinically significant disease in the 
human thyroid gland. Am. J. Med. 63:967, 1977, with 
permission. ) 

areas of mild iodine deficiency.163 The thyroid 
may enlarge moderately during childhood, and 
the incidence is usually highest by puberty. In 
fact, goiter of puberty is a sensitive indicator 
of the lack of iodine in a region. After puberty, 
the goiter tends to persist in the female but 
decreases in size in the male. In New Guinea, 
thyroid enlargement correlated with breast en
largement but not with pregnancy, lactation, 
or parity.8 

In areas of severe iodine deficiency, the 
human thyroid gland cannot completely com
pensate for a low plasma inorganic iodide by 
a proportional increase in the iodide clearance 
rate.11 Total iodine stores may actually be 
normal in the patient with endemic goiter who 
is euthyroid, but the iodine concentrations in 
the hormonally active pool are low.36 Iodine 
deficiency increases the monoiodotyrosine-
diiodotyrosine ratio, and fewer iodothyronines 
are synthesized. There is also an increased T3 
to T4 ratio that allows the optimal use of iodine 
atoms to produce the more potent T3 molecule. 

Cretinism 
In areas of severe iodine deficiency, cretinism 
may occur. Cretinism has been defined as 
permanent neurologic and skeletal retardation 
resulting from an inadequate supply of thyroid 
hormone during gestation.1836 Endemic cretins 
may present with hypothyroidism and a variety 
of neurologic defects, including mental retar
dation, deafness, dwarfism, mutism, and spas
tic diplegia. The hypothyroidism can be diag
nosed clinically by the retarded linear growth 
and maturation of body proportions, myxede-
matous skin, and marked delay in sexual de
velopment. 

Two forms of endemic goitrous cretinism 
have been described. The "myxedematous 
type" is characterized by hypothyroidism, 
dwarfism, and epiphyseal dysgenesis. In con
trast, the "nervous type" is characterized by 
mental retardation and deaf-mutism (Fig. 7 -
4). The clinical picture of endemic cretinism 
represents a spectrum of clinical and metabolic 
signs, which reflect varying impairment of the 
nervous system and thyroid function (Table 7 -
2). Iodine prophylaxis will prevent the devel
opment of both types of cretinism. The intra
uterine period is crucial for the development 
of cretinism, and pregnant women in endemic 
goiter areas should receive special medical 
attention.39 
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Table 7-2. Types of Cretinism 

Myxedematous Neurologic 
Severe mental retardation 
Severe growth retardation 
Minimal neurologic 

findings 
Delayed tendon 

reflexes 
Skeletal immaturity 

Severe mental retardation 
Mild growth retardation 
Severe neurologic findings 

Spastic diplegia 
Neuromotor 

incoordination 
Deaf-mutism (common) 

Iodine Prophylaxis 
When iodine is added to the diet in an endemic 
area, cretinism disappears. Most individuals 
require more than 50 μβπι of iodine daily to 
replace that excreted in the urine (Table 7 -
3).18 Individuals on iodine deficient diets most 
often live in villages in areas where the soil is 
poor in iodine, and they eat predominantly 
local food. In areas subjected to intense gla
ciation or flooding during the last ice age, the 
iodide has been leached from the soil. Severe 
iodine deficiency is less likely in the popula
tions of large cities and in upper socioeconomic 

classes because the diet is more varied and is 
obtained from a wider area. 

Studies have indicated that iodine is a highly 
effective agent for the prevention of goiter. 
However, the total impact on the worldwide 
problem of endemic goiter has been relatively 
small so far. Part of the difficulty lies in the 
distribution of iodine in remote, isolated areas. 
Iodization of salt has been the most satisfactory 
method developed to supply an entire popu
lation, particularly in developed countries with 
adequate systems of distribution. In remote 
areas, iodized oil has been successfully used as 
an injectable form of goiter prophylaxis that 
lasts for 3 or more years. 

Iodine is much more effective in preventing 
the development of goiter than in suppressing 
a chronically enlarged thyroid. Enlarged 
glands may have formed cysts or nodules and 
are much less likely to involute than glands 
with early diffuse hyperplasia. Thyroid hor
mone therapy will ensure an adequate concen
tration but will not reverse established cretin
ism, and, in fact, the behavior pattern may 

Table 7-3. Urine Iodide Content Goiter, and Development* 

Endemic 

Mild 
Moderate 

Severe 

Urine Iodide ^gm/gm 
Creatinine) 

> 5 0 
25-50 

< 2 5 

Palpable Goiter 
(%) 

10-20 
20-50 

40-90 

Clinical Spectrum 
Normal 
Occasional deafness and 

retardation; serum TSH Î 
in 10-20%. 

Cretinism 1-10%; serum 
TSH Î in 30-50%. 

♦Modified from Ibbertson, H. K.: Clin. Endocrinol. Metab. 8:97, 1979. 
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deteriorate with increased activity. If the goiter 
is extremely large, surgery may be indicated 
(Fig. 7-5). The major indication for surgery is 
pressure symptoms. Goiters encircling the tra
chea or under the sternum are most likely to 
produce pressure symptoms. 

In areas of endemic goiter, thyrotoxicosis 
appears to be more common after the intro
duction of iodine therapy (Iod-Basedow phe
nomenon). Plummer's disease, or toxic nodu
lar goiter, is more common than Graves' 
disease and may provide the explanation of 
the Iod-Basedow phenomenon. Hyperfunc-
tioning nodules are avid for iodine and may 
respond with a marked increase in thyroid 
hormone production. Alternatively, iodine 
could have a toxic effect on the thyroid, re
sulting in the release of thyroid hormone.4 

After the introduction of iodine prophylaxis, 
the incidence of both nodular goiter and cer
tain thyroid adenocarcinomas and sarcomas 
decreased. However, an increase in the inci
dence of papillary carcinoma of the thyroid 
was noted, but comparison of the geographic 
distribution of goiter prevalence with geo
graphic distribution of mortality from thyroid 
cancer revealed no convincing evidence for the 
existence of an association between the thyroid 
cancer and goiter.31 

CAUSES OTHER THAN IODINE 
DEFICIENCY 

play a role in both endemic and sporadic goiter 
formation. 

Protein-Calorie Malnutrition 
In addition to iodine deficiency, protein-calorie 
malnutrition is often present in the same en
demic area and may contribute to abnormali
ties in thyroid function. Malnutrition causes 
various alterations in the thyroid gland struc
ture and function, including defective hormone 
iodination that would further deplete iodine 
stores.15 Adequate protein-calorie intake cor
rects these abnormalities. In a study done in 
Africa, protein-calorie malnutrition resulted in 
defective formation of the mannosyl-retinol-
phosphate complex that is necessary for nor
mal glycosylation of thyroglobulin.19 

Genetic Influences in Goiter Eormation 
The suggestion has been made that individuals 
in endemic areas who develop goiter are ge
netically distinct from their neighbors who do 
not. Only certain individuals were goitrous in 
an endemic region of Greece despite a uni
formly high thyroid uptake.24 The goiters 
tended to be grouped within families. Goiter 
prevalence was compared in monozygotic and 
dizygotic twins of the same sex to estimate 
genetic factors in goiter formation. The data 
suggested that a genetically determined pro
pensity for goiter formation exists. 

In addition to iodine deficiency, a number of 
other variables including malnutrition, genetic 
factors, and environmental goitrogens may 

Specific Inherited Genetic Defects. The clear
est example of genetic influences on thyroid 
function are to be found in the small group of 

Figure 7 - 5 . Two brothers with 
goitrous cretinism, secondary to 
a defect in thyroglobulin. (Repro
duced from Burrow, Q. N.: The 
thyroid: Nodules and neoplasia. 
In Felig, P., et al., eds.: Endocri
nology and Metabolism. Mew 
York, McGraw-Hill Book Co., 
1981, with permission.) 
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individuals who have autosomal recessive in
heritance of specific defects in thyroid hor
mone synthesis. These defects occur because 
of genetic defects in enzymes or other proteins 
that correspond to the various steps of thyroid 
hormone biosynthesis. Recombinant DNA 
techniques will permit a more intensive ex
amination of these genetic defects.42 (The bio
chemical defects are described in detail in 
Chapter 2.) Whatever the specific defect, ge
netic influences lead to inadequate thyroid 
hormone production and goiter formation. 
Whether similar but less well-defined genetic 
influences play a role in sporadic goiter re
mains to be determined. 

Goitrogens 

A goitrogen can be defined as any substance 
that causes the thyroid gland to enlarge, usu
ally by interfering with thyroid hormone bio
synthesis. Many of the dietary goitrogens have 
not been specifically identified, but a number 
of specific chemical compounds are known that 
inhibit specific steps of thyroid hormone bio
synthesis (Table 7-4). A significant difference 
in the prevalence of goiter occurred among 
individuals who live in different parts of an 
isolated island on Kivu Lake in Zaire.39 Studies 
revealed that the differences in goiter preva-

Table 7-4. Chemical Goitrogens* 

I. Effect within the thyroid 
A. Iodine transport 

1. Complex anions: technetium perchlorate, thi-
ocyanate (active principle of Brassica genus 
and cassava) 

B. Iodination of thyroglobulin 
1. Thioamides: propylthiouracil, methimazole, 

carbimazole 
2. Thiocyanate 
3. Aniline derivatives: sulfonamides, p-aminos-

alicylic acid, amphenone, aminoglutethimide, 
phenylbutazone 

C. Iodothyronine formation 
1. Thioamides 
2. Sulfonamides 

D. Secretion of thyroid hormone 
1. Iodide 
2. Lithium 

II. Effect on peripheral disposal of thyroid hormone 
A. Hormone deiodination: propylthiouracil, iopa-

noate, ipodate 
B. Intestinal absorption of hormones: soy flour, 

resins (e.g., cholestyramine) 
C. Hormone inactivation: inducers of hepatic drug-

metabolizing enzymes (e.g., phénobarbital) 

*From Burrow, Q. N.: The thyroid: nodules and neopla
sia. In: Felig, P., et al. (eds.), Endocrinology and Metab
olism. McGraw-Hill, New York, 1981. 

lence were due to different methods of pre
paring cassava. Cassava under a variety of 
names, e.g., manioc and tapioca, is a major 
world source of carbohydrate, particularly in 
developing countries. The root contains com
pounds that release free cyanide on hydrolysis. 
After ingestion of improperly prepared cas
sava, the cyanide is converted to thiocyanate, 
which blocks thyroid function. The iodine con
tent of the diet in Zaire is low, and the 
thiocyanate in the cassava lowers it still fur
ther. Data from Vietnam indicate that admin
istration of adequate iodine will prevent the 
goitrogenic action of cassava.17 

The observation that rabbits fed cabbage 
developed goiters and further studies in which 
rats fed the seeds of Brassica (e.g., cabbage, 
turnips, brussel sprouts, and rutabagas)7 de
veloped goiters, identified thiourea compounds 
as the specific goitrogen. This finding was 
pursued and led to the use of thiourea deriv
atives (i.e., thioamides) as valuable therapeu
tic agents in thyrotoxicosis. Soybean milk has 
also been observed to produce goiter in in
fants. The goitrogenic substance in soybean 
flour has not been identified, but iodine sup
plementation eliminates the problem. 

Various goitrogens, ranging from salts and 
minerals to complex aminoheterocyclic com
pounds, interfere with thyroid hormone syn
thesis. Lithium is a salt of particular interest 
because it is a cation but has an effect similar 
to iodine in blocking the release of thyroid 
hormone from the gland. More complex chem
ical compounds with common structural fea
tures interfere with thyroid function by block
ing iodination and the coupling reaction. None 
of the aniline derivatives which are aminohet
erocyclic are as potent as thioamides but act 
in the same manner. 

The Coho salmon in Lake Erie have recently 
been found to be goitrous again (Fig. 7-6). 
Marine's original observations on iodine defi
ciency were made on Coho salmon in Lake 
Erie. There is plenty of iodine in the water, 
and chemical contamination is thought to be 
the cause. Contamination of the water supply 
has been recognized as goitrogenic in low-
iodine areas.16 McGarrison noted that goiter 
prevalence increased down-stream from the 
water supply in a group of villages in the 
Himalayan foothills. The incidence of goiter 
increased from 12% at the source to 45% at 
the terminus of the river which served as both 
a source for drinking water and an open sewer 
for the villages along the banks. McGarrison26 
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Figure 7-6. Goiter in a Cono salmon. (Courtesy of Dr. 
John Leatherland.) 

was able to produce goiter in himself and his 
colleagues by the ingestion of suspended mat
ter from river water. If the water were boiled 
first, the goiter did not occur. Subsequently, 
the residents in this area were found to be 
markedly iodine deficient with a urinary iodine 
excretion of 4 to 6 μg/L. However, equally 
low iodine values were found in both goitrous 
and nongoitrous individuals. In Colombia, sul
fur-containing compounds found in the water 
supply derived from sedimentary rock have 
been thought to be goitrogenic.16 

SPORADIC GOITER 

Goiters that occur in a nonendemic goiter 
region are called sporadic. The majority of 
these goiters have no known etiology. Popu
lation studies have indicated that about 4 to 
5% of the population in a nonendemic area 
have goiter.43 Whatever the etiology, the 
pathophysiology of sporadic goiter formation 
is presumably similar to endemic goiter. 

Sporadic goiter does not usually occur be
fore puberty. The peak incidence of endemic 
goiter occurs between the ages of 10 and 50 
years, with a decrease after 50. Sporadic goiter 
in contrast has no peak age incidence. The 
suggestion has been made that goiter may 
occur during puberty and subsequently disap
pear without therapy. However, sporadic goi
ters of this type may represent thyroiditis 
rather than a "physiologic goiter." The "goi
ters of puberty" are said to occur more com
monly in females. In fact, thyroid dysfunction 
of all kinds is about five times more common 
in females than in males. An obvious source 
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for the difference would be estrogens, but 
there is little evidence to support the conten
tion. In a systematic comparison of the devel
opment of the pituitary-thyroid axis in male 
and female rats, differences were found. 
Whether they are pertinent to sex differences 
in human thyroid dysfunction is not clear.22 

NONTOXIC GOITER 

Patients with sporadic and endemic goiters, 
which may be either diffuse or nodular, usually 
present clinically as those with nontoxic goi
ters, regardless of the exact etiology and de
pending on the duration and perhaps other 
factors. The incidence of sporadic nontoxic 
goiter has been estimated in both autopsy and 
clinical studies in North America and has been 
found to be about 5%. In a large unselected 
autopsy series of 1000 patients over 20 years 
old, half the thyroid glands contained nodules 
on section that were at least 1 cm and would 
have been palpable if anterior and superficial.30 

Clinical Presentation 
Aside from endemic goiter areas, nontoxic 
goiter is usually found during a routine physical 
examination. Alternatively, the patient or a 
friend may have noticed a lump in the neck. 

figure 7-7. Thyroid-stimulating hormone (TSH) stimu
lation of vascular spaces in the thyroid. Follicles are 
widely spaced and lumens (L) are generally narrowed. 
The space between follicles is the lumen of a cavernous 
capillary system (CS). (Courtesy of Dr. S. H. Wollman.) 
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Table 7-5. Response of Nontoxic Goiter to Therapy with a Usual Dose of 180 μ& of Desiccated Thyroid Hormone 
for Periods Ranging from 1 to >24 Months* 

Type of goiter 

Diffuse 
Modular 
Solitary nodule 

No. of patients 

115 
78 
37 

Complete (%) 

33 
24 
27 

Type of response 

Moderate (%) 

34 
52 
27 

Mone (%) 

23 
24 
46 

*From Astwood, E. B., Cassidy, C. E., Aurbach, Q. D.: J.A.M.A. 174:459, 1960, 

Rarely, the goiter may be symptomatic and 
cause pressure symptoms, such as wheezing, 
coughing, dysphagia, or hoarseness. Presenta
tion in this manner is uncommon, and carci
noma or an unrelated condition should be 
ruled out. When these symptoms occur with 
benign lesions, the goiter is usually low in the 
neck, growing around behind the trachea or 
compressed under the sternum. Radiographs 
of the trachea commonly show deviation with 
goiter and may show some compression. Com
puted tomographic scanning of the thyroid may 
be helpful but delivers more radiation than 
conventional x-rays or thyroid scans. Peak 
inspiratory and expiratory flows should be de
termined to document a decrease in air flow. 
Upper airway obstruction may occur more 
commonly than realized in goitrous patients.20 

The obstruction is potentially dangerous be
cause the development of tracheitis with 
edema could result in severe narrowing of the 
airway. Occasionally, the patient complains of 
the development of a sudden increase in the 
size of the thyroid, accompanied by pain and 
tenderness. This sudden change is often indic
ative of hemorrhage into a cystic area of the 
thyroid but usually subsides within several 
weeks. 

Occasionally, the physician encounters the 
difficult management problem of a patient with 
a nontoxic goiter who also has globus hysteri-
cus and who complains of a "lump in the 
throat." 

Patients sometimes describe variation in goi
ter size, often related to periods of emotional 
stress or to the menstrual cycle, but these 

Table 7 -6 . Response of Nontoxic Goiter to Therapy 
with L-Thyroxine and L-Triiodothyronine* 

Decrease in goiter size (%) 

Thyroid hormone 

T3 
T4 

12 weeks 28 weeks 

55 73 
39 49 

*From Shimaoka, I. K., Sokal, J. E.: Am. J. Med. 57:576, 
1974. 

changes are difficult to document. The irregu
lar shape and position of the gland have made 
the estimation of thyroid size difficult. There 
is a rich blood supply to the thyroid, and 
changes in blood flow might alter the volume 
of the thyroid. The ancient Romans are re
ported to have believed that the thyroid 
swelled with sexual excitement and measured 
the bride's neck as evidence that the marriage 
had been consummated. 

Laboratory Evaluation 
A patient presenting with a goiter needs to be 
classified according to whether the goiter is 
toxic or nontoxic. If the goiter is nontoxic, is 
thyroiditis present? Is the goiter diffuse or 
nodular and, if nodular, solitary or multiple? 
If the gland is nodular, are the nodules auton
omous? (Evaluation of thyroid function has 
been described in Chapter 6.) A patient with 
goiter should undergo at least a serum T4 
determination and measurement of thyroid 
binding protein and thyroid antibodies to de
termine the functional thyroid state and the 
presence of thyroiditis. A radioisotopic thyroid 
scan is helpful in identifying nodularity and 
autonomy. 

Therapy 
I believe that with some exceptions, all goiters 
should be suppressed with thyroid hormone 
therapy. Exceptions include multinodular goi
ters in elderly patients at risk for heart disease 
and self-limited conditions, such as goiter of 
pregnancy. A "caveat" would be the presence 
of autonomous areas of goiter, which would 
not be suppressed and would result in too 
much circulating thyroid hormone. For this 
reason, thyroid function tests should be ob
tained 3 or 4 weeks after initiation of therapy. 
A radioisotopic thyroid scan is not necessary. 
Treatment of a long-standing goiter may not 
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result in a decrease in the size of the thyroid 
because of the presence of fibrosis. Should 
long-term thyroid hormone therapy be rec
ommended to a patient if the goiter is not 
large or unlikely to decrease in size? Prolonged 
TSH stimulation results in dilated capillaries, 
which may rupture and result in a hemorrhagic 
cyst. (Fig. 7-7). Additionally, prolonged TSH 
stimulation may lead to nodule formation. The 
presence of a nodule in the thyroid can lead 
to increased anxiety levels in the patient, which 
in turn leads the physician to the operating 
table. 

The philosophy behind the tendency to treat 
all goiters with thyroid hormone is predicated 
on the fact that thyroid hormone is relatively 
nontoxic and relatively inexpensive. The phi
losophy is also predicated on the dogma that 
TSH is responsible for the goiter formation. 
The possibility that other factors stimulate 
thyroid gland growth is raised in Chapter 2. 
Thyroid malignancy can be induced in rats by 
prolonged TSH stimulation but there is no 
convincing evidence that TSH stimulation is 
carcinogenic in normal individuals.1' 29 Al
though malignancy has been reported in in
tensely hyperplastic goiters, the differentiation 
can be difficult.13 27 

Thyroid Hormone Therapy. Sufficient thyroid 
hormone must be administered to suppress 
TSH secretion without inducing thyrotoxicosis. 
L-thyroxine is preferred since the hormone is 
slowly converted to L-triiodothyronine in the 
periphery and elevated serum concentrations 
of T3 do not occur. Administration of L-triio
dothyronine results in markedly elevated 
serum levels of the hormone for several hours 
following ingestion. Studies of TSH concentra
tions in hypothyroid women receiving L-thy
roxine indicated that 90% of patients were 
optimally managed by the daily administration 
of between 100 and 200 μgm of L-thyroxine.37 

Older patients require less thyroid hormone, 
between 100 and 125 μgm of L-thyroxine 
daily.34 Administration of 300 μgm of L-thy
roxine daily has resulted in metabolic altera
tions suggestive of subclinical hyperthyroidism 
in some patients.5 

Evaluation of Therapy. Despite the enormous 
number of patients who have received thyroid 
hormone suppression, there is a paucity of 
large, well-controlled studies that have exam
ined the efficacy of such treatment.235 In one 
study, 230 patients with nontoxic goiter were 
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treated with 180 mg of desiccated thyroid and 
followed at 1- to 3-month intervals. The goiter 
was regarded as diffuse when the entire gland 
was enlarged, even if the two lobes differed in 
size or considerable irregularity was present. 
The gland was defined as nodular when con
spicuous nodules were present or when a single 
nodule was found in an enlarged thyroid. Sol
itary nodule was diagnosed when there was an 
isolated nodule in an otherwise normal gland. 
Regression of the goiter was considered com
plete when the thyroid gland decreased to 
normal size in response to thyroid hormone 
therapy. The response was termed moderate 
if there was unequivocal regression without a 
complete return to normal. About 25% of the 
patients with nodular goiter had complete 
regression and another 25% had moderate 
regression (Table 7-5). 

In another study, 114 patients with goiter 
were randomly assigned to T3 (50 μgm/day) or 
T4 (200 μgm/day).35 Five patients had diffuse 
goiters, 38 had multinodular goiters, and 71 
had uninodular goiters on palpation. Patients 
who had significant reduction in goiter size 
(greater than 20%) at 12 weeks continued to 
receive the same dose of thyroid hormone for 
16 weeks. If the goiter's size did not change, 
patients were either continued at the same 
dose or the suppressive dose of the drug was 
doubled, i.e., 100 μgm/day of T3 or 400 μgm/ 
day of T4. The results are shown in Table 7 -
6. The major determinant of a decrease in 
goiter size was the duration of treatment rather 
than the dose of thyroid hormone. Patients 
who continued to receive the same dose of 
thyroid hormone had the same response rates 
as those receiving the higher dose. Studies of 
the non-nodular thyroid remnant after surgery 
for nontoxic goiter suggest that tissue with 
abnormal hormone production is widely dis
tributed within the gland.443 Therefore, thyroid 
hormone suppression may not be helpful. 
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nodular Goiter and 
Thyroid Cancer 

GERARD H. BURROW 

Since as many as 50% of adult thyroid glands 
may harbor nodules 1 cm or greater in size, 
the question arises as to when surgery should 
be considered. Thyroid carcinoma has been 
found in approximately 3% of the patients in 
two different unselected autopsy series.55' 94 

When serial sections of the thyroid are care
fully examined, the incidence of histologie ma
lignancies rises to 13%.72 The clinical incidence 
of thyroid cancer is about 39 cases /l million 
population or 0.0004%.17 The reason for the 
marked discrepancy between clinical presen
tation and autopsy findings is not clear. The 
findings are similar to prostatic carcinoma in 
which the incidence at autopsy is higher than 
clinically apparent disease. 

Does the presence of a multinodular goiter 
increase the likelihood of clinically significant 
thyroid cancer? The mortality rate for thyroid 
carcinoma has been reported to be ten times 
higher in Switzerland, where goiter is endemic, 
than in England,91 and the incidence decreased 
in Switzerland concomitant with a decrease in 
goiter after the introduction of iodized salt. 
However, as mentioned previously, careful 
pathologic examination will result in an appar
ently higher incidence of thyroid carcinoma. 
Another way to study the problem is to com
pare a decrease in goiter prevalence to a pos
sible decrease in the incidence of thyroid car
cinoma. Goiter prevalence declined between 
the two World Wars with the introduction of 
iodized salt. Changes in goiter prevalence 
based on medical examinations of draftees 
could be compared with the incidence of thy-
rotoxicosis and thyroid carcinoma during the 
same time period.64 Despite the marked de
crease in goiter, the death rate for thyroid 
carcinoma changed very little during this time. 
Immediately after the introduction of iodized 
salt, mortality rates from thyrotoxicosis in
creased, perhaps because of the Iod-Basedow 
phenomenon, and then decreased in parallel 
with the decline in goiter. These findings 
strongly supported the importance of endemic 
goiter in the pathogenesis of hyperthyroidism. 
In contrast, the comparison of thyroid cancer 
and goiter failed to provide convincing evi
dence for the existence of an association be
tween the two. The presence of goiter alone 
does not appear to increase the incidence of 
thyroid carcinoma. 

SOLITARY THYROID NODULES 
In contrast to a multinodular goiter, the risk 
of thyroid carcinoma is increased wih a solitary 
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nodule. In the same unselected autopsy series 
as noted previously, 19 single thyroid nodules 
or 7% of the 300 cases were found after 
sectioning of the gland.83 The incidence of 
thyroid carcinoma in these single nodules was 
almost four times the incidence in the entire 
series. The chance that a solitary thyroid nod
ule in this series would be neoplastic, benign, 
or malignant was almost three times that of 
the entire group. Although the separation of 
single from multiple thyroid nodules is difficult 
clinically, thyroid cancer has been found more 
frequently in the solitary thyroid nodule. Ma
lignant thyroid nodules usually do not concen
trate radioiodine as well as normal thyroid 
tissue, and they usually appear as nonfunction-
ing or hypofunctioning areas on a radioiodine 
scan of the thyroid.79 However, thyroid carci
noma may also occur in functioning nodules 
and the presence of a functioning thyroid nod
ule does not eliminate the possibility of thyroid 
malignancy. In one series an overall incidence 
of thyroid carcinoma was 29%. If "cold" soli
tary nodules had been the sole criterion for 
operative selection thyroid carcinoma would 
have been missed in 40% of the 202 patients. 

To eliminate any bias in case selection, one 
would have to operate on all patients with 
solitary thyroid nodules, which is obviously 
not possible. An attempt was made to elimi
nate some of the bias by studying all patients 
who were referred for radioisotopic scan of 
the thyroid (Fig. 8-1).31 The supposition was 
that a physician in the community would or
dinarily obtain such a scan before making any 
therapeutic decision about a solitary thyroid 
nodule. Solitary "cold" thyroid nodules were 
present in 130 patients and 68 of these patients 
underwent surgery. The factors that deter
mined those patients who were referred for 
surgery were not clear despite the study design. 
Thyroid carcinoma was found in 18% of the 
68 patients who came to surgery. Even if there 
were no malignancies in the group who did 
not undergo surgery, the incidence of thyroid 
carcinoma in these presumably unselected pa
tients with solitary cold thyroid nodules would 
have been about 9%. 

Risk Factors for Thyroid Cancer 
The possibility of malignancy is increased in 
solitary thyroid nodules. The question is 
whether or not we can select those patients 
that are at particular risk. 

External Radiation to the Head and Neck. 

The risk of malignancy in a thyroid nodule is 
significantly increased by previous irradiation 
of the head and neck. This association was 
first highlighted in 1950 when the observation 
was made that a third of a group of 28 children 
with thyroid carcinoma had received therapeu
tic doses of radiation to the thymus during 
infancy. Most of the radiation-associated thy
roid malignancies had been reported about 10 
years after exposure. With the discontinuance 
of this type of therapy, physicians then devel
oped a degree of complacency in regard to this 
entity. However, although radiation therapy 
for benign diseases of infancy and childhood 
has been discontinued for many years, the 
occurrence of radiation-associated thyroid car
cinoma has apparently not declined.2269 

The exact magnitude of the increase in thy
roid carcinoma after irradiation to the neck is 
unknown because appropriate age-matched 
control data are sparse. Estimates have ranged 
from a twofold to a 100-fold increase in the 
frequency of thyroid cancer. About a third of 
patients with a history of head and neck irra
diation will have abnormal findings in the 
thyroid on careful examination.2277 Carcinoma 
was found in 37% of patients who had single 
thyroid nodules found on physical examination 
in one study22 and in 35% of patients who 
underwent surgery in another. Whether 
radioisotopic scans of the thyroid improve the 
yield as intended of significant thyroid nodules 
is not clear.76'77 Decision analysis suggested 
that not doing a radioisotopic thyroid scan 
with periodic réévaluation was the preferred 
strategy.90 

The time required for the development of 
clinically evident thyroid carcinoma after ex
ternal radiation ranges from 3x/2 years to at 
least 30 years and perhaps longer.22'77 In one 
study, the cumulative frequency of thyroid 
carcinoma after exposure to external radiation 
showed an initial increase at 20 to 25 years 
after exposure and then an apparent but not 
statistically significant decline.22 These investi
gators hypothesized that if the progression of 
the thyroid disease involved hyperplasia, ade
noma formation, and eventually malignancy, 
a progression should have occurred with age. 
There was actually a reversal in progression, 
suggesting that irradiation induced malignant 
change right away that took 20 years to become 
clinically evident. They further hypothesized 
that thyroid hormone suppression would not 
be helpful 20 years after exposure, and in fact 
they did not find that prophylactic thyroid 
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Figure 8 -1 . Solitary "cold" thyroid nodule by radioisotopic scan. The numbers of individuals in each subgroup 
are shown (CA carcinoma; NTNG-nontoxic nodular goiter). (Redrawn from Burrow, Q. N., et al.: Yale J. Biol. Med. 
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hormone suppression was effective in prevent
ing new nodularity in previously examined 
glands. However, another prospective study of 
1108 patients who received irradiation for be
nign conditions of the head and neck during 
childhood indicated that thyroid nodules were 
continuing to occur at a constant rate.77 Until 
further information is available, prophylactic 
thyroid hormone suppression with attention to 
possible problems is reasonable in patients 
previously exposed to head and neck irradia
tion, unless there are other contraindications. 

Radiation-associated thyroid carcinoma has 
almost always been well differentiated, and 
the prognosis has been good when detected in 
patients under 40.71a-77a The absolute risk for 
thyroid cancer was found to be 1.5 cases/ 
million/rad/year when data from several stud
ies were combined.51 The relationship between 
estimated dose to the thyroid and thyroid 
cancer is shown in Figure 8-2. Carcinogenesis 
is uncommon after radiation doses above 2000 
rads, which suggests an upper limit for the 
induction of thyroid carcinoma by external 
radiation to the head and neck. One explana
tion for the "protective" effect of large doses 
of radiation has been that the complete de
struction of the thyroid cell prevents abnormal 
growth and neoplasm formation. There is no 

proof for this hypothesis but it would also 
explain the failure of therapeutic doses of 131 I 
to be a risk for thyroid carcinoma. Therapeutic 
doses of 131 I for thyrotoxicosis result in deliv
ery of 5000 to 8000 rads to the thyroid. 
Whether external radiation has a different ra-
diobiologic effectiveness than the same dose 
of radioisotope is not clear. Doses of external 
radiation as low as 50 rads have been associ
ated with risk of thyroid carcinoma. The use 
of 131 I for thyroid scans, which may deliver 
radiation in the carcinogenic range (100 to 200 
rads), should be reevaluated. No clear relation 
exists between the radiation dose and the in
terval between exposure and detection. 

The great majority of tumors have been 
papillary thyroid carcinoma. These malignan
cies found at the time of surgery are not simply 
minimal papillary carcinoma. In one study, 
two thirds of the carcinomas were greater than 
1 cm in size and 59% were multifocal with 
lymph node métastases.22 Nonthyroidal tumors 
are also increased by previous irradiation to 
the head and neck, particularly neural, salivary 
gland, and probably parathyroid tumors.67 77 

Age. As many as half the thyroid nodules 
appearing in children may be malignant. Thy
roid nodules are uncommon in children so that 
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the presence of a nodule should raise the 
suspicion of malignancy. Much of the data to 
support this contention were generated in stud
ies of children with past histories of external 
irradiation to the head and neck.36' 101 The 
increased risk for thyroid malignancy needs to 
be reappraised in children who have not been 
irradiated. In a larger study of 5179 school 
children in grades 6 through 12, only two 
thyroid cancers were found although nodular-
ity of the thyroid was present in 93 or 1.8%.45 

The thyroid nodularity represented thyroiditis 
in 31 children and adolescent goiter in another 
34. The nodules that proved to be neoplasms 
were usually solitary and firm without changes 
in the rest of the gland. These findings raise 
the question of whether all solitary thyroid 
nodules in children require surgical removal. 

However, thyroid carcinoma may continue 
to be a significant risk in children with solitary 
thyroid nodules. Only four children had his
tories of irradiation to the head and neck of 
30 children with solitary thyroid nodules.65 

Nevertheless, there was still a 40% incidence 

of thyroid carcinoma, which included the four 
children exposed to irradiation. In a 10-year 
review of solitary thyroid nodules removed 
from children without history of external ra
diation, five of 14 revealed thyroid malig
nancy.84 Despite possible bias in selection, 
solitary thyroid nodules in children remain a 
matter of concern. 

Sex. Thyroid malignancy similar to other forms 
of thyroid disease is more common in females. 
Nontoxic, nodular goiter also occurs much 
more frequently in females. As a consequence, 
a male with a solitary thyroid nodule is three 
times more likely to have a malignant nodule 
than is a female. 

Physical Characteristics. Certain findings on 
clinical examination of the thyroid should raise 
the suspicion of underlying malignancy. Pal
pation of the thyroid should be done carefully 
with particular attention to the regularity and 
hardness of the nodule, whether the gland is 
fixed to surrounding structures and whether 
there are palpable regional lymph nodes. In a 
group of patients first classified clinically fol
lowed by surgical corroboration in all cases, 
thyroid cancer was found in 76% of those 
thought to be malignant clinically.9 In thyroid 
nodules thought to be benign clinically but 
symptomatic as indicated by pain, recent 
change in goiter size, or dysphagia, 12% of 
cases were found to be malignant. Of nodules 
thought to be benign that were asymptomatic, 
carcinoma was found in 3%. 

The most significant physical sign of malig
nancy in the thyroid is the presence of a hard, 
irregular nodule. However, extreme hardness 
may occur with hemorrhage into a cyst and 
subsequent calcification. If the cancer has 
spread beyond the capsule and invaded sur
rounding structures, the clinical diagnosis of 
thyroid cancer becomes comparatively simple, 
although Riedel's struma can also extend be
yond the capsule. Fixation to the strap mus
cles, trachea, or larynx is easily detected on 
physical examination. Recurrent laryngeal 
nerve paralysis is not a common presenting 
symptom in thyroid cancer but does occur. 

Diagnosis 
Once suspicion of thyroid malignancy is raised 
by the presence of risk factors or by physical 
examination, the diagnosis must be confirmed 
through tests. 



156 THYROID DISORDERS 

Thyroid Biopsy. Although various procedures 
may heighten the suspicion that the nodule is 
malignant, only a tissue diagnosis will be con
firmatory. Concern that cancer might be dis
seminated along the track delayed acceptance 
of needle biopsy of the thyroid. Seeding has 
not proven to be a problem, and fine needle 
aspiration of the thyroid has gained wide ac
ceptance.49 Follicular carcinomas of the thyroid 
are particularly difficult to diagnose by fine 
needle biopsy since identification often rests 
on the demonstration of vascular and capsular 
invasion. On the one hand, such areas will be 
missed on fine needle biopsy, which is limited 
to individual cells. On the other hand, because 
of unique histologie characteristics, papillary 
carcinoma is easily identified. Lymphomas may 
be confused with thyroiditis.10 87 This relation
ship is further confused by the greatly in
creased risk of malignant thyroid lymphoma 
occurring in patients with chronic lymphocytic 
thyroiditis.41 

Comparison of the fine needle aspiration 
specimen with the rest of the thyroid gland is 
frequently not possible because the majority 
of patients do not undergo thyroid surgery. In 
one series of 81 cases where 93% of needle 
biopsy-based diagnoses were confirmed by 
subsequent thyroid surgery, errors were due 
to lymphoma complicating Hashimoto's dis
ease, undifferentiated thyroid carcinoma mis
interpreted as nonspecific thyroiditis, and fol
licular carcinoma misinterpreted as follicular 
adenoma.97 No evidence of tumor implantation 
along the needle track was found in any of the 
primary thyroid tumors, and no serious com
plications occurred. A renal cell carcinoma 
metastatic to the thyroid did seed along the 
needle track. Thyroid biopsy with a cutting 
needle results in more tissue for examination 
but also has the potential for more serious 
complications, which has made many physi
cians cautious about the procedure. With fine 
needle aspiration biopsy, 1000 cells may be 
obtained from perhaps a billion cells that con
stitute the thyroid gland. With this kind of 
sampling error, negative findings determined 
by needle biopsy should not deter immediate 
referral to surgery if a significant clinical sus
picion of thyroid malignancy exists.66 

Fine needle aspiration biopsy has become 
the determining factor in the management of 
the solitary thyroid nodule (Fig. 8-3).1395 In a 
review of 1330 patients who had surgery for 
thyroid nodules, 22 patients with negative find
ings determined by aspiration biopsies had 

thyroid carcinoma—a false-negative rate of 
i.7%.1 The false-positive rate was 0.5% in the 
same study. Fine needle aspiration biopsy 
specimens read as malignant had a specificity 
of 99% and a sensitivity of 73%.95 Specificity 
measures the fraction of patients correctly 
identified as having no thyroid malignancy. 
Sensitivity measures the fraction of patients 
with thyroid cancer that will be detected by 
biopsy. The results of the various tests to 
detect thyroid cancer can be expressed accord
ing to Bayes' theorem, which gives a predictive 
value for the diagnostic test (Fig. 8-4).56 

Three different approaches for the diagnosis 
of thyroid nodules were examined. The ra-
dioisotopic thyroid scan was the first in two 
approaches, followed by either fine needle 
aspiration biopsy or ultrasonography if the 
original scan showed a "cold" nodule.95 The 
third approach began with a fine needle aspi
ration biopsy followed by a radioisotopic scan 
of the thyroid and was the most cost effective 
of the three. Neither radioisotopic scan nor 
ultrasonography of the thyroid had high spec
ificity, and combination of the two procedures 
yielded the highest sensitivity but did not im
prove the specificity. Fine needle aspiration 
biopsy of the thyroid was most cost effective 
of the available tests when applied alone. 
Whether cost effectiveness should be the only 
factor considered in the treatment of individual 
patients has been questioned. 

The number of patients with thyroid nodules 
referred to surgery decreased by half while the 
number followed clinically doubled with the 
diagnostic use of fine needle aspiration of the 
thyroid in one series of 455 patients with 
thyroid nodules.59 Surgery for benign thyroid 
disease decreased 70%, whereas the diagnosis 
of thyroid malignancy at surgery increased by 
75%. Approximately 15 to 30% of patients 
with thyroid nodules who have fine needle 
aspiration biopsies will have suspicious cyto
logie findings, and 10 to 15% of these patients 
will have thyroid malignancies at surgery.29 

The accuracy of the procedure depends both 
on the sampling and the cytopathologic inter
pretation (Table 8-1). 

Radioisotopic Thyroid Imaging. The adminis
tration of a tracer dose of radioactive iodine 
or technetium (99mTc), which is trapped like 
iodine but not organified, permits the deline
ation of functioning and nonfunctioning areas 
of the thyroid (Fig. 8-5). Hypofunctioning or 
"cold" thyroid nodules have been considered 
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Eigure 8 - 3 . Fine needle biopsy 
aspirate of papillary carcinoma 
of the thyroid, demonstrat ing 
papillary configuration. 

Table 8 - 1 . Critical Factors in Assessing Tine Needle 
Aspiration Biopsy of the Thyroid* 

Factor 

Inadequate study 
Incidence of indeterminable 

reports 
Incidence of carcinoma in 

indeterminable reports 
False-negative reports 
False-positive reports 

Per Cent 

3 to 11 
17 to 30 

20 to 60 

2 to 4 
0 t o 3 

* Reproduced from Block, M. A.: Surgery of thyroid 
nodules and malignancy. Curr. Prob. Surg. 20:135, 
1983, with permission. 

to be a greater risk for malignancy since even 
well-differentiated thyroid carcinomas do not 
concentrate iodine as efficiently as normal thy
roid. The amount of radioactivity taken up by 
the nodule relative to extranodular uptake is 

compared. A "cold" nodule must be at least 1 
cm in size to be detectable. Very large thyroid 
nodules can be difficult to interpret because 
they may show locally reduced parenchymal 
activity, marginal indentation, or a well-de
fined focal defect. Demonstration of a "cold" 
thyroid nodule is helpful, but the majority of 
clinically significant thyroid nodules, benign 
and malignant, do not take up radioisotope as 
well as the extranodular tissue. The presence 
of a "hot" thyroid nodule that produces 
enough thyroid hormone to suppress TSH and 
inhibit radioisotope uptake in extranodular tis
sue can be helpful. Malignancy is extremely 
rare in "hot" thyroid nodules, which account 
for about a quarter of solitary thyroid nodules. 

The radionuclide most widely used for im
aging of the thyroid has been iodine 131, 

Test 

Definition 
of positive 
test 

Ideal 
Fine Needle Aspiration — suspicious 
Iodine — cold/warm 
Ultrasound — solid/mixed 
Thyroid Hormone Suppression — enlarge/no change 
Thyroid Hormone Suppression — enlarge 
Fine Needle Aspiration — malignant 
Iodine — cold 
Ultrasound — solid 
Technetium — cold 
Technetium — cold/warm 

Probability of disease when test result is 
Negative Positive 

100% 80 60 40 20 0 20 40 60 80 100% 

0% 
2.5% 

3% 
4% 
4% 
5% 
6% 
6% 
8% 

17% 
27% 

100% 
45% 
15% 
18% 
9% 

38% 
95% 
16% 
19% 
21% 
19% 

Figure 8—4. Probability of disease based on test results calculated according to Bayes' theory. Open bars 
represent missed malignancies, and solid bars represent percentage of operations at which malignancies were 
found. (Modified from Van Herle, A. J., et al.: The thyroid nodule. Ann. Intern. Med. 96 :221-232 , 1982, with 
permission. ) 
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Figure 8-5. Radioisotope scan shows a nonfunction-
ing solitary nodule in the lower pole of the right lobe 
of the thyroid. 

although there was concern about the radiation 
dose delivered during the imaging. With the 
recurrence of interest in the delayed effects of 
head and neck irradiation, this concern has 
been rekindled.19 The thyroid gland receives a 
dose of 80 rads with the administration of 100 
μ ο of I131 for a scan. Alternative methods of 
imaging have become highly desirable with the 
realization that several such scans would de
liver a potentially carcinogenic dose to the 
thyroid, if radionuclides are comparable to 
external radiation to the head and neck. 

For diagnostic studies of thyroid structure 
and function, I123 is potentially the ideal iso
tope. The half-life of 13.3 hours is long enough 
to do routine uptakes. Scans superior in reso
lution to 99mTc or131 I can be obtained with a 
radiation dose 1/85 of that for a comparable 
I131 study. 99mTc delivers about 0.6 rads to the 
thyroid during a scanning procedure. The per-
technetate ion(99mTc04) is trapped by the thy
roid-like iodine but is not organically bound 
and is rapidly discharged from the gland. This 
difference between the two isotopes has clini
cal significance because some thyroid malig
nancies appear functional with pertechnetate 
since they trap iodine but are "cold" with 131 I 
as they do not organify iodine. 

No patient with a clinically solitary thyroid 
nodule should be selected or not selected for 
surgery because of the presence or absence of 
a "cold" nodule on thyroid scan. However, 
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the presence of a "hot" nodule that is sup
pressing the extranodular tissue would exclude 
serious consideration of malignancy in most 
cases. 

Ultrasonic Thyroid Imaging. The presence of 
a "cold" nodule on thyroid scan does not 
distinguish between a nonfunctioning nodule 
and a cyst. An ultrasonic beam directed into 
the thyroid nodule may permit the differentia
tion of the nonfunctioning nodule from the 
cyst. By passing ultrasound frequencies into 
the thyroid nodule and by analyzing the re
flected echoes, one can distinguish soft tissue. 
The ability to discriminate is based on the 
partial reflection of the ultrasound at the tissue 
interfaces or boundaries. Multiple echoes are 
generated in solid thyroid nodules but not in 
cysts. Usually, a number of beams is incorpo
rated to form a two-dimensional image. Tra
chéal cartilage represents the most acoustically 
dense structure in the area, whereas thyroid 
gland is less acoustically dense than the sur
rounding tissue (Fig. 8-6). Thyroid volume 
also can be estimated by ultrasound.33 Enlarge
ment of the gland due to tumor can be distin
guished from cysts or hemorrhagic degenera
tion.8 

Cysts occur in about 20% of solitary thyroid 
nodules.60 The incidence of malignancy in thy
roid cysts is less than in solid lesions, although 
it may occur particularly in a mixed (solid and 
cystic) lesion. Unfortunately, with the in
creased sensitivity of newer ultrasound equip
ment, the diagnosis of mixed lesion is made 
more frequently and is less helpful. Thyroid 
hormone suppression has not been found to 
be helpful in preventing recurrence of benign 
cysts after initial aspiration.54 Successful scle
rosis of a recurrent thyroid cyst has been 
reported with tetracycline but is not generally 
indicated.93 

The use of ultrasound to evaluate solitary 
nodules over 4 cm is limited because both solid 
and cystic lesions will generate heterogenous 
echoes. Small nodules are also difficult to 
identify, and cystic lesions less than 1 cm in 
diameter may not be identified. Substernal 
goiters are difficult to distinguish because the 
sternum reflects the sound. Therefore, ultra
sonic study of thyroid nodules provides useful 
information about the consistency of the nod
ule but does not differentiate between benign 
and malignant ones. 

Other Imaging Techniques. In addition to the 
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Figure 8-6. Transverse ultra
sound scans. A, Normal thyroid 
gland. B, A right lobe focal 
echogenic nodule (Is = isth
mus; N = nodule; T = trachea; 
Th = thyroid; and LCA and 
RCA = left and right carotid 
arteries). 

R RCA 
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radioisotopic scan and ultrasound, other im
aging modalities are available to visualize the 
thyroid. The thyroid gland is relatively dense 
because of the presence of iodine, which has 
facilitated the use of the computed tomography 
(CT) scan with or without prior loading with 
stable iodine.68 However, the process results 
in more radiation of the thyroid gland, and the 
resolution of thyroid nodules is probably no 
better than ultrasound. 

Radiothallium(201Tl) can substitute for po
tassium in its intracellular metabolism with 
preferential uptake in a more cellular lesion 
and an increased probability of malignancy. In 
a study of the use of 201T1 scans in 117 patients 
with solitary thyroid nodules, the predictive 
value of malignancy was 67% and the predic
tive value of negative findings was 90%.42 The 
procedure may have a useful supportive role 
in the investigation of nonfunctioning solitary 
thyroid nodules by heightening the suspicion 
of malignancy or by indicating a low probabil
ity of thyroid malignancy. 

Since the thyroid gland has a rich blood 

supply and thyroid cancers in particular have 
increased vascularity, angiography findings can 
also be helpful in conjunction with other find
ings.61 In a study of 114 patients who subse
quently underwent thyroid surgery, the com
bined use of thyroid scans with pertechnetate 
and radionuclide angiography increased the 
yield of carcinoma in solitary "cold" thyroid 
nodules from 26 to 60%. The documentation 
of a hypervascular "cold" thyroid nodule is 
helpful but not generally indicated. 

Nuclear magnetic resonance (NMR) tech
niques can be used to image the thyroid 
gland.18 The spatial resolution of NMR was 
about as good as CT and allowed better dif
ferentiation of thyroid nodules, thyroid cysts, 
and parathyroid tumors. With further experi
ence, NMR imaging of the thyroid may be
come a more useful technique for the evalua
tion of the thyroid. 

Therapy of the Solitaiy Thyroid Module 
The management of the solitary thyroid nodule 
is outlined in Figure 8-7. From a practical 
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Figure 8 - 7 . Management of the solitary thyroid nodule. 

standpoint, it is easier to do the fine needle 
aspiration biopsy while the patient is in the 
office for the initial visit and then schedule a 
radioisotopic thyroid scan. If the biopsy find
ings raise suspicion, surgery is indicated; if the 
nodule is "hot," observation is indicated in the 
euthyroid patient. A solitary thyroid nodule 
occurring in a child or in an individual with 
previous radiation to the head and neck should 
be operated upon as should a thyroid nodule 
that appears clinically malignant on examina
tion. In the absence of these immediate indi
cations, the thyroid gland may be suppressed 

with thyroid hormone for 3 months. Disap
pearance of the nodule is an indication for 
continued thyroid hormone suppression. An 
occasional patient may have an autonomous 
nodule, and thyroid function tests should be 
repeated 3 weeks after thyroid hormone sup-
pressive therapy to look for elevated values. 
If suppression of the nodule is incomplete and 
the patient is a young male or the nodule is 
"cold," surgery is probably indicated. Other
wise, thyroid hormone suppression can be con
tinued for another 3-month trial period. 

The role of ultrasound is to determine 
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whether a nonfunctioning nodule on thyroid 
scan is solid or cystic. Aspiration biopsy will 
often determine the same information, and the 
exact role for ultrasound is still a matter for 
discussion.7 

If the nodule disappears completely with 
thyroid hormone suppression, suppression 
should be continued indefinitely. All solitary 
nodules should be biopsied including those in 
patients in whom the decision to operate has 
been made because of mitigating factors, e.g., 
previous history of external radiation to the 
head and neck. Knowledge beforehand that 
the thyroid nodule is malignant is helpful to 
the surgeon. The degree of function, i.e., 
"cold" or "warm" in the thyroid nodule is 
used to separate patients into two branches, 
but the patients are treated in a similar man
ner. The presence of a "cold" nodule might 
influence the decision whether to continue 
suppression in a patient with an incomplete 
response to thyroid hormone suppressive ther
apy. 

A study that applied decision analysis to 
three different therapies for the solitary "cold" 
thyroid nodule, including (1) immediate sub
total thyroidectomy, (2) thyroid suppression 
for 6 months followed by surgery in the non-
suppressible lesion, and (3) fine needle biopsy 
with surgery or suppression, concluded that all 
were essentially equal in terms of morbidity 
and mortality.62 Whether following the ap
proach outline in Figure 8-7 will have a signif
icant effect on morbidity and mortality is not 
clear but provides a rationale for therapy. 

In elderly patients, should the management 
of thyroid nodules be altered? In response, 
two distinct groups could be identified in a 
study of 100 patients who were above the age 
of 60 years.15 Sixty-six patients were in the 
high risk group, e.g., with solitary "cold" 
nodule and hoarseness; eleven of these pa
tients had thyroid cancer, of which six were 
poorly differentiated. There was no operative 
mortality. Surgery is indicated for elderly pa
tients with thyroid nodules who are at risk. 

Suppression with Thyroid Hormone. If the 
decision is made to delay surgery, a course of 
thyroid hormone suppressive therapy is indi
cated in an attempt to decrease nodule size. 
The solitary thyroid nodule should be sup
pressed more vigorously than the multinodular 
goiter because failure of suppression may lead 
to surgery. Complete suppression of thyroid-
stimulating hormone (TSH) secretion is prob

ably impossible to achieve. Whether low cir
culating levels of TSH stimulate the thyroid is 
not clear. As mentioned previously, growth 
factors other than TSH may play a role in 
thyroid gland stimulation. An adequate sup
pressive dose of thyroxine would result in 
thyroid function test results in the high normal 
range. 

Since a "cold" thyroid nodule implies inac
tivity, should it also be suppressed with thyroid 
hormone? "Cold" nodules that contain thyroid 
tissue are frequently more active biochemically 
than "warm" functioning nodules.26 They may 
have a defect in iodine trapping but may have 
levels of glucose oxidation and cAMP that are 
increased.81 Half the "cold" nodules in one 
study decreased with thyroid hormone 
suppression. 

Suppressive Dose. The amount of thyroxine to 
suppress a solitary thyroid nodule can be ad
justed to a dose that is just short of causing 
thyrotoxicosis with symptoms and signs of 
sleep disturbance, palpitations, and excess 
sweating. However, subclinical hyperthyroid-
ism may be undesirable over the long term. 
The sensitive TSH assay or the thyrotropin-
releasing hormone (TRH) test may be helpful 
in this situation.40 TRH usually causes a tem
porary increase in the serum TSH concentra
tion, but effective thyroid hormone suppres
sion should block the TSH response to TRH 
completely.63 Although complete suppression 
is desirable, most patients are placed on 150 
to 200 μg of L-thyroxine, and serum T4 and T3 
concentrations are monitored to keep them 
within the high normal range unless there are 
extenuating circumstances, such as heart dis
ease. 

Duration of Suppressive Thyroid Hormone 
Therapy Trial. Some patients have not had 
regression in the goiter until they had thyroid 
hormone suppression for a year or more.2 Half 
the patients with nontoxic goiter who were 
treated with thyroid hormone suppression had 
a decrease in nodular size after 3 months. Of 
the patients who did not respond initially, a 
third had a decrease in nodule size after an
other 4 months of therapy.80 These data sug
gest a course of therapy for at least 3 months 
and preferrably 6 months before the thyroid 
nodule is considered not to respond. Other 
data, however, suggest that no further suppres
sion of the thyroid nodule occurs after 3 
months of therapy.33 
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Complete disappearance of the thyroid nod
ule is an indication for continued thyroid hor
mone suppression. Regression of the nodule 
does not eliminate the possibility of thyroid 
cancer but does indicate that the nodule is 
responsive to TSH suppression. Immediate 
surgery should be advised if the thyroid nodule 
enlarges during suppressive therapy in the ab
sence of hemorrhage. Lack of regression of 
the nodule on thyroid hormone suppression 
may lead to surgery, depending on the risk 
factors outlined. 

Surgery. At the time of surgery, both thyroid 
lobes should be totally exposed even though 
preoperative palpation reveals only involve
ment in one lobe. At the time of surgery, as 
many as 60% of thyroids are found to have 
multiple nodules in cases that were diagnosed 
preoperatively as a single nodule by careful 
palpation and scan. If multinodular goiter is 
found at the time of surgery, the risk of car
cinoma lessens dramatically but a subtotal thy-
roidectomy is indicated. 

Confirmation of a solitary nodule at the time 
of surgery without evidence of extrathyroidal 
involvement is an indication for an extracap-
sular lobectomy with removal of the isthmus. 
If review of permanent sections indicates that 
the diagnosis is minimal papillary thyroid car
cinoma despite a benign appearance on frozen 
section, adequate surgery has been performed 
and reoperation is not required (see Treatment 
of Thyroid Carcinoma). 

THYROID MALIGNANCY 

Thyroid malignancy has a wide biologic varia
tion. Minimal papillary thyroid carcinoma is 
considered to have a negligible risk in terms 
of morbidity and mortality. In comparison, 
anaplastic carcinoma of the thyroid can be one 
of the most malignant of all human tumors. 
The mortality of thyroid carcinoma is low in 
the young, but the prognosis worsens with 
age. The disease is found in all ages from 
infants to octogenarians. Most thyroid carci
noma in younger individuals is well-differen
tiated, whereas anaplastic carcinoma predom
inates in the elderly. Highly malignant 
anaplastic carcinoma seldom occurs before the 
age of 40. After 40 years of age, both mortality 
and metastatic thyroid carcinoma increase 
sharply. Similar to all thyroid disease, carci
noma of the thyroid is three times more com
mon in females than in males.73 

Incidence 
Confusion over the true incidence of thyroid 
carcinoma is partially due to the frequency of 
minimal papillary thyroid carcinoma, which 
has been reported to occur in as many as 13% 
of the population in the United States.72 Since 
the morbidity and mortality connected with 
these small (< 1.5 cm) thyroid tumors is neg
ligible, they are largely responsible for the 
disparity between the prevalence and the mor
tality of thyroid cancer in some surgical series. 
The reported prevalence varies widely because 
the diagnosis of thyroid malignancy is exqui
sitely sensitive to the intensity of the pathologic 
examination of the thyroid gland. The inci
dence of 13% was found by carefully examin
ing 300 to 900 sections per gland. If all thyroid 
glands were subjected to this intensity of ex
amination as many as 10 to 30 million North 
Americans might receive the diagnosis of thy
roid malignancy.72 From the patient's point of 
view, the diagnosis has little biologic impor
tance, although from the physician's point of 
view, it is difficult to talk meaningfully about 
incidence. A firm endpoint, death from thyroid 
cancer, is uncommon and approximates 0.8 
deaths in females per 1000,000 population per 
year and 0.4 deaths per 100,000 population 
per year in males. 

Classification 
Virtually all thyroid tumors arise from follicu-
lar or parafollicular cells and are classified in 
Table 8-2. Thyroid carcinoma may be follicu-
lar, with recognizable thyroid follicles, or the 
follicular cells may form papillary structures 
either pure or mixed with follicles. The follic
ular cells may be largely undifferentiated and 
appear as large spindle cells, or they may grow 
as squamous cells. The parafollicular cells may 
give rise to carcinomas with different histologie 
subtypes, but they are all labelled medullary. 

Histologie classification of these thyroid tu
mors has biologic significance. In a 5- to 30-
year follow-up, 11% of patients with papillary 
carcinoma of the thyroid died as compared 
with 25% of patients with follicular carcinoma, 
50% of patients with sporadic medullary car
cinoma, and 90% of patients with undifferen
tiated carcinoma. The biologic behavior of 
thyroid malignancies can also be used for clas
sification (Table 8-3). Papillary thyroid can
cers tend to metastasize to cervical lymph 
nodes and occur in all age groups. Follicular 
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Table 8 - 2 . Histologie Classification of Epithelial 
Thyroid Tumors According to the World Health 

Organization* 

I. Epithelial tumors 
A. Benign 

1. Follicular adenoma 
2. Others 

B. Malignant 
1. Follicular carcinoma 
2. Papillary carcinoma 
3. Squamous cell carcinoma 
4. Undifferentiated (anaplastic) carcinoma 

a. Spindle cell type 
b. Giant cell type 
c. Small cell type 

5. Medullary carcinoma 
II. Nonepithelial tumors 

A. Benign 
B. Malignant 

1. Fibrosarcoma 
2. Others 

III. Miscellaneous tumors 
A. Carcinosarcoma 
B. Malignant hemangioendothelioma 
C. Malignant lymphoma 
D. Teratomas 

IV. Secondary tumors 

* Reproduced from Histological Typing of Thyroid Tu
mors, International Histological Classification of Tu
mors, no 11. World Health Organization, Geneva, 
1974, with permission. 

métastases tend to be blood borne and occur 
in older age groups. Undifferentiated thyroid 
cancers usually kill by local invasion and are 
found predominantly in older age groups. 

Although at present there is no completely 
satisfactory system for staging thyroid cancer, 
certain characteristics relate to therapy and 
prognosis. The following factors are thought 
to be important in the prognosis and therapy 
of papillary and follicular carcinoma of the 
thyroid: (1) histologie type, (2) age of patient, 
(3) extent of primary tumor, (4) distant métas
tases, (5) size of thyroid, (6) blood vessel 
invasion, (7) multiple foci, and (8) sex of 
patient.57 An attempt has also been made to 
classify thyroid carcinoma by clinical stages 
(Table 8-4). 

Papillary Carcinoma of the Thyroid. Papillary 
thyroid carcinoma represents the great major
ity of childhood thyroid cancer and is three 
times more common in females. Although 
more common, the disease also has a better 
prognosis in women and children as compared 
with men. The overall prognosis for papillary 
thyroid carcinoma is generally good in any 
case, and 80% or more of patients are alive at 
10 years. 

The histologie pattern of the tumor is defi
nitely papillary (Fig. 8-8). There is a peculiar 
appearance of the tumor cell nuclei, which has 
been designated as "ground glass," "optically 
clear," and "Orphan-Annie eye."69a Although 
the tumor may frequently contain colloid-filled 
vesicles, the follicular component does not 
alter biologic behavior of the tumor, which is 
still classified as papillary. 

Psammoma bodies, which are laminated cal
cifié spherules, are present in about 40% of 
cases of papillary carcinoma. The psammoma 
bodies can sometimes be identified as finely 
stippled calcification on a radiograph of the 
neck.50 Xerography may be particularly help
ful. The tumor is slow growing and usually of 
low grade malignancy so that long follow-up 
periods are necessary. Spread occurs to the 
lymph nodes characteristically, and a patient, 
particularly a child, may actually present with 
enlarged cervical nodes rather than a solitary 
thyroid nodule. Interestingly, for reasons that 
are not clear, the presence of cervical lymph 
node métastases seems to have relatively little 
deleterious effect on mortality.52'53 Intraglan-
dular métastases, both in the same lobe as the 
primary and in the contralateral lobe are not 
uncommon. Métastases to bones and lungs are 
much less common. Despite widespread mé
tastases, papillary thyroid carcinoma may re
main indolent for long periods and then sud
denly assume more aggressive properties. 

Follicular Carcinoma. Follicular carcinoma, 

Table 8—3. Histologie Classification and Biologic Behavior* 

Tumor 
Papillary 
follicular 

Medullary 
Undifferentiated 

Age 
All 
Middle-aged to 

old 
All 
Older 

Growth Rate 
Slow 
Slow 

Moderate 
Rapid 

Lymph Node 
Métastases 
Common 
Uncommon 

Common 
Extensive 

Distant 
Métastases 

Uncommon 
Common 

Common 
Common and 

local growth 

*Reproduced from Meissner, W. A.: In DeGroot, L. J. et al. (eds). Radiation Associated Carcinoma. Grune & 
Stratton, New York, 1977, with permission. 
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Table 8-4. Clinical Stages of Thyroid Carcinoma* 

Stage 1 Intrathyroidal lesions only 
Stage 2 Monfixed cervical métastases 
Stage 3 Fixed lymph node métastases or 

invasion into the neck outside the 
thyroid 

Stage 4 Thyroid tumors with metastatic disease 
outside the neck 

*Reproduced from Smedal, M.L., Salzman, F.A., Meis-
sner W.A.: Am. J. RoentgenoL 99:352, 1967, with 
permission. 

similar to papillary carcinoma, is three times 
more common in women but occurs less fre
quently in childen and is more a disease of 
middle and later years. Histologically, the tu
mor is characterized by the complete absence 
of papillary elements and the formation of 
follicular structures with varying colloid con
tent. Follicular carcinoma can be very difficult 
to distinguish from follicular adenomas be
cause of the normal appearing morphology, 
and usually invasion of the capsule, adjacent 
thyroid (Fig. 8-9), or blood vessels must be 
demonstrated. The tumor may appear initially 
as a distant blood-borne metastasis with no 

Figure 8-8. Papillary carcinoma of the thyroid. The 
papillary bandlike structure is lined by low columnar 
cells. In the lower panel optically clear "Orphan Annie 
nuclei" are seen. 
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Figure 8—9. Follicular carcinoma of the thyroid. The 
follicles are of uniform size and are distinctly different 
from the normal follicles in the upper part of the 
micrograph. The carcinoma is surrounded by a well-
defined capsule without signs of invasion in this in
stance. 

thyroid lesion evident clinically. Hürthle's cell 
tumors are probably variants of follicular car
cinoma. They have been considered a more 
malignant variant, but this has been ques
tioned.13 Well-encapulated, benign-appearing 
Hürthle's cell tumors may be treated with 
lobectomy and careful follow-up. The chance 
that they will later exhibit malignant behavior 
is small. 

Prognosis depends on the extent of tumor 
spread at the time of surgery. Follicular carci
nomas that show minimal invasion and appear 
benign histologically have a very high cure 
rate. The prognosis becomes progressively 
worse with more extensive spread. These le
sions may not metastasize for as long as 10 to 
20 years. In a study of 18 deaths from follicular 
carcinomas, 56% had métastases; 89% had 
lymph node métastases; and 17% had skeletal, 
liver, or brain métastases.82 

Anaplastic Carcinomas of the Thyroid. Ana-
plastic carcinomas of the thyroid do not occur 
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as frequently in women as do other thyroid 
tumors and occur in the older age groups 
(mean age 57 years). These tumors tend to be 
strikingly pleomorphic and devoid of any spe
cial cellular arrangement. Bizarre, multinucle-
ated giant cells are encountered frequently 
(Fig. 8-10). Fibrosarcoma may be suggested 
when a spindle-cell growth pattern predomi
nates. Diffuse small-cell carcinoma of the thy
roid forms a special group, although the great 
majority of these tumors may actually be lym-
phosarcomas.35 

Anaplastic thyroid carcinomas may grow 
very rapidly, infiltrate neck structures, and 
spread to regional lymph nodes, lungs, bones, 
and liver. Before distant métastases appear, 
deaths can occur as a result of rapid local 
invasion and asphyxiation. The prognosis is 
grim with a 10-year survival rate of about only 
1%. 

Treatment of Thyroid Carcinoma 
The extent of surgery necessary in the treat
ment of thyroid carcinoma remains controver
sial in view of the wide behavioral variation of 
differentiated tumors of the thyroid. The risk 
of surgical treatment must be weighed carefully 
against the prognosis for each individual. 
Where the prognosis is reasonable, radical 
procedures should be used with restraint be
cause of the disability risk, e.g., recurrent 
laryngeal nerve and hypoparathyroidism. 

There is a unique treatment for thyroid 
cancer since radioactive iodine is directly tar
geted to the thyroid gland. The isotope may 

be of real benefit in treating surgically inacces
sible métastases without damaging surrounding 
tissue. Whether radioactive iodine should be 
used to ablate the remaining thyroid gland 
after partial thyroidectomy for well-differen
tiated papillary carcinoma is a continuing sub
ject for debate. Long-term follow-up of pa
tients treated with radioactive iodine for 
thyroid cancer revealed a relatively low risk, 
although there did appear to be an increased 
risk of cancer of the bladder.233 Certain well-
differentiated thyroid carcinomas are TSH-
dependent, and no clear evidence exists that 
induction of hypothyroidism with concomitant 
elevated serum TSH levels has resulted in 
growth of thyroid métastases. Continued TSH 
suppression by thyroid hormone and avoidance 
of hypothyroidism if possible are part of the 
general therapy for thyroid carcinoma. 

Treatment of Papillary Carcinoma. The sur
gical procedure of choice for minimal papillary 
carcinoma with lesions less than 1 cm would 
be a thyroid lobectomy on the side of the 
nodule and removal of the isthmus.53 For larger 
lesions, the evidence favors a near total thy
roidectomy with only enough gland left to 
preserve the recurrent laryngeal nerve and the 
parathyroid glands. Removal of only the ap
parently affected lobes would have resulted in 
residual cancer persisting in two thirds of pa
tients in one study.14 A significant inverse 
correlation occurred between the extent of 
surgery and the recurrence of tumor in a study 
of 576 patients with cancer of the thyroid 
(Table 8-5).52 Papillary thyroid carcinoma re-

Flgure 8—10. Anaplastic carci
noma of the thyroid. The cells 
are bizarre and pleomorphic. 
The mitotic rate is high. 
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curred twice as often after subtotal thyroidec-
tomy as compared with near total thyroidec-
tomy, and the proportion of thyroid cancer 
deaths was also greater in this group. Interest
ingly, cervical lymph node métastases at the 
time of original surgery were correlated with 
higher recurrence but not high mortality in the 
gland. 

If the posterior capsule of the thyroid on the 
contralateral side from the original nodule is 
left intact, the risk of hypoparathyroidism and 
recurrent laryngeal nerve involvement can be 
reduced to as low as 5%.92 Hypoparathyroid
ism occurred in 13.5% of patients after total 
thyroidectomy and was clearly related to the 
extent of the surgery in one series.52'53 In the 
same series, recurrent laryngeal nerve paralysis 
occurred in 1.2% of patients and was also 
related to the extent of surgery. Importantly, 
there was no evidence that radical neck dissec
tion in addition to the near total thyroidectomy 
lessened recurrence or improved survival. Fur
thermore, major postoperative complications 
were reported in 44% of patients treated in 
this manner in contrast to 13% of patients in 
whom near total thyroidectomy was combined 
with selective regional lymph node excision. 

Medical therapy, both thyroid hormone 
suppression and radioactive iodine, signifi
cantly influenced survival and recurrence in 
the treatment of papillary carcinoma of the 
thyroid (Fig. 8-1l).52 Both treatment modali
ties resulted in significantly less recurrence 
than thyroid hormone therapy alone. The in
dication for therapy with radioactive iodine 

Table 8-5. Influence of Initial Treatment on 
Recurrence and Survival in Thyroid Papillary 

Carcinoma* 

Surgical Therapy 

Thyroidectomy 
Subtotal 
Total 

Lymphadenectomy 
None 
Simple 
Excision 

Medical therapy after 
surgery 

Mone 
Thyroid 
131I and thyroid 

hormone 

Recurrence 
(%) 

10.9f 
19.2 

12.3 
17.9 
14.7 

40.0 
1 3 . l t 
6.4 

Deaths 
(%) 

0.6 
1.5 

0.8 
1.7 
0.7 

10.0 
0.2 
0.9 
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*Mazzaferri, E.L. and Young, R.L.: Am. J. Med. 70:511, 
1981, with permission. 
tp < 0.01 
Φρ < 0.001 

Figure 8-11. Recurrence of papillary thyroid carci
noma after surgery with and without adjunctive med
ical therapy. (Redrawn after Mazzaferri, E. L. and 
Young, R. L.: Papillary thyroid carcinoma: A 10-year 
follow-up report of the impact of therapy in 576 
patients. Am. J. Med. 70:511-518, 1981, with permis
sion.) 

was residual uptake in the neck, particularly 
in the presence of a large primary lesion of 
> 2.5 cm, lymph node métastases, or local 
invasion.52 The mean dose of radioactive io
dine was 140 mCi and was less than 200 mCi 
in 87% of patients. 

Although at least some radioactive iodine is 
taken up by as many as 80% of differentiated 
thyroid carcinomas, the benefits from such 
therapy are not clear, particularly in patients 
with small métastases confined to the neck. 
For patients with papillary tumors of < 1.5 
cm, less aggressive therapy such as subtotal 
thyroidectomy and thyroid hormone suppres
sion may be adequate.52 

Thyroid hormone administration to 19 pa
tients with inoperable, metastatic papillary car
cinoma of the thyroid resulted in regression of 
the lesions in 12 patients for periods of time 
averaging 11 years.16 The aim of thyroid hor
mone therapy in patients with thyroid carci
noma is suppression of serum TSH secretion 
rather than replacement. The TRH test may 
prove helpful as an indicator of TSH suppres
sion by thyroid hormone.47 The patient should 
be started on 0.15 mg of L-thyroxine daily. If 
there is a TSH response to the TRH bolus 
after 3 weeks of therapy, the thyroid dose 
could be raised to 0.20 mg and the test re
peated until no response to TRH occurs. Ex
ternal radiation in moderate dosages can erad-

http://13.lt
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icate microscopic papillary and follicular 
carcinoma. Larger amounts of tumor may also 
respond favorably but the regression rate is 
slow.86 

Treatment of Follicular Carcinoma of the Thy
roid. Follicular carcinoma of the thyroid is a 
more aggressive tumor than papillary carci
noma and should be treated more aggressively. 
Blood-borne métastases outside the neck are 
more common, requiring radionuclide therapy. 
Aggressive therapy is justified since patients 
freed of well-differentiated métastases outside 
the neck had a survival rate three times that 
of patients not freed of such métastases.16 For 
these reasons, near total thyroidectomy is in
dicated even if the diagnosis is not made until 
the permanent sections are reviewed, necessi
tating reoperation within 4 to 5 days of the 
initial surgery. The normal thyroid gland is so 
avid for iodine that the gland must be ablated 
before significant uptake into métastases will 
occur. 

Reoperation would not seem indicated if 
subtotal thyroidectomy was done for noninva
sive follicular carcinoma in the past and the 
patient in this situation could be followed 
expectantly. Radioactive iodine can be used to 
ablate the normal remnant but a large dose 
may be required, which would contribute to 
the radiation burden. However, further studies 
have suggested that 30 mCi may be sufficient 
in such cases.21 

If the decision is made to treat the thyroid 
carcinoma with radioactive iodine following 
surgery, the patient should be allowed to be
come hypothyroid which would take about 3 
to 4 weeks after a near total thyroidectomy.5 

However, the immediate postoperative period 
is often difficult, and induction of hypothyroid-
ism accentuates the problem. We have pre
ferred to institute postoperative L-thyroxine 
suppressive therapy immediately, and after 3 
months change to triiodothyronine 50 μgm a 
day for 3 weeks. Two weeks after discontinuing 
the triiodothyronine, the patient is admitted 
for radioiodine therapy, usually at 100 mCi. 

This regimen results in a serum TSH con
centration in the range of 50 μυ/ml and ap
pears to produce optimal radioactive iodine 
thyroid uptake.30,39 If the procedure is being 
done after the initial surgery, a thyroid rem
nant is virtually always present and a prelimi
nary scan is not necessary. However, in follow-
up studies, 2 mCi of 131I can be given and a 
whole body scan performed. The use of 123I, if 
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available, would lower the radiation dose for 
diagnostic purposes. In either case, if uptake 
occurs over the thyroid or elsewhere, 
100 mCi of 131I should be given. Measures to 
maximize the thyroid uptake and to minimize 
the total body radiation burden include a low 
iodine diet for 4 weeks previous to therapy 
and the administration of diuretics to decrease 
the iodide pool.32 Lithium can also be given to 
block the release of iodide from métastases 
but is rarely indicated.2848 

The patient should be placed on full sup
pressive doses of L-thyroxine following ther
apy. Prolonged hypothyroidism with elevated 
serum TSH concentrations is undesirable be
cause of the possibility of stimulating thyroid 
tumor growth. Patients can be kept on sup
pressive therapy and thyroid uptake stimulated 
with intramuscular bovine TSH, 10 U, daily 
for 3 days. Unfortunately, antibodies and toxic 
reactions may result from the administration 
of the bovine TSH.58 Whether thyroid stimu
lation is as great with exogenous TSH stimu
lation has also been questioned.37 Certainly, 
the patient should not be allowed to remain 
hypothyroid any longer than necessary. 

Treatment of Anaplastic Carcinoma. In the 
majority of patients, anaplastic carcinoma is 
incurable at presentation. Partial excision of 
the tumor as well as tracheostomy may be 
required to reduce the tumor burden and re
lieve trachéal compression. A needle biopsy 
may be sufficient to establish the diagnosis. 
Radical surgical approaches have no place in 
the treatment of anaplastic carcinoma of the 
thyroid. Surgical procedures have failed to 
improve the prognosis, and radiotherapy prob
ably provides the best palliation. External ra
diotherapy may be given through a variety of 
ports to the neck and upper mediastinum for 
a total dose of 4000 to 5000 rads. Shrinkage of 
the tumor often occurs rapidly but subse
quently recurs. Hyperfractionation of the ra
diation dose, e.g., 400 rads daily at 3-hour 
intervals, caused complete tumor regression in 
6 of 14 patients.85 Since radioiodine represents 
a specific chemotherapeutic agent for the thy
roid, a radioiodine uptake and scan should be 
done before other therapy is attempted. Al
though anaplastic carcinomas of the thyroid 
rarely pick up sufficient iodine, occasionally 
radioiodine therapy is possible.74 

Chemotherapy is an alternative to radiation 
but has not been helpful in the treatment of 
these aggressive tumors.78 Doxorubicin (Adri-
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amycin) caused partial remissions associated 
with subjective improvement in 5 of 19 patients 
with anaplastic carcinomas of the thyroid.31 

Although spindle and giant cell types appeared 
to be less responsive, some responsiveness was 
observed in all the histologie cell types. Car-
diomyopathy was the most significant effect of 
drug toxicity encountered. Bleomycin has also 
been suggested to be effective in thyroid cancer 
therapy.34 

Follow-up 

After radioiodine ablation of the thyroid rem
nant, the patient should be scanned again in 6 
months. Further radioiodine scans following 
withdrawal of thyroid hormone suppression 
are not indicated in my view, unless there is 
evidence of recurrence or métastases. Yearly 
chest films may be helpful in this regard, along 
with bone scans if indicated, particularly in 
follicular carcinoma of the thyroid.23 

Serum Thyroglobulin Determinations. Deter
mination of serum thyroglobulin concentra
tions is helpful in the follow-up of thyroid 
carcinoma.11 '2796 The assay is not specific in 
the diagnosis of malignancy since circulating 

figure 8-12. Typical facies of a patient with the MEN 
type III syndrome. (Reproduced from Khairi, M. R. A., 
et al.: Mucosal neuroma, pheochromocytoma, and 
medullary thyroid carcinoma: Multiple endocrine neo
plasia type III. Medicine 54:89-112, 1975, with per
mission.) 
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thyroglobulin concentrations may be increased 
in a number of benign thyroid conditions in
cluding Graves' disease, subacute thyroiditis, 
and goiter. The major use of the thyroglobulin 
assay is probably in the follow-up of a patient 
whose thyroid carcinoma has been removed 
and whose postoperative serum thyroglobulin 
concentrations are very low or undetectable. 
Persistence of elevated serum thyroglobulin 
levels or an increase in previously low concen
trations would indicate that residual tumor or 
thyroid is present.6 'n Determinations of serum 
thyroglobulin values should be used only if the 
assay is sufficiently sensitive (< 10 to 15 ng/ 
ml) and no antithyroglobulin antibody has 
been demonstrated. The serum thyroglobulin 
determination may be enhanced by thyroid 
hormone withdrawal and concomitant TSH 
stimulation.75 Thyroglobulin concentrations 
below 10 ng/ml are rarely associated with sig
nificant disease, and thyroid hormone with
drawal is not indicated in the routine follow-
up of patients with thyroid cancer. 

Other tests have been used to screen patients 
with previous irradiation to the head and neck 
for the possible presence of thyroid carcinoma. 
Positive results for a battery of tests, including 
serum thyroglobulin, thyroid antibodies, and 
carcinoembryonic antigen, were more common 
in the irradiated population than in controls.20 

The tests did not clearly differentiate patients 
with benign or malignant lesions with the ex
ception of markedly elevated levels of thyro
globulin in which the clinical diagnosis was 
usually obvious. Papillary and follicular carci
noma of the thyroid has been successfully 
located by radiolabelling IgG antibody to hu
man thyroglobulin.25 Results suggest that scan
ning with m I-antithyroglobulin may be more 
sensitive than conventional scanning with ra
dioactive iodine. 

MEDULLARY CARCINOMA 
OF THE THYROID 
Medullary carcinoma differs from other thy
roid carcinomas in that the tumor originates 
from parafollicular or C-cells which are of 
neural crest origin. As a consequence, these 
carcinomas, which represent only 5 to 10% of 
all thyroid malignancies, have endocrine and 
biochemical properties that provide a distinc
tive means for early detection, follow-up, and 
possible prevention. 
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Figure 8-13. Medullary carci
noma of the thyroid. Pleo-
morphic cells are in clumps 
separated by amyloid. 

Incidence and Classification 
Medullary carcinoma has no particular predi
lection for age or sex and occurs from 5 to 80 
years of age. The majority of these malignan
cies are sporadic and usually unicentric in 
origin, although in some cases, a third of the 
patients with apparently sporadic disease ac-
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Figure 8-14. Semilogarithmic plot of the per cent of 
converters from negative to positive results in the 
calcitonin stimulation test as a function of age. (Mod
ified from Gagel, R. F., et al.: J. Pediatrics, 101:944, 
1982.) 

tually have multifocal tumors.71 In about 20% 
of patients, the disease is familial and trans
mitted as an autosomal dominant one, with 
high penetrance and variable expression. Fa
milial medullary carcinoma of the thyroid oc
curs as part of multiple endocrine neoplasia, 
type HA (MEN-IIA) with pheochromocytoma 
and hyperparathyroidism or as part of MEN-
IIB with pheochromocytoma, mucosal neu
roma, intestinal ganglioneuroma, marfanoid 
habitus, and skeletal deformities (Fig. 8-
12).44'89 

Medullary carcinoma with a familial pattern 
has been described that appears to be the least 
aggressive form.25a Individuals studied had no 
extrathyroidal manifestations, and tumors 
either developed at a later age or grew more 
slowly. 

The different characteristics of the heredi
tary and sporadic varieties of medullary carci
noma may be explained by the two-mutational 
event theory proposed by Knudson.46 The first 
event was postulated to be a germinal muta
tion, resulting in many susceptible cells. The 
earliest pathologic change in medullary carci
noma is a progressive multifocal increase in 
the number of C-cells. A subsequent somatic 
mutation would lead to the transformation of 
hyperplastic to malignant cells. Comparison of 
the ages of onset of hereditary and sporadic 
medullary carcinoma have been consistent with 
this theory.43 Further evidence was provided 
by studies with glucose-6-phosphate dehydro-
genase that the initial inherited mutation, 
which was thought to occur in the fetal neural 
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Figure 8-15. C cell hyperplasia. 
Clusters of polygonal to spin
dle-shaped C cells in a parafol-
licular location. (Reproduced 
from Tashjian, A. H., Wolfe, H. 
J., and VoelkeL E. F.: Human 
calcitonin. Am. J. Med. 56:847, 
1974, with permission.) 

crest, produced multiple clones of cells suscep
tible to neoplastic change.3 The subsequent 
development of medullary carcinoma of the 
thyroid was the result of one or more muta-
tional changes involving one clone of suscep
tible cells. 

Medullary carcinoma is intermediate in ma
lignancy between follicular and anaplastic car
cinoma with a 5-year survival of 70 to 80%.38 

The tumor tends to run a slow, progressive 
course with both local invasion of structures in 
the neck as well as métastases to both cervical 
nodes and more distant sites. The tumor may 
be sharply demarcated from surrounding thy
roid or, alternatively, may infiltrate adjacent 
thyroid tissue. Small tumors are almost invar
iably located in the upper posterior portion of 
thyroid lobes. 

Medullary carcinoma of the thyroid is distin
guished by clusters of polyhedral, neoplastic 
cells (Fig. 8-13). Together with the absence of 
neoplastic follicular elements, this compart
mentalized group of cells separated by amy
loid-containing stroma is a distinctive patho
logic feature. The presence of amyloid, which 
is formed from calcitonin, is another distinctive 
feature.88 

Diagnosis of Medullary Carcinoma 
Virtually all patients with medullary carcinoma 
have elevated blood calcitonin levels, although 
30% or more of patients with medullary car
cinoma of the thyroid may have normal basal 
calcitonin levels. Therefore, provocative tests 
must be used to stimulate calcitonin secretion, 

e.g., calcium, glucagon, and pentagastrin. The 
combination of pentagastrin and calcium ap
pears superior to either agent alone.100 

The calcitonin stimulation test has been used 
for the early diagnosis of medullary carcinoma 
of the thyroid. The long-range outcome for 
patients identified early in the course of the 
disease must await follow-up studies. Although 
calcitonin is a sensitive and specific tumor 
marker, the hormone should not be measured 
in every patient with a thyroid nodule. The 
test should be done only if the clinical picture 
is suggestive, and the main diagnostic value is 
screening kindred with the familial form of the 
disease.99,102 Screening should begin about the 
age of 5 years and continue yearly until the 
age of 30 years. 

After age 30, less frequent testing would be 
adequate based on sequential testing of 445 
members of 11 kindreds to determine the age-
related probability for developing familial 
medullary carcinoma (Fig. 8-14). Individuals 
have been identified with this screening with 
early changes in the C-cell mass, which could 
represent preinvasive hyperplasia of the cells. 
In these patients, microscopic clusters of C-
cells occur focally in the middle to upper third 
of the lateral lobe of grossly normal thyroids 
(Fig. 8-15). The data suggest that the calci
tonin stimulation test should lead to recogni
tion and treatment of the tumor at a potentially 
curable stage. Basal calcitonin levels can be 
elevated in other malignancies, such as in the 
breast, lung, and pancreas, as well as in some 
benign conditions, such as renal failure.4 Other 
markers, e.g., carcinoembryonic antigen, have 
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also been studied in medullary carcinoma of 
the thyroid but are both less sensitive and less 
specific than the calcitonin stimulation test.70 

Therapy of Medullary Carcinoma 
In the sporadic form of medullary carcinoma, 
métastases have already occurred in more than 
half the patients at the time of diagnosis, 
making complete excision of the cancer diffi
cult. In familial medullary carcinoma recog
nized early, the lesion will be less difficult to 
excise. 

Multicentricity is common, and near total 
thyroidectomy is the procedure of choice. The 
lymph nodes in the central compartment of 
the neck, extending as far substernally as pos
sible, should be dissected.38 The extent of the 
thyroid surgery should not be at the expense 
of the recurrent laryngeal nerve and parathy
roid glands. Radical neck dissection should not 
be done under usual circumstances. Since 
pheochromocytoma is a distinct possibility in 
a patient with familial medullary carcinoma of 
the thyroid, appropriate tests, e.g., urinary 
catecholamine determination, should be done 
before surgery. 

Radioactive iodine is not picked up well by 
medullary carcinomas and, therefore, is not 
recommended. Thyroid hormone is not nearly 
as effective as in differentiated thyroid tu
mors.98 No effective therapy for medullary 
carcinoma currently exists, and a vigorous 
screening program offers the best chance for 
long-term survival, at least in the familial form. 
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9 
Infective 
Thyroiditis 

ROBERT VOLPE 

THYROIDITIS (PREAMBLE) 
The term thyroiditis implies that the disorders 
to be categorized herein are inflammatory 
processes involving the thyroid gland. How
ever, for some of the entities listed in Table 
9-1, it is not at all clear that inflammatory 
process is an appropriate designation, and 
some are included only for the sake of conven
ience. The etiology and pathogenesis of the 
diseases listed in Table 9-1 vary considerably 
and have little or no relationship with one 
another. 

Traumatic thyroiditis, thyroiditis associated 
with neoplasms, focal thyroiditis associated 
with nontoxic nodular goiter, amyloidosis of 
the thyroid, and radiation thyroiditis are not 
discussed. (For a review of these entities refer 
to the monograph by Li Volsi and LoGerfo.5) 

INFECTIVE THYROIDITIS (SUPPURATIVE 
THYROIDITIS) 

These conditions are caused by infective mi
croorganisms, excepting viruses. (Viral thy
roiditis is discussed in Chapter 10.) 

Infections of the thyroid gland by bacteria 
are rare; parasitic or fungal infections of the 
thyroid are so extremely uncommon as to be 
medical oddities. These infections may be sup-

Table 9-1 . Classification of Thyroiditis 
Infectious thyroiditis 

Bacterial fungal parasitic, and viral 
Subacute thyroiditis 

Subacute pseudogranulomatous (DeQuervain's) 
thyroiditis 

Subacute lymphocytic (painless) thyroiditis 
Autoimmune thyroiditis 

Hashimoto's thyroiditis 
Lymphocytic thyroiditis of childhood and 

adolescence 
Postpartum thyroiditis 
Chronic thyroiditis (fibrous variant) 
Idiopathic myxedema (atrophie thyroiditis) 
Atrophie asymptomatic thyroiditis 

Thyroiditis associated with other thyroid disorders 
Focal thyroiditis in nontoxic goiter 
Focal thyroiditis surrounding neoplasms 
Graves' disease 

Radiation thyroiditis 
Traumatic thyroiditis 

Including palpation thyroiditis 
Riedel's stroma 
Miscellaneous 

Sarcoid 
Amyloid 

Drug-associated thyroiditis 
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purative or nonsuppurative.2'6 Generally, the 
illness is acute, but it may be chronic or 
indolent, particularly in the case of fungal 
thyroiditis. Rare causes of infective thyroiditis, 
such as parasites or fungi, are dealt with else
where.2, 4 In this account, emphasis is on the 
bacterial infections of the thyroid. 

Bauchet1 first described acute inflammation 
of the thyroid in five patients in 1857. My 
experience now comprises 26 patients with 
suppurative thyroiditis seen over the past 25 
years. In the review of this experience, the 
disease was more common in women than in 
men, and there was no particular age inci
dence. Infection usually remained confined to 
one lobe but did become diffuse on occasion. 
The review of Berger and associates2 in 1983 
comprised 224 reported cases culled from the 
literature between 1900 and 1980. 

Etiology and Pathogenesis 

The organisms most commonly cultured from 
these lesions include Streptococcus hemolyti-
cusy Staphylococcus aureus, Pneumococcus, 
and coliform bacilli.2-4 A variety of other or
ganisms has also been reported, including Sal
monella, Mycobacterium (tuberculosis), Tre
ponema (syphilis), various fungi, Actinomyces, 
and various parasites.2- 3 Acute suppurative 
thyroiditis may occur as a complication of 
nearby bacterial infections by extension or may 
occasionally result from bacteremia secondary 
to a distant focus. The special routes by which 
infection may reach the thyroid gland include 
the blood stream, direct invasion from adja
cent structures, direct trauma, lymphatics, and 
persistent thyroglossal duct. Often, some ab
normality of the thyroid gland is found to be 
the focus upon which the infection develops. 
While the gland has shown itself to be resistant 
to infection by the hematogenous route, it is 
exceedingly difficult to implicate any other 
mechanism in many cases. In some patients, 
no source of infection can be demonstrated 
that might have been the cause of the thyroid 
infection.2^6 

Pathology 

Pathologic examination reveals the character
istic changes of acute inflammation with a 
heavy polymorphonuclear and lymphocytic 

cellular infiltrate in the initial phase often 
associated with necrosis and abscess formation. 
Once this happens, the pus usually dissects 
anteriorly through the ribbon muscles towards 
the skin. Occasionally, the abscess may move 
into the mediastinum or even rupture into the 
trachea or esophagus. Fibrosis is prominent as 
healing occurs.3'4 

In other instances, no abscess develops and 
spontaneous subsidence has been reported. 
Thrombophlebitis of the internal jugular vein 
may also occur. 

As mentioned previously, the process may 
involve the normal gland or may arise in a 
cyst, especially in a long-standing multinodular 
goiter.2-4'6 

Symptoms and Signs 

The dominant symptom is pain in the region 
of the thyroid gland, which may become en
larged, warm, and tender (Table 9-2). The 
patient is usually unable to extend the neck 
backwards and sits with the neck flexed in 
order to avoid pressure on the thyroid gland. 
There is considerable dysphagia in association 
with the lesion because of the painful swelling. 
The pain is often referred to the ear, the 
mandible, or the occiput on the side of the 
lesion. Moving the head also elicits severe 
pain. There are frequently signs of infection in 
structures adjacent to the thyroid, and lymph-
adenopathy in adjacent lymph nodes is com
mon. 

These local symptoms may have been pre
ceded by the sudden onset of malaise, fever, 
tachycardia, and chills. On examination, tem
peratures often vary from 38°C to 40.5°C. The 
pulse rate is constantly elevated. There is 

Table 9 -2 . Signs and Symptoms of Acute Bacterial 
Thyroiditis* 

Sign or Symptom No. of Patients (%)t 

Pain 66/67 (100) 
Tenderness 76/81 (94) 
Fever 106/115 (92) 
Dysphagia 62/68 (91) 
Erythema 56/68 (82) 
Dysphonia 27/33 (82) 
Local warmth 14/20 (70) 
Concurrent pharyngitis 35/51 (69) 
Cough 

*Reproduced from Berger, S. A., et al. (1983). Infectious 
diseases of the thyroid gland. Rev. Infect. Dis. 5 :108-
122, with permission. 
tFrom a literature review spanning 1900 to 1980. 
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swelling in the region of the thyroid, usually 
confined to one lobe and associated with ex
treme tenderness. On occasion, the whole 
gland may be involved. In later stages there 
may be redness over the involved area, and 
lymphadenopathy can be demonstrated. Fluc
tuation generally cannot be elicited because of 
the induration of the overlying tissues.2-46 

Laboratory Findings 

There is usually a polymorphonuclear leuko-
cytosis of moderate or marked degree. The 
patient usually remains euthyroid, with normal 
values of thyroxine and total serum triiodothy-
ronine throughout the illness, although occa
sionally there may be a mild increase in serum 
thyroid hormone concentrations consequent to 
the release of stored hormone from the in
flamed region into the systemic circulation. 
While the radioactive iodine uptake is gener
ally within normal limits, the involved area 
may not pick up the radionuclide well and thus 
appears as a "cold" area on scanning. An 
ultrasonographic examination may show what 
appears to be a cystic lesion or may appear 
"complex." Thyroid autoantibodies do not ap
pear during the course of the illness and were 
not present in any of our patients.2-46 

Diagnosis 

The diagnosis requires a high index of suspi
cion. It is not difficult to establish when all of 
the aforementioned manifestations are pres
ent. Certainly, if the signs of inflammation of 
the thyroid are associated with local redness, 
lymph node enlargement, a flexed neck, 
marked hyperpyrexia, and leukocytosis, acute 
suppurative thyroiditis must be excluded be
fore any other diagnosis can be considered. 
The condition must be differentiated from sub-
acute thyroiditis, which does not involve the 
neck structures and is usually associated with 
less pain. Moreover, thyroid function is char
acteristically altered in subacute thyroiditis. 
Nevertheless, these conditions may be difficult 
to differentiate from one another prior to the 
development of acute suppuration. 

At times, malignant neoplasms may develop 
focal necrosis and can mimic quite closely a 
primary pyogenic infection. When the mani
festations of infectious thyroiditis are more 

insidious, conversely it in turn can mimic thy
roid carcinoma. Infectious thyroiditis also can 
be mistaken for hemorrhage into a cyst of 
thyroid or chronic thyroiditis. Usually, the 
passage of time serves to make the correct 
diagnosis obvious, particularly with the pro
gression of pain, the appearance of or advance 
in swelling and redness in the thyroid region, 
and the onset of persistence of fever and 
leukocytosis. A lateral roentgenogram may 
also be useful in localizing the area of inflam
mation to the thyroid, and an ultrasonogram 
is also useful from this viewpoint.34 6 

Course and Management 

The course is generally a progressive one, with 
complications of rupture of the abscess, septi-
cemia, and thrombophlebitis as mentioned apt 
to develop unless adequate treatment is insti
tuted. Occasionally, the infection may subside 
spontaneously. 

Conservative measures include rest, local 
heat, and antibiotics. These may be successful 
but much depends on the identification of the 
infecting microorganism. Gram-positive cocci 
are common offenders, and appropriate anti
biotics have often proved to be effective. 

If an abscess develops and prompt response 
to antibiotics does not occur, incision and 
drainage are necessary. Sometimes partial lo-
bectomy must be performed for recurrent dis
ease. 

Unlike formerly, the prognosis is usually 
excellent when a patient is treated appropri
ately with antibiotic therapy as well as surgery 
when required. The lesions generally heal with 
reasonable speed, and recurrences are uncom
mon. Function of the thyroid remains intact if 
treatment is adequate and begun promptly.2-4 6 

CHROMIC INFECTION 

Chronic infection of the thyroid may result 
from a variety of organisms, although this 
event is exceedingly rare. Chronic pyogenic 
thyroiditis due to Salmonella typhosa has been 
reported, but generally chronic infections of 
the thyroid do not suppurate. Cases of syphilis, 
tuberculosis, and echinococcosis fall into this 
category. Actinomyces has also been reported 
several times as the organism responsible for 
an indolent and a frequently suppurative form 
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of thyroiditis, and these cases have generally 
responded to drainage and antibiotic therapy. 
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The term "subacute thyroiditis" has tradition
ally been utilized to describe those cases of 
primarily painful inflammation of the thyroid 
gland that are of probable viral etiology. In 
the following account, however, this term will 
be applied to two rather distinct forms of 
thyroid gland inflammation, both of which run 
courses lasting several weeks to several 
months. It is obvious that the term subacute 
thyroiditis connotes a temporal quality only 
and could conceivably apply to any inflamma
tory process of intermediate severity and du
ration. However, current usage excludes sev
eral forms of infectious thyroiditis (e.g., 
bacterial and fungal) from this category. Al
ternatively, it specifically includes a painful 
form of thyroiditis of probable viral etiology, 
referred to as DeQuervain's or pseudogranu-
lomatous thyroiditis as well as a painless form 
of thyroiditis, which may be called "subacute 
lymphocytic thyroiditis." The last term does 
not necessarily imply that there is always a 
relationship to chronic lymphocytic thyroiditis, 
as discussed subsequently. These disorders 
may sometimes be seen in males but are over
whelmingly seen in females. 

SUBACUTE PSEUDOGRAMULOMATOUS 
THYROIDITIS 
This form of thyroiditis appears to have been 
first described by Mygind, who described 18 
cases of "thyroiditis akuta simplex" in 1895.48 

However, DeQuervain's name has been tra
ditionally associated with this disorder; he ac
tually described the pathology of this condition 
twice, in 1904 and again in 1936.10' n The 
disorder has many synonyms, some based on 
misconceptions and thus rather misleading. 
These include acute simple thyroiditis, non-
infectious thyroiditis, viral thyroiditis, acute or 
subacute diffuse thyroiditis, granulomatous 
thyroiditis, struma granulomatosa, giant cell 
thyroiditis, pseudogiant cell thyroiditis, migra
tory "creeping" thyroiditis, and pseudotuber-
cular thyroiditis.76 As pointed out subse
quently, the "giant cells" or "granulomata," 
which may appear to be present if the patho
logic lesions are examined superficially, are 
not true giant cells or granulomata but only 
simulate such structures. 

Incidence 
The true frequency of this disorder has been 
difficult to determine. It certainly seems to be 
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not uncommon in parts of the temperate zone; 
it has been observed frequently in Canada, the 
northern regions of the United States, some 
parts of Great Britain, Japan, Israel, Argen
tina, Finland, and Sweden.76 In other parts of 
the world, however, it seems to be very rarely 
recognized. It occurs most commonly between 
the second and fifth decade and is rare in 
children, and females predominate in a ratio 
of about 6:1. 

Etiology 
The etiology of this disorder has yet to be 
finally settled. In past generations, the impor
tance of the prior occurrence of tonsillitis, 
pharyngitis, influenza, and other infectious dis
eases was stressed. Fraser and Harrison,19 how
ever, after excluding bacteria as causative fac
tors in 1952, first proposed the theory that 
viruses might be the cause of subacute thyroid
itis. However, the proof of this theory has 
remained elusive. 

A number of clinical aspects of the disease 
tend to resemble benign viral disease, as 
follows76: 

1. The disorder is often preceded by infection 
of the upper respiratory tract. 

2. There is often a prodromal phase charac
terized by muscular aches and pains, mal
aise, and fatigue. 

3. The illness may occur at the time of an 
outbreak of a specific viral disease. 

4. After some weeks or months, complete 
recovery is the rule. 

5. In many instances, there is no leukocytosis. 
(In some patients a moderate leukocytosis 
is indeed encountered, as in some acute 
viral infections.) 

During the course of a mumps epidemic in 
Israel, 11 patients suffering subacute thyroidi
tis were discovered, who, despite the lack of 
clinical evidence of mumps, had circulating 
antibodies to the mumps virus.15 In two of 
these patients, the mumps virus was grown 
from thyroid tissue obtained at biopsy.15 More
over, subacute thyroiditis has been recorded 
in association with mumps in four further re
ports.17 '30 ' **'65 Subacute thyroiditis has addi
tionally been reported in association with mea
sles,5, 45 '57,59 influenza,59 the common cold,29 

adenovirus,46 infectious mononucleosis,18'29,76 

Coxsackie virus,41 myocarditis,62 cat scratch 
fever,63 and St. Louis encephalitis.20 A virol
ogie study in 28 patients with subacute thyroid

itis in 1975 resulted in the isolation of a cyto-
pathic virus in five patients that might have 
been of pathogenic significance.66^68 It is curi
ous, however, that viral inclusion bodies have 
never been observed in sections of the thyroid 
glands obtained during the course of this dis
order.4956 

Studies of viral antibodies in patients with 
subacute thyroiditis who have no evidence of 
specific viral disease have shown various com
mon viral antibodies, including Coxsackie, ad
enovirus, influenza, and mumps.81 In one 
study, Coxsackie viral antibodies were most 
commonly found, and the changes in their 
titers mostly approximated to the course of the 
disease.81 The presence of significant titers of 
these viral antibodies may, however, indicate 
merely an anamnestic response to the inflam
matory thyroid lesion, rather than a specific 
viral infection. Alternatively, they may reflect 
the possibility that any one of a variety of 
viruses may prove to be an etiologic agent. 
Subacute thyroiditis, therefore, may represent 
a stereotyped thyroidal inflammatory response 
to any one of a variety of viruses. 

The malady has also been related to certain 
nonviral infections, such as Q fever61 and ma
laria.60 Furthermore, epidemics of subacute 
thyroiditis have been described. 

Autoimmunity does not appear to play a 
role in the pathogenesis of subacute thyroidi
tis.76 Significant levels of thyroid autoantibod-
ies are found in a variable number of patients 
with subacute thyroiditis in the early phase; 
even in those patients, the presence of anti
bodies is generally transitory, and the antibod
ies have usually disappeared several months 
after the onset of the condition.14'42 76 The 
transient phase of hypothyroidism correlated 
with the presence of microsomal antibodies, 
although this was not true for the rare devel
opment of permanent hypothyroidism.42 

Of interest has been the finding of an anti
body to the thyroid-stimulating hormone 
(TSH) receptor by a few workers during the 
early phase of either the classic subacute thy
roiditis or the silent form.26'71,72 The method 
employed in those studies was the radiorecep-
tor assay, in which the antibody (thyrotropin 
binding inhibitory immunoglobulin, TBII) pre
vents the binding of TSH to thyroid cell mem
branes.47 This assay, however, does not meas
ure the ability of the antibody (thyroid 
stimulating antibody, TSAb) to stimulate thy
roid cells.77 Because there was a good corre
lation between the presence of TBII and the 



SUBACUTE THYROIDITIS 181 

hyperthyroid phase of the disorder in one 
study, the investigators suggested that the an
tibody might be pathogenetically related to the 
hyperthyroidism that occurs in thyroiditis.26 

However, in most studies, no correlation is 
found between the presence or absence of this 
antibody and thyroid status.71,72 The test result 
was positive in some patients in the hyperthy
roid phase, and negative in others; when pos
itive, it ultimately became negative without 
regard to the status of thyroid function. In 
studies carried out in our own laboratory, TBII 
was found to be positive in one of five patients 
with subacute thyroiditis; when the same sam
ples were measured in an assay system of 
thyroid stimulation, i.e., generation of cAMP, 
the results were negative, i.e., there was no 
stimulation of the thyroid cells.72 From these 
studies, three following points may be made: 
1. In some patients with subacute thyroiditis, 

or painless thyroiditis, TBII may appear in 
the early phase. 

2. In at least one study in which thyroid stim
ulation was also measured, the same anti
body did not cause stimulation. 

3. In all instances in which it had been found, 
the antibody then disappeared within sev
eral weeks and did not relate to thyroid 
status. 

It thus seems that this antibody is generally 
not a TSAb; it is merely an antibody to the 
TSH receptor that is not stimulatory. Further
more, since its presence or absence does not 
closely correlate with the hyperthyroid phase 
of the condition, it is not pathogenic. The 
antibody probably represents a secondary and 
appropriate immune response to the liberation 
of antigen and is, thus, another thyroid au-
toantibody running a course similar to that just 
described. 

Evidence of cell-mediated immunity has 
been studied in a few laboratories.14-76 The 
evidence indicates transient sensitization of T 
lymphocytes against thyroid antigen. Antigen-
reactive T lymphocytes have been shown to be 
present within the thyroid gland in large num
bers in this disorder.75 Although the percent
age of T lymphocytes in the peripheral blood 
has been shown to be low in subacute thyroid
itis,83 the number of Fc receptor-bearing blood 
mononuclear cells is elevated.6 These findings 
may represent nonspecific or specific responses 
to the inflammatory process or to the thyroidal 
antigenic release. This T lymphocyte sensiti
zation, similar to the humoral response previ

ously discussed, is transitory and almost cer
tainly also represents another element of the 
appropriate secondary immune response to the 
inflammatory release of antigen. 

An association between the painful type of 
subacute thyroiditis and HLA-Bw35 has been 
found in whites2'4'4353'54 and in the Chinese.89 

This genetic relationship may indicate a partic
ular susceptibility to viral infections of the 
thyroid in these populations.73 However, the 
precise significance of this association is not 
yet clear. It is of interest that in the Japanese, 
Graves' disease is associated with an increased 
incidence of HLA-Bw35.77 However, in whites 
with Graves' disease, the increase in the HLA 
B locus is HLA-B8 not HLA-Bw35, and thus 
the finding of an increased incidence of HLA-
Bw35 of about 72% in whites with subacute 
thyroiditis does not relate in any way to the 
increased incidence of the same marker in the 
Japanese with Graves' disease.77 

In any event, there is no association with 
other autoimmune diseases and it is very rare 
for this condition to progress to either Hashi
moto's or Graves' disease, both now consid
ered related autoimmune disorders.77 There 
have been a few cases in which such evolution 
has taken place, but the incidence is extremely 
small. Werner85 has reported a case of painful 
thyroiditis that progressed to Graves' disease 
and has reviewed the literature in 1979. He 
argues that such inflammatory lesions of the 
thyroid with antigenic alteration may initiate 
Graves' disease. Because this development oc
curs so rarely and Graves' disease usually 
occurs de novo, this possibility seems very 
remote; subacute thyroiditis may therefore oc
casionally act only as a nonspecific stress in 
precipitating hyperthyroidism.77 

Thus, autoimmune phenomena in subacute 
thyroiditis appear to be secondary to the re
lease of antigenic material from the thyroid, 
and they are almost certainly not related to 
the pathogenesis of this disease. Furthermore, 
from these observations, it would appear un
likely that viral inflammation with thyroidal 
antigenic change is a causative factor in either 
Hashimoto's thyroiditis or Graves' disease.77 

Pathology 
The thyroid gland is often found to be slightly 
adherent to adjacent structures, but aside from 
occasional minimal adhesions it may be freed 
from these without difficulty.1' 14>27'76 This point 
is useful in distinguishing subacute thyroiditis 



182 THYROID DISORDERS 

from Riedel's struma. Microscopically, the 
process often commences with extensive cel
lular destruction and desquamation (Fig. 10-
1). The follicular cells sometimes virtually dis
appear, leaving a fragile and fine follicular 
lining. Neutrophils appear to enter the follicles 
initially, followed by large mononuclear cells 
and lymphocytes. The follicles then appear 
much larger than normal, with disruption of 
the epithelial lining; some of the surviving 
follicular cells appear hyperplastic. Histiocytes 
tend to congregate around masses of colloid, 
both within the follicles and in the interstitial 
tissue, producing "giant cells." These, of 
course, are not true giant cells (pseudogiant 
cells), but on superficial inspection do resem
ble giant cells. An unpublished study from our 
laboratory has shown that these "cells" invar
iably consist of masses of colloid surrounded 
by large numbers of individual histiocytes. 
Since some of the colloid extravasates into the 
interstices, these pseudogiant cells are also 
seen in the interstitial tissue. There is consid
erable edema with histiocytes and lymphocytes 
in the interstitial tissues. This process is often 
irregularly distributed within either lobe of or 
throughout the thyroid gland. With recovery, 
the inflammatory reaction begins to recede, 
and a variable amount of fibrosis may then 
occur. Areas of follicular regeneration may 
appear, but there is no caseation, hemorrhage, 
or calcification. Aside from some residual fi
brosis, the degree of recovery is almost always 
complete. Only in rare instances is there com
plete destruction of the thyroid parenchyma, 
leading to permanent hypo thy roidism. Viral 

inclusion bodies have not been demonstrated 
in the few electron microscopic studies that 
have been reported.1 There is, however, 
marked thickening of the basement membrane 
and some evidence to suggest increased cellu
lar activity, although there are no apical pseu-
dopods with colloid droplets that are seen after 
TSH stimulation.1 The pathology of the "pain
less" form of thyroiditis will be considered 
separately (see Subacute Lymphocytic Thy
roiditis). 

Clinical Manifestations^ 14 23 70 76 

This disorder may be preceded by a prodromal 
phase with malaise and feverishness or by an 
upper respiratory tract infection. There is con
siderable variation in the mode of onset and 
the severity of the disease. Pain in the region 
of the thyroid gland may be lacking altogether 
or may be moderate or severe. Likewise, there 
may be little or no tenderness or, conversely, 
the tenderness might be exquisite. The thyroid 
gland may be of normal size but usually is 
moderately enlarged, quite firm, and tender. 
Rarely is the thyroid more than twice the 
normal size. One or other of the lobes may be 
involved or the symptoms may commence in 
one lobe and "creep" to the opposite lobe 
("creeping thyroiditis"). Fever may reach as 
high as 40°C, and the systemic reaction may 
be minimal or marked. In former years many 
of the patients who exhibited few or no local 
symptoms aside from the presence of a goiter 
underwent surgical thyroidectomy, and the di-

Figure 10-1 . Pathology of sub-
acute thyroiditis. Mote the se
vere destruction of the thyroid 
follicle, with the remaining col
loid being surrounded by large 
numbers of histiocytes giving a 
picture of a giant cell (pseudo
giant cell). There is also marked 
interstitial edema with a cellular 
infiltration and considerable de
struction of the thyroid paren
chyma. 
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agnosis was made only by examination of the 
pathologic specimens.2578 

When patients complain of pain in the region 
of the thyroid gland, they can usually localize 
it well to the region of the thyroid, over one 
or both lobes. They may inadvertently describe 
their symptoms as a "sore throat," but under 
appropriate questioning one will recognize that 
the pain is not within the pharynx. The pain 
typically radiates from the thyroid region up 
to the angle of the jaw to the ear on the 
affected side or sides. The pain may also 
radiate to the anterior part of the chest or may 
be centered only over the thyroid itself. 
Coughing, swallowing, or turning the head 
may aggravate the pain; many patients are 
aware of tenderness and thyroid swelling in 
the same region. 

Systemic symptoms are common, although 
occasionally patients have local but no systemic 
symptoms. Most commonly, patients complain 
of malaise, fatigue, myalgia, and mild feverish-
ness. In addition, many complain of mild or 
moderate nervousness, tremulousness, some 
weight loss, intolerance to heat, and rapid 
heart beat. 

On physical examination, most patients ap
pear flushed and uncomfortable, although usu
ally not seriously ill. Fever may be absent or 
may reach as high as 40°C. The thyroid gland 
is characteristically only slightly to moderately 
enlarged with one lobe being larger than the 
other. If the thyroid gland is much larger than 
this, the diagnosis of subacute pseudogranu-
lomatous thyroiditis should be considered un
likely. The consistency of the involved lobe, 
or sometimes both lobes, is usually quite firm 
to hard, and tenderness may be very marked 
or even exquisite in the involved area. Even 
after the tenderness subsides, the goiter may 
maintain its size and consistency for several 
weeks. Occasionally, however, tenderness may 
be minimal or absent. Cervical lymphadenop-
athy is rare. Physical signs of mild to moderate 
hyperthyroidism are often present. A history 
of pre-existing goiter is found in about 8 
to 16% of patients with subacute thyroidi
tis.23'76'78 

SUBACUTE LYMPHOCYTIC THYROIDITIS 
(SILENT OR PAINLESS THYROIDITIS) 

The condition of subacute lymphocytic thy
roiditis (silent or painless thyroiditis) is not 
fully understood, and it indeed may be clini
cally homogeneous but etiologically heteroge

neous. Even in reports of over two decades 
ago, it was noted that some patients with 
subacute thyroiditis suffered no pain or ten
derness.79 Indeed, in some glands removed 
surgically for painless goiter, histologie exam
ination revealed the "classic" appearance of 
DeQuervain's thyroiditis.25 78 In recent years, 
however, the number of patients with painless 
thyroiditis seems to have markedly increased. 
Moreover, certain features of the disorder are 
clearly different from the painful form of thy
roiditis. Primarily, while the pathologic picture 
in a few of these patients does not differ from 
the classic form,2578 in most biopsy specimens 
obtained during the course of this painless 
disorder, lymphocytic infiltration predomi
nates.12, 50'51 The question of the relationship 
of this entity to autoimmune thyroiditis is 
discussed further. 

Painless thyroiditis is now generally recog
nized clinically by the patient's presentation of 
symptoms and signs simulating hyperthyroid
ism.1250-52 In fact, this disorder may represent 
about 15% of all hyperthyroid patients in 
North America, and it must be kept in mind 
as an important cause of hyperthyroidism.50 51 

There are certain clinical features that may 
suggest such a diagnosis. The history is usually 
of short duration, eye signs are absent, the 
clinical signs of hyperthyroidism may be mild, 
and there may be only moderate or no enlarge
ment of the thyroid gland. 

The laboratory test findings are, for the most 
part, identical to those found in painful thy
roiditis (see subsequent discussion). As antic
ipated by the clinical manifestations, the serum 
T4, T3, T3 resin uptake, and free T4 are ele
vated.50-52 Unlike Graves' disease, the T3/T4 
ratio is not increased.84 Moreover, the 131I, 123I, 
or technetium thyroidal uptake is very low.50-52 

Thus, it is essential to perform uptake proce
dures in cases of clinical hyperthyroidism in 
areas where this condition is common, so as 
to avoid making an erroneous diagnosis of 
Graves' disease with consequent mismanage
ment. Plasma thyroglobulin level is also ele
vated, thus distinguishing the syndrome from 
surreptitious thyroxine ingestion. 

There are, however, some differences in the 
results of laboratory procedures between pain
ful and painless thyroiditis. In the painful va
riety, the sedimentation rate is almost invari
ably, markedly elevated,1'14'23'42'70'76'79 whereas 
in the painless variety, the rate may be normal 
or only slightly above normal.50-52' 86 The 
plasma thyroglobulin level is much higher in 
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the painful group.34 Thyroid autoantibodies 
appear in about half of the patients with pain
ful thyroiditis, although rarely do they reach 
high titers14' 42' 76' 81; in the painless variety, 
thyroid autoantibodies are often not detectable 
by ordinary serologie techniques, at least in 
most of the patients in whom the disease is not 
related to pregnancy, although such antibodies 
have been found by sensitive radioassays.87 In 
comparison, post-partum thyroiditis is associ
ated with significant thyroid enlargement and 
the presence of thyroid autoantibodies, and it 
may represent a different etiology from the 
form of the condition seen without the rela
tionship to pregnancy (see subsequent discus
sion). 

The course of the painless form of thyroiditis 
is very similar to that in the painful form and 
is discussed further. However, in the painless 
form, the course seems to be shorter, lasting 
several weeks rather than several months. The 
type and results of management of the two 
forms of thyroiditis differ and are discussed 
subsequently. 

It may be emphasized that whereas this 
"atypical," painless form of thyroiditis once 
seemed uncommon, it now constitutes about 
40% of all cases of "subacute" thyroiditis. In 
fact, it is likely that not all patients with this 
condition have a hyperthyroid phase, and thus 
the disorder may be far more common than is 
clinically evident. 

RELATIONSHIP OF PAINLESS (SILENT) 
SUBACUTE LYMPHOCYTIC THYROIDITIS 
TO CHRONIC AUTOIMMUNE 
THYROIDITIS 
It has been suggested that painless subacute 
thyroiditis is a new form of transient hyperthy-
roidism; in fact, this condition has been ob
served for many decades.79 It is nevertheless 
true, as noted, that the number of such cases 
seems to have markedly increased; moreover, 
certain features of this variant are clearly dif
ferent from the painful form of subacute thy
roiditis. 

In most biopsy specimens obtained during 
the course of this painless disorder, lympho-
cytic infiltration predominates. This finding has 
led some workers to the conclusion that this 
malady represents an unusual form of chronic 
lymphocytic thyroiditis.86 However, only about 
a third of the biopsy specimens show evidence 
of Hiirthle cells, which when present are gen
erally infrequent as well.5051 Fibrosis is usually 

absent or minimal. These last two features are 
certainly unlike chronic lymphocytic thyroidi
tis, in which Hiirthle cells and fibrosis are 
common features. Moreover, the condition 
generally goes on to a full histologie recovery, 
leaving virtually no trace after several months 
in those cases unrelated to pregnancy.31 

Moreover, thyroid autoantibodies are often 
undetectable in this condition when unrelated 
to pregnancy by ordinary serologie techniques, 
although such antibodies have been detected 
by radioassay.12 There is, however, a discrep
ancy between the serologie procedures for thy
roid antibodies and the findings by radioassay, 
which may be a result of interference by 
excessive amounts of thyroglobulin liberated 
during the course of the thyroiditis, giving 
artefactual levels of antithyroglobulin by ra
dioassay.77 Thus, there is no certainty that 
there are significant thyroid autoantibodies ap
pearing often in this entity. 

The HLA typing in this condition differs 
from that of classic painful thyroiditis and 
differs from that of Hashimoto's thyroiditis. In 
one study of patients with silent thyroiditis 
unrelated to pregnancy, there was no particular 
HLA type,16 whereas in the painful form of 
subacute thyroiditis, HLA-Bw35 predomi
nated.4' 43' 53, 54 Conversely, in one study of 
post-partum thyroiditis, there appeared to be 
an increased incidence of HLA-DR5, similar 
to that seen in Hashimoto's thyroiditis.16 This 
finding has been disputed by Jansson and 
colleagues35 who have found an increased in
cidence of HLA-DR4 in post-partum thyroid
itis. 

It would thus appear that when silent thy
roiditis occurs in no relationship to pregnancy, 
it does not usually represent chronic autoim
mune thyroiditis, since thyroid enlargement is 
minimal or lacking, thyroid autoantibodies are 
often not present or present in very low titer, 
and recovery is quick and complete.31 While 
the etiology of this condition is not clear, it 
still may be a variant of subacute (De-
Quervain's) thyroiditis in persons who are ge
netically different and thus respond variously 
to the viral or other etiologic agent. It must 
be conceded, however, that the etiology is 
simply unknown at the present time. 

It is, however, probable that the form of 
silent thyroiditis seen commonly in the post-
partum period is indeed autoimmune in na
ture, despite the fact that it resembles the 
aforementioned form of painless thyroiditis, 
both clinically and pathologically. The possible 
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autoimmune nature of post-partum thyroiditis 
is discussed in Chapter 11. 

At the present time, therefore, I believe that 
painless silent thyroiditis may be etiologically 
heterogeneous, albeit clinically homogeneous. 
At least in those patients in whom there is no 
relationship to pregnancy, there does not ap
pear in most cases, at least, to be any demon
strable relationship to autoimmune processes. 
My current conception, therefore, is that while 
the histologie appearance of these cases does 
seem similar to chronic autoimmune thyroidi
tis, at least in those instances where there is 
no relationship to pregnancy, there is probably 
some other etiologic explanation. Many ob
servers have not seen fit to categorize cases in 
this manner, and this lack of definition has 
undoubtedly led to the confusion that has 
marked this subject. 

Course of the Disease 
As noted previously, the course of subacute 
thyroiditis is quite variable.1' 14' 23' 70' 76 The 
average duration for the painful variety is 
approximately 2 to 5 months, although the 
duration is shorter for the atypical painless 
disorder.50"5286 Moreover, in about one fifth of 
patients, recurrences tend to prolong the 
course. 

A clinical state simulating hyperthyroidism 
is initially present in approximately half of the 
patients with pain.1 '14 '23 '70 '76 There is no way 
of knowing what the proportion of hyperthy
roidism is in the painless variety, since those 
patients who are not hyperthyroid could not 
be diagnosed. With progression of the disease 
in either the painful or painless form, complete 
depletion of the colloid stored within the thy
roid gland may be caused by continuous leak
age of the colloid into the interstitial tissue. 
The result is the virtual failure of formation of 
new thyroid hormone, because of the disrup
tion of the thyroid parenchyma.79 If the disease 
is severe or prolonged enough, a phase of 
transient hypothyroidism will appear and may 
persist for several weeks or months.114 '23 '7076 ' 
79, so w i t h r e c o v e r y ? the thyroid gland is finally 
repleted with colloid and thyroid function is 
restored. Such transient hypothyroidism is 
seen in about up to 56% of the patients, 
particularly if a thyrotropin-releasing hormone 
(TRH) test is utilized to detect some of the 
previously undetected subclinical cases (Fig. 
10-2).42 

It is a rare event for a patient with subacute 
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figure 10-2. Laboratory values from a typical case of 
subacute (DeQuervain's) thyroiditis (T4 = thyroxine; 
T3 = triiodothyronine; Upt 131I = 24-hour radioactive io
dine uptake; ESR=erythrocyte sedimentation rate; 
Tg = thyroglobulin; ATg = antithyroglobulin; AM = anti-
microsomal antibody; and MIF = migration inhibition 
factor). Note the proportionate elevation of serum T4 
and T3 at the outset followed by a fall to subnormal 
levels, the hypothyroid phase lasting approximately 2 
months. The 24-hour radioactive iodine uptake was 
initially very low, rose only slowly, but eventually 
became supranormal 6 months after the initial visit. 
It returned to normal some time after the serum T4 
and T3 had become normal. Serum Tg however re
mained elevated throughout this period although after 
1 year it had returned also to normal. There were 
transient elevations in ATg and MIf in response to 
thyroid antigen, falling ultimately back to normal. 
While prednisone therapy rapidly ameliorated the clin
ical signs and symptoms, it did not prevent the evo
lution of these changes. 

thyroiditis to progress to permanent myx-
edema.1·14 '33 '42 '70 ' 76>79 The progression may be 
due to complete destruction of the thyroid 
gland with consequent complete fibrosis; in 
even more rare instances, the disorder may 
culminate in autoimmune thyroiditis associated 
with hypothyroidism. A few patients have de
veloped hyperthyroidism after recovery from 
subacute thyroiditis.14'76'85 The nature of this 
sequence is unknown, but it is possible that 
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the thyroid inflammation may have acted as a 
nonspecific stress in inducing the subsequent 
autoimmune hyperthyroid state.77 

Thyroid function undergoes dynamic 
changes consequent to the pathologic process. 
Initially, the inflammatory destruction of the 
thyroid gland results in marked leakage of 
colloid from the damaged follicles into the 
interstices and then into the circulation and 
includes a variety of iodinated materials—pro
teins, proteases, peptides, and amino acids.80 

This process results in an increased protein 
bound iodine (PBI) concentration.11476 

Although there is often an increase in serum 
T4 and T3, resulting from cleavage of the 
thyroid hormone from the discharged colloid, 
the remainder of the PBI not accounted for by 
the discharge of the hormones is a result of 
the discharge of iodoproteins, such as 
thyroglobulin34 and iodoalbumin. In any event, 
the increase in serum T4 and T3 consequent to 
the thyroid inflammation accounts for the man
ifestations of hyperthyroidism.1'7'14'21-38'76 It is 
curious, however, that the levels of T3 are less 
elevated in this form of hyperthyroidism than 
in Graves' disease.38,84 This situation may ac
count for the mildness of the clinical manifes
tations of hyperthyroidism in both painful and 
painless thyroiditis. In Graves' disease, in ad
dition to the T3 produced by the peripheral 
monodeiodination of T4, the stimulated thy
roid cells produce disproportionate amounts 
of T3, which then are secreted into the circu
lation.78 In comparison, in subacute thyroiditis, 
only preformed thyroid hormones, in normal 
proportions, are discharged. 

The fall in plasma T4 is exponential during 
the first week.21 This phase of hyperthyroidism 
can continue only until the gland reaches a 
stage of depletion of preformed colloid—a 
stage that can last only several weeks at best. 
The plasma thyroglobulin, however, may re
main elevated long after all other evidence of 
the inflammation has subsided.34 

At the same time, the damaged thyroid 
follicular cells are incapable of functioning 
effectively and, thus, cannot trap iodine; there
fore, the 24-hour radioactive iodine uptake is 
characteristically suppressed to values in the 
order of 0 to 1%Λ7'14'2h38'76 Even if only part 
of the gland is involved, the uptake may be 
similarly depressed as a result of suppression 
of pituitary TSH due to the elevated levels of 
thyroid hormone.40 This condition explains the 
apparent paradox of a high serum PBI, T4, or 
T3, with a very low radioactive iodine uptake, 

a characteristic set of findings in the early 
phase of subacute thyroiditis.1'714'21'38'76 Under 
these circumstances, very minimal hormone 
biosynthesis persists and what is produced 
leaks out.32 

In the early stages of the disease, the scans 
of the thyroid gland reveal a patchy and irreg
ular pattern of distribution of the tracer or no 
uptake whatever.24'40 Measurements of serum 
TSH are usually undetectable at this stage, 
because of the high concentrations of thyroid 
hormones.21 '36 '38 In addition, there is dimin
ished TSH response to TRH in this phase.3 9 

20,37,38,69,84 Generally, perchlorate or thiocya-
nate administration does not release excessive 
amounts of iodine from the gland133239; large 
doses of TSH may cause a rise in the radioac
tive iodine uptake, but only when there are 
some uninvolved parts of the gland.40 

Most commonly, there is no rise in the 
radioactive iodine uptake after exogenous TSH 
injection during the first weeks of the disease, 
indicating that the impairment of the thyroid 
cell remains a crucial factor in the disturbance 
of the iodide concentrating mechanism.13 Ra
dioactive iodine uptake may remain sup
pressed for 6 weeks or more after the onset of 
symptoms.80 The suppression indicates the 
complete blocking of the various stages of 
intrathyroidal metabolism during this interval. 
If recovery of cellular function is prolonged, a 
phase of transient hypothyroidism may appear, 
which may last for months.14'42'7476 This phase, 
associated with an elevated TSH level, is seen 
in about 25% of patients. Ultimately, recovery 
is the rule, and conversely permanent myx-
edema is uncommon (about 5%).42 There may 
be a lag between the reestablishment of the 
iodide-concentrating process within the thyroid 
and the resumption of hormonal synthesis, 
secretion, and repletion within the gland.36 

The erythrocyte sedimentation rate is char
acteristically markedly elevated in the painful 
form of thyroiditis, often to about 100 mm/ 
hour1' 14 '23 '70 '76; if the sedimentation rate is 
normal in the painful form, the diagnosis 
should be suspected. In the painless form, 
however, the sedimentation rate may be nor
mal or minimally elevated.86 The leukocyte 
count is usually normal but has been reported 
as high as 18 x 109/L in the painful variety.1,76 

An increase in alpha-2-globulin is a nonspecific 
inflammatory response.64 The alkaline phos-
phatase and other hepatic enzyme levels may 
be elevated in the early phase.8 Thyroid auto-
antibodies appear in a minority of patients 
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some weeks after onset, usually reach only 
modest titers, and decline to zero after several 
months.14'42,76 In the painless variety unrelated 
to pregnancy, serologie findings for thyroid 
antibodies are usually negative, although ra-
dioassay findings for antithyroglobulin have 
been reported to be positive.87 The significance 
of these findings has been discussed. The ap
pearance of antibodies directed against the 
TSH receptor was discussed previously. 

Diagnosis 
In a patient with fairly typical manifestations, 
the diagnosis of subacute thyroiditis should 
present no difficulties. Nevertheless, pharyn
gitis is a common misdiagnosis in the early 
stages, since "sore throat" is a characteristic 
complaint.79 However, when the pain is pre
cisely localized in the anterior neck area, as
sociated with swelling and tenderness of the 
thyroid gland itself, together with prolongation 
of the complaint to months, the physician 
should be led to the correct diagnosis. 

A small percentage of patients with Hashi
moto's thyroiditis may have painful tender 
thyroid enlargement, which may be indistin
guishable initially from subacute thyroiditis.76 

However, the uptake of 131I is rarely as com
pletely suppressed as in the early stages of 
subacute thyroiditis and may be elevated; also, 
the titers of thyroid antibodies are usually high 
enough to suggest the presence of chronic 
thyroiditis. 

Initially, acute suppurative thyroiditis may 
be difficult to distinguish from subacute thy
roiditis.76 However, definite clinical signs of 
suppuration soon are evident. Another disor
der often mistaken for subacute thyroiditis is 
globus hystericus. The patient complains of a 
sense of pressure or a feeling of a "ball" or 
"lump" in the throat. The patient may have 
mild tenderness, but this proves to be diffuse 
and is not associated with any tender thyroid 
enlargement. 

Rapidly growing anaplastic carcinomas of 
the thyroid may be associated with severe pain 
and tenderness within the thyroid,58 but the 
large size of the malignant goiter, the usual 
adherence to adjacent structures, the lymph-
adenopathy, and the characteristic course soon 
lead to the correct diagnosis. 

Occasionally, patients with painful subacute 
thyroiditis are diagnosed as suffering from hy-
perthyroidism in the early phases, and indeed 
some patients with true hyperthyroidism may 

have a mildly tender thyroid gland.1 The pres
entation is that of clinical hyperthyroidism in 
the painless variety. It should be emphasized 
that this possibility must be kept in mind when 
patients are suffering from hyperthyroidism in 
areas of high prevalence of subacute thyroidi
tis, and appropriate tests must be carried out 
to establish the correct diagnosis. Factitious 
hyperthyroidism is an important differential 
diagnosis, but is associated with a low serum 
thyroglobulin level. While painless thyroiditis 
associated with goiter has also been diagnosed 
in euthyroid persons, most usually by retro
spective histologie examination of an excised 
goiter, it is almost certain that many patients 
with painless thyroiditis with small glands must 
escape detection. 

Later, during the hypo thyroid phase, 
through which some patients pass, a diagnosis 
of permanent hypothyroidism may be made.79 

When local symptoms have subsided, palpa
tion of the firm goiter may suggest diagnoses 
such as colloid goiter, nodular goiter, thyroid 
adenoma, carcinoma of the thyroid, and even 
Riedel's struma and may lead erroneously to 
surgery.79 

Therapy 
There is no definitive therapy for painful sub-
acute thyroiditis, but the use of corticosteroids 
has proved to be valuable in the treatment of 
the vast majority of patients.1 '14 '23 '70 '76 The 
clinical response is rapid, often with relief of 
symptoms within 24 hours. Corticosteroids are 
highly effective in relieving symptoms and do 
not appear to alter the basic disease process. 
Presumably, corticosteroids act by suppressing 
the inflammatory response and by allowing the 
basic disease process to run its now subclinical 
course. 

Generally, prednisone or a similar analogue 
is prescribed. It is necessary to start with 
pharmacologie dosages, e.g., 10 mg four times 
daily; the dosage is then slowly reduced over 
approximately 1 month and can be discontin
ued in most instances thereafter. However, as 
the dosage is decreased, there are recurrences 
in about 20% of patients that necessitate the 
restoration of a higher dose. It is sometimes 
necessary to give repeated courses of treatment 
before ultimate recovery. The development of 
viral and thyroid antibodies does not appear 
to be affected by this form of therapy. In most 
instances, however, exacerbations do not oc
cur, and patients go on to full recovery. 
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Triiodothyronine has been reported to bring 
about rapid relief of symptoms in the acute 
phase,28 84 but in my experience this does not 
appear to be of benefit if the patients are 
chemically hyperthyroid at the time of therapy. 
However, in the event of repeated exacerba
tions, the addition of thyroxine or triiodothy
ronine to the therapeutic regimen may often 
result in considerable benefit and appears to 
prevent further recurrences.1 '14 '23 '70 '76 It may 
be that, in these instances, endogenous TSH 
is playing some role in maintaining the disor
der, and indeed there are a few reports in 
which exogenous TSH has either aggravated 
or precipitated thyroiditis.23 

Irradiation was a popular form of therapy 
for subacute thyroiditis in past decades.14 '7679 

Doses varied between 200 and 2000 rads, al
though it was reported that doses in the order 
of 200 to 400 rads were quite effective. Never
theless, there was a failure rate of about 25%, 
and the response was considerably slower than 
with corticosteroids and certainly less predict
able. In the past two decades or more, this 
therapy has not been employed to any degree. 
Moreover, in view of the major concern about 
the effects of low-dose radiation in inducing 
late thyroid carcinoma, such therapy is con-
traindicated.82 

Salicylates, phenylbutazone, and propoxy-
phene have frequently been administered with 
good success.1 13' 14 76 In my view, however, 
such agents are effective only in the milder 
cases of this disease and are much less potent 
and predictable than corticosteroids. 

Antibiotics are generally useless. Thiouracil 
and thyrotropin have been reported to exert 
beneficial effects by some workers, but such 
agents have not found general favor.23 The 
high incidence of postoperative myxedema has 
discouraged thyroidectomy as treatment for 
subacute thyroiditis, and since recovery is the 
general rule thyroidectomy almost never needs 
to be recommended.23 However, the rare com
plication of a very prolonged course with mal
aise and local distress continuing almost indef
initely may justify thyroidectomy, which will 
often then result in relief.14 

Such measures as are outlined above need 
not be employed in the treatment of painless 
thyroiditis. In this condition, it is necessary 
only to treat symptomatically those manifes
tations related to the excess release of thyroid 
hormones. Thus, propranolol in modest dos
ages is quite useful.50-52-86 Since the course is 
generally more rapid than in the more classic 

form, the medication can usually be withdrawn 
after a few weeks. It is rarely necessary to 
employ any further form of therapy.52 

After complete recovery, late recurrences 
are rare in the painful form of the disease. 
However, it is not uncommon to have the 
painless variety recur months or even years 
later. It has been noted that this condition may 
appear following pregnancy. The painless form 
varies in its outcome. While most patients 
recover completely and easily, those patients 
whose condition is due to autoimmune proc
esses may suffer recurrences or may go on to 
permanent goiter and hypothyroidism, thus 
requiring thyroxine therapy. 
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Autoimmune 
Thyroiditis 

ROBERT VOLPE 

The prototype of autoimmune thyroiditis, i.e., 
struma lymphomatosa (Hashimoto's thyroidi
tis), was first described by Hashimoto in 1912.34 

He reported four patients with goiter in whom 
the histology of the thyroid was characterized 
by diffuse lymphocytic infiltration, atrophy of 
the parenchymal cells, fibrosis, and eosino-
philic change in some of the parenchymal cells. 
While this condition as described remains com
mon, there are several variants that differ 
slightly from the prototype (Table ll-l) .3 7 In 
the "chronic fibrous" thyroiditis variant, fibro
sis predominates and lymphocytic infiltration 
is less marked. In lymphocytic thyroiditis of 
childhood and adolescence, fibrosis, Askanazy 
cells, and germinal centers are less obvious 
than in adulthood. The titers of thyroid auto-
antibodies are generally lower in this category 
when compared with those in adults and in
deed are often negative.50 Postpartum thyroid
itis is often a transient form of autoimmune 
thyroiditis, occurring during the course of a 
more occult disorder; it may indeed culminate 
in a chronic form.12 In "idiopathic myxedema" 
the gland is characterized by atrophy rather 
than hypertrophy. The atrophie asymptomatic 
form is clinically occult and often discovered 
at autopsy.4 There appear to be several genetic 
and pathogenetic differences between these 
variants. However, the variants appear to 
share at least a similar pathogenesis; the term 
"autoimmune thyroiditis" should thus be used 
as a generic term for this group. 

In past generations, Hashimoto's thyroiditis 
was considered uncommon, and the diagnosis 
was often made only at thyroidectomy. In
creased awareness, associated with improved 
diagnostic procedures, has resulted in im
proved recognition. The disease may also have 
actually increased in frequency, perhaps owing 
to the sharp increase in iodine intake that has 
occurred in the Western world in the past two 

Table 11—1. Autoimmune Thyroid Disease 

Autoimmune thyroiditis 
Lymphocytic thyroiditis (struma lymphomatosa, 

Hashimoto's thyroiditis) 
Chronic fibrous thyroiditis 
Lymphocytic thyroiditis of childhood and 

adolescence 
Post-partum thyroiditis 
Idiopathic myxedema 
Atrophie asymptomatic thyroiditis 

Autoimmune hyperthyroidism (Graves' disease, Parry's 
disease, Basedow's disease, diffuse toxic goiter, 
exophthalmic goiter) 

191 
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generations.80 It is now considered that ap
proximately 3 to 4% of the population has 
significant autoimmune thyroid disease.27 

About 4.5% of the population has some func
tional deficiency of the thyroid, secondary to 
autoimmune thyroid disease.35 36 In elderly 
women, about 16% are found to have thyroid 
autoantibodies; these correlate with at least 
some degree of lymphocytic infiltration of the 
thyroid gland, although this cannot be recog
nized clinically.91 

A very close relationship exists between 
Graves' disease and autoimmune thyroiditis; 
the term autoimmune thyroid disease would 
certainly encompass Graves' disease as well as 
the other disorders listed in Table 11-1. Al
though Graves' disease and autoimmune thy
roiditis appear to be caused by closely related 
genetic and immunologie disorders, there are 
at least a few aspects of these conditions that 
continue to separate the two maladies, so that 
they cannot be considered merely as different 
expressions of a spectrum of a single entity 
(see subsequent discussion).80 

ETIOLOGY AMD PATHOGEPiESIS 

The first indications of an immunologie abnor
mality in lymphocytic thyroiditis came from 
reports of an elevation of plasma gamma glob
ulin level and of an abnormal serum floccula-
tion test result.80 These observations formed 
the background of the classic discoveries of 
antithyroid antibodies in the serum of patients 
with Hashimoto's thyroiditis in 195663 and the 
production of experimental autoimmune thy
roiditis in the same year.66 These pioneer ob
servations led to innumerable investigations 
into the nature of the immunologie disturbance 
in autoimmune thyroid disease; indeed, these 
have served largely as prototypes for autoim
mune disease generally. 

While the pathogenesis of autoimmune thy
roid disease is not fully clarified, a working 
hypothesis may now be outlined (Fig. 11-1).80 

The evidence suggests that both Graves' and 
Hashimoto's diseases are due to specific ge
netic defects in immunoregulation (see Chap
ter 13, Graves' disease, for a more detailed 
treatment of autoimmune factors). Evidence 
is accruing that the actual immunoregulatory 
defect in each organ-specific autoimmune en-
docrinopathy is a qualitative or quantitative 
abnormality of an organ-specific clone of sup
pressor thymic-dependent (T) lymphocytes.813 

In each condition, given such a defect, a nor

mally, randomly mutating thyroid-directed, 
self-reactive clone of helper T lymphocytes is 
permitted to survive. All normal persons have 
the capacity to produce clones of self-reactive 
lymphocytes, arising by either a process of 
random mutation or perhaps viral induction, 
directed against normal body constituents. In 
normal persons, specific clones of suppressor 
T lymphocytes suppress specific autoreactive 
clones of helper T lymphocytes, thus prevent
ing them from interacting with their comple
mentary autoantigen (resulting in normal tol
erance). The mechanism of immunoregulation 
thus may largely be related to specific as well 
as nonspecific suppressor T lymphocyte func
tion, although other mechanisms for tolerance 
clearly exist. Anti-idiotypic antibody has been 
proposed as another regulatory mechanism.25 

If in organ-specific autoimmune thyroid dis
ease there is a single genetic (or occasionally 
sporadic?) defect in immunoregulation, then 
the random appearance of the appropriate 
thyroid-directed autoreactive clone of helper 
T lymphocytes, which has escaped normal con
trol as a result of the defect, would initiate the 
disease.80 These T lymphocytes would then 
interact with their complementary antigen on 
the thyroid cell membrane and set up a local
ized cell-mediated immune (CMI) response. 
This would not require any antigenic altera
tion, only antigenic availability, and requires 
the expression of HLA-DR antigen, either on 
the thyroid cell membrane itself6 or via mac
rophage presentation of the antigen to the 
lymphocytes.29 The expression of HLA-DR 
antigen on thyroid cells has now, in any event, 
been demonstrated to be a secondary event.81b 

There is no convincing evidence that there is 
any antigenic alteration in these disorders43; 
my view is that the thyroid gland is merely a 
passive captive to specific events within the 
immune system.80 When these thyroid-directed 
autoreactive helper T lymphocytes have es
caped suppression, as outlined, and have in
teracted with their complementary thyroid cell 
membrane antigen, they would then direct 
groups of existing bursa-equivalent (B) lym
phocytes, which in consequence would pro
duce the appropriate thyroid autoantibodies. 

Antibodies to various antigens have been 
identified in autoimmune thyroid disease (Ta
ble 11-2 and Humoral Mechanisms), which 
exert deleterious or occasionally stimulatory 
effects on the thyroid parenchymal cells, alone 
as immune complexes or in association with 
lymphocytes, e.g., antibody-dependent cellu-
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Figure 11-1. Schema for pathogenesis of autoimmune thyroiditis. There is evidence for a genetically induced 
human leukocyte antigen (HLA)-linked, organ-specific defect in suppressor T lymphocytes, which may be the 
fundamental abnormality in autoimmune thyroid disease. This may be augmented by environmental influences 
on generalized suppressor T lymphocyte function. With the availability of the thyroid cell membrane antigen, via 
antigen-presenting cells initially and directly via the thyroid cells (through gamma interferon-induced thyrocyte 
HLA-DR expression) subsequently, the no longer suppressed thyroid-directed T lymphocytes become activated 
and, in turn, stimulate thyroid-directed B lymphocytes to produce thyroid autoantibodies. Cytotoxic factors are 
noted on this figure and are amplified in Figure 11-2. Topliss, D. J., Lewis, M., Hoos, J„ Row, V. V., and Volpe, 
R. (1981). Autoimmunity in endocrine disease. Med. Clin. North Am. 10:1053-1064. 

lar cytotoxicity (ADCC), macrophages, or 
"killer" cells (Fig. 11-2).70 It may also be 
emphasized that various other organ-specific 
autoimmune disorders occur in the same pa
tients and in their families much more often 
than chance alone would dictate (Table 11-
3).80 The presence of two or more such con
ditions, which often do not commence at the 
same time, could be explained by two variables 
as follows: (1) the magnitude of the genetic 
defect in immunoregulation in respect to two 
or three or more autoreactive clones of lym
phocytes and (2) the random appearance by 
mutation of the appropriate autoreactive clone 
of helper T lymphocytes, which consequently 
escape regulation (see Chapter 13, Graves' 
disease, for discussion of the pathogenesis of 
autoimmune thyroid disease).80 

PATHOLOGY 

The histology is characterized by an inflam
matory infiltrate with areas of follicular hyper-
plasia and tall columnar follicular cells, al
though often the follicles are small and contain 
little colloid.4' 37 Follicular cells may be ar
ranged in the form of masses, with vacuolized 
and very eosinophilic cytoplasm (Hiirthle or 
Askanazy cells). These cells are enlarged, and 
the cytoplasm contains eosinophilic granules 
that prove to correspond to increased numbers 
and size of mitochondria on ultrastructural 
studies. There is, of course, widespread lym-
phocytic infiltration, which may be arranged 
in germinal centers. Large numbers of plasma 
cells are also seen (Fig. 11-3). There is variable 
fibrosis, which in some instances may be ex
treme (i.e., chronic fibrous variant). The gland 
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Table 11-2. Antigen-Antibody Systems Involved in Humoral Responses of Thyroid Autoimmune Disease 

Antigen Antibody (Function) Antibody Detection 
Thyroglobulin 

Microsomal antigen 

Second colloid component 

Cell surface antigens 

Thyroxine and 
triiodothyronine 

Antigen not defined 

TSH receptor-related 
antigen 

Thyroglobulin antibody 
(No clear function) 

Microsomal antibody 
(Cytotoxic in conjunction 
with lymphocytes) 

CA2 antibody 
(Πο clear function) 

Membrane antibodies 
(Cytotoxic with lymphocytes) 

Thyroid hormone antibodies 
(Bind and prevent hormone 
action) 

Growth-stimulating and 
growth-inhibiting antibodies 
(May induce or inhibit thyroid 
growth) 

TSH receptor antibodies 
(May stimulate thyroid cells, 
inhibit TSH effect or exert 
both or neither) 

Precipitin technique; tanned red blood cell 
hemagglutination; immunofluorescence on 
fixed thyroid sections; competitive binding 
radioimmunoassay; coprecipitation with 125I 
thyroglobulin; microenzyme-linked 
immunoassay (ELISA); plaque-forming assay 

Complement fixation; immunofluorescence on 
unfixed thyroid sections; cytotoxicity test on 
cultured thyroid cells; competitive binding 
radioimmunoassay; tanned red blood cell 
hemagglutination; microELISA 

Immunofluorescence on fixed thyroid sections 

Immunofluorescence on viable thyroid cells; 
mixed hemadsorption binding assays 

Antigen-binding capacity 

Effects on DNA content per thyroid cell nucleus 
or glucose-6-phosphate dehydrogenase 
activity per cell 

Stimulatory assays: current terms employed 
for stimulatory assays include human 
thyroid stimulator; human thyroid 
stimulating immunoglobulin (TSI); thyroid 
stimulating antibody (TSAb). 

Long-acting thyroid stimulator (LATS) 
bioassay; colloid droplet formation in human 
thyroid slices; stimulation of human thyroid 
adenylate cyclase in vitro; cytochemical 
assay 

Binding asays: LATS protector assay; inhibition 
of 125I-thyrotropin binding to human thyroid 
membranes (thyrotropin displacement 
activity, TDA); TSH-binding inhibitor 
immunoglobulin, TBII; fat cell membrane 
radioligand assays; fat cell ELISA 

itself may be either hypertrophied or atro
phied, and in the atrophied cases fibrosis tends 
to be more dominant. Ultrastructural studies 
additionally show dilatation of capillaries, ex
udation of lymphocytes, and damage to the 
basement membranes of the thyroid follicles.4 

The various subsets of lymphocytes within 
the thyroid infiltrate in Hashimoto's thyroiditis 
have also been studied.80 These include both 
B and T lymphocytes in proportions similar to 

those observed in the peripheral blood, al
though there is a suggestion of a higher ratio 
of B lymphocytes within the thyroid. The ratio 
of helper to suppressor cells has been the 
subject of some controversy with some inves
tigators describing a relative decrease in intra-
thyroidal suppressor T lymphocyte numbers 
and others demonstrating proportions equal to 
those in peripheral blood. However, there 
does seem to be a functional reduction in the 

Figure 11-2. Mechanisms of effector interactions in Hashimoto's thyroiditis. (A) Sensitized cytolytic T lymphocytes 
might interact with specific antigens on the thyroid follicular cells and induce direct T lymphocyte-induced 
cytolysis. (B) Complement fixing antibody may produce thyroid cell cytolysis by activating complement. (C) 
Antibodies against cell membrane constituents can attract "killer" cells (antidody-dependent cellular cytotoxicity; 
ADCC), thus producing cytolysis. (D) Thyrotropin receptor antibodies may block the action of thyrotropin (TSH) 
and thus act as a cause of hypothyroidism. (E) There is some evidence for a thyroid growth promoting antibody 
and a thyroid growth inhibiting antibody, but it is not clear whether these are separate from thyrotropin receptor 
antibodies. 
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Figure 1 1 - 3 . Pathology of 
Hashimoto's thyroiditis. 

suppressor/helper T cell ratio within the intra-
thyroidal lymphocytes in Hashimoto's thyroid
itis.80 

PREVALENCE 

One recent survey in adolescent subjects sug
gests a prevalence of 1 to 2% of autoimmune 
thyroiditis during the second decade of life.62 

Since age-specific incidence rates increase four
fold over 20 years and the peak incidence for 
this disorder is at 50 to 60 years,82 the preva
lence of thyroiditis in the older age group may 
be as high as 3 to 4%.20 Since focal lymphocytic 
infiltration correlates with the presence of thy
roid autoantibodies, the incidence in elderly 
females appears to be as high as 16 to 23%; 
in these patients, the disorder is generally 
occult.91 The disease is four times more com
mon in women than in men and four times 
more common in whites than in blacks.20 The 
perceived marked increase in prevalence over 
the past 50 years may be related to the greater 
intake of iodine that has occurred during this 
interval.80 In countries where iodine deficiency 
exists, Hashimoto's thyroiditis is rare. Alter
natively, excessive iodine intake can unmask 
thyroiditis both in animals and humans. 

GENETICS 

These disorders tend to aggregate in specific 
families and thus appear to be genetically 
induced.80 Indeed, Graves' and Hashimoto's 
diseases tend to occur in the same families and 

may even coexist within the same patient's 
thyroid gland. Moreover, homozygous twins 
have been reported in whom one twin has 
Graves' disease and the other has Hashimoto's 
thyroiditis. The increased incidence of other 
organ-specific autoimmune diseases in patients 
with both of these disorders, as well as in their 
families, has been noted (see Table 11-3). 
Finally, Graves' disease may culminate in 
Hashimoto's thyroiditis; conversely, patients 
with hypothyroidism and Hashimoto's thyroid
itis may recover and then ultimately develop 
hyperthyroidism due to Graves' disease.80 

Studies of the age-specific incidence rates in 
both Graves' and Hashimoto's diseases have 
indicated that these disorders occur at random 
in genetically predisposed populations.82 There 
is an interesting correlation with HLA genes 
in autoimmune thyroid disease; these are the 
histocompatibility genes, which are also re
lated to immune reactivity.24 In whites with 
Graves' disease, there is an increased incidence 
of HLA-B8 and HLA-DR3. Patients with 
atrophie thyroiditis also have an increased in
cidence of HLA-DR3, whereas those with goi
trous Hashimoto's thyroiditis have been re
ported to have an increased incidence of HLA-
DR5. Thus, there appear to be significant 
genetic differences between goitrous Hashi
moto's thyroiditis and atrophie thyroiditis. Fur
ther, it has been shown that patients with 
Hashimoto's thyroiditis from the same family 
as those with Graves' disease share the same 
haplotype (i.e., they seem to have the same 
genetic background), and often under these 
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Table 1 1 - 3 . Immune Stigmata Associated with Graves' Disease and Hashimoto's Thyroiditis 

Stigma Graves' Disease Hashimoto's Disease 

Lymphocytic infiltration in thyroid 
Immunoglobulins in thyroid 

stroma 
Type of infiltrating lymphocytes in 

thyroid 
Immune complexes in circulation 
Thymic enlargement 
Lymphadenopathy and 

splenomegaly 
Relative lymphocytosis 
Hypergammaglobulinemia 
Benefit from corticosteroid 

therapy 
Thyroid-stimulating 

immunoglobulin 
Exophthalmos 
Evidence of cell-mediated 

immunity 
Evidence for a defect in 

suppressor T lymphocytes 
Other auto immune diseases in 

patients 

Thyroid antibodies in relatives 
Thyroid and other au to immune 

diseases in relatives 
H LA genes (whites) 

Animal models 

Frequently present 
Yes 

B and T lymphocytes, some 
unidentified lymphocytes 

Common 
Common 
Infrequent 

Common 

Yes 

Almost all 

Common 
Yes 

Almost invariable 
Yes 

B and T lymphocytes, some 
unidentified lymphocytes 

Common 
Common 

Common 
Yes 

Infrequent 

Occasional 
Yes 

Yes 

Pernicious anemia, diabetes 
mellitus, myasthenia gravis, 
Addison's disease, idiopathic 
thrombocytopenic purpura, and 
so forth 

50% 
Common 

HLA-B8-Dw3 

Yes 

Pernicious anemia, diabetes mellitus, 
myasthenia gravis, Addison's 
disease, chronic active hepatitis, 
and so forth 

50% 
Common 

Atrophie form: HLA-B8 and HLA-DRw3 
Goitrous form: HLA-DR5 
Yes 

circumstances they share HLA-DR3.73 The last 
finding in these families suggests that the im-
munogenetic background for both Graves' and 
Hashimoto's diseases, while not identical, is 
certainly very similar. 

Not all patients with these disorders have 
these particular HLA genes; conversely, if a 
patient does have the "appropriate" gene the 
relative risk of developing these disorders is 
only increased about fivefold.23 It is therefore 
clear that these are not specific "disease sus
ceptibility" genes, which may, however, lie in 
close "linkage disequilibrium" with the above 
genes. Since it is known that the HLA genes 
are closely related to immunoregulation, it 
would seem likely that the putative disease 
susceptibility gene is the gene that results in 
the defect in immunoregulation.71 It is known 
that expression of DR antigen on the surface 
of target cells, macrophages, or both is impor
tant for the presentation of antigen to the 
lymphocytes6,29; it is not quite clear whether 
or how this would relate to the immunoregu-
latory defect or whether the effect of the gene 
is translated by other mechanisms to the im
mune system. While it seems probable that 

there is indeed an organ-specific suppressor T 
lymphocyte defect as a basic for autoimmune 
thyroid disease, what the genetic basis in mo
lecular terms for such a defect may prove to 
be has not yet been clarified.80 

The association of autoimmune thyroiditis 
with other organ-specific autoimmune diseases 
probably relates to the likelihood that the 
genes all lie close together on chromosome 6 
in linkage disequilibrium. Most of the disor
ders that are associated with autoimmune thy
roiditis have an increased incidence of HLA-
DR3. It is of further interest, however, that 
autoimmune thyroiditis is much more common 
than expected with Down's syndrome and 
Turner's syndrome (gonadal dysgenesis), each 
caused by quite different chromosomal abnor
malities; how these influence the expression of 
autoimmune thyroid disease has yet to be 
determined.80 Even the remarkable sex differ
ence whereby females outnumber males in 
these disorders by approximately 4:1 may 
prove to have a genetic basis, i.e., the presence 
of the X or the lack of the Y chromosome may 
modify the expression of the putative "disease 
susceptibility" gene on chromosome 6. Thus, 
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the sex incidence and the incidence of these 
diseases in chromosomal abnormalities may be 
manifestations of one gene modifying the 
expression of another gene. There is some 
evidence, also, that estrogen may influence the 
immune system and thus the expression of 
these diseases.80 

HUMORAL MECHANISMS 

Thyroglobulin and Antithyroglobulin 
Antibodies 

It was once believed that thyroglobulin repre
sented a sequestered antigen within the thyroid 
follicle, which was not recognizable to the 
organism as "self," and destruction of the 
follicles with escape of thyroglobulin might 
lead to autoimmune thyroiditis.59 However, it 
is now known that thyroglobulin begins to leak 
into the circulation in utero in all humans and 
in fact is a normal circulating constituent even 
before birth.64 Thus, the "sequestered" antigen 
theory can be dismissed.79 Moreover, thyro
globulin binding B lymphocytes are present 
even before birth.79 By the common technique 
of tanned red blood cell agglutination, signifi
cant titers of antithyroglobulin are found in 
about 70% of patients with Hashimoto's thy
roiditis, in about 60% of those with newly 
diagnosed idiopathic myxedema, in about 30% 
of those with Graves' disease, and in a small 
percentage of those with thyroid carcinoma 
and other thyroid disorders.61 However, by 
radioassay, a larger number of sera that gave 
negative results by the hemagglutination test 
were found to give positive results by this same 
group.61 However, the reason for this discrep
ancy proved to be an increased level of serum 
thyroglobulin, which may produce false posi
tive results in the measurement of antithyro
globulin by radioassay. Interpretation of ra
dioassay results for antithyroglobulin must be 
tempered by these considerations. Another 
technique, the enzyme linked immunoabsor-
bent assay (ELISA), appears to be more sen
sitive than any other so far utilized.54 

Antimicrosomal Antibodies 

The thyroid microsomal antigen has been lo
calized by immunofluorescence in the apical 
cytoplasm of follicular cells.79 It now seems 
evident that an important component is that 
of thyroid peroxidase61a as well as other cell 
membrane antigens. However, the precise an

tigen has yet to be totally characterized. An
tibodies to the microsomal antigen have been 
shown to be complement fixing and have the 
ability to induce cytotoxic changes in monolay-
ers of cultured thyroid cells. Correlation exists 
between the titers of this antibody and the 
histologie lesion of Hashimoto's thyroiditis.35,36 

The correlation between this antibody and 
laboratory or clinical evidence of thyroid dys
function is likewise good. The titers of thyro
globulin antibodies do not correlate nearly as 
well. Antimicrosomal antibodies may be de
tected by immunofluorescence, complement 
fixation, hemagglutination, radioassay, or 
ELISA techniques.79 The hemagglutination 
test is currently the favorite procedure, but it 
may be supplanted by a microELISA proce
dure.67 Microsomal antibodies may be detected 
in virtually all patients with Hashimoto's thy
roiditis, in most of those with idiopathic myx
edema or Graves' disease, but much less fre
quently in other thyroid disorders.79 There are 
marked discrepancies between antimicrosomal 
and antithyroglobulin antibodies. Moreover, 
high levels of antithyroglobulin antibody may 
produce false positive results in measurements 
of antimicrosomal antibodies by hemagglutin
ation, but this interference may be overcome 
by adding an excess of thyroglobulin to the 
system.61 This problem is of minimal im
portance since antimicrosomal antibodies are 
present much more commonly than antithyro
globulin antibody, whereas conversely antithy
roglobulin antibodies are rarely present in the 
absence of antimicrosomal antibodies. A pre
ponderance of antimicrosomal antibodies is 
found to be even more pronounced in patients 
with Graves' disease. 

There is a close association between the 
presence of elevated antimicrosomal antibody 
titers and elevated antibodies to the cell sur
face antigens, and there appear to be common 
antigens involved in both systems.61 However, 
this relationship is not absolute. Antimicroso
mal antibodies tend to fall in many but not in 
all patients who become severely myxede-
matous spontaneously4 or in hypothyroid 
Hashimoto's patients receiving thyroxine ther-

Other Antibodies 

Antibodies to a colloid component other than 
thyroglobulin have been identified but their 
significance is unclear.79-80 Antibodies to the 
thyroid hormones, thyroxine and triiodothy-
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ronine, are uncommonly found in autoimmune 
thyroid disease and are generally associated 
with very high titers of antithyroglobulin.80 

These may become important when measuring 
circulating levels of thyroid hormones, as they 
may result in spuriously high or low T4 or T3 
concentrations, depending on the particular 
technique employed. These antibodies will not 
affect thyroid function as long as the thyroid 
is capable of responding to thyroid-stimulating 
hormone (TSH) normally. 

Antibodies have been detected in goitrous 
Hashimoto's thyroiditis that are capable of 
stimulating growth of the thyroid cells without 
stimulating thyroid activity.18 Moreover, anti
bodies that inhibit the trophic effects of TSH 
have been detected in some cases of atrophie 
primary myxedema.19 

Antibodies to the TSH receptor are demon
strable in a small proportion of patients with 
Hashimoto's thyroiditis.80 Some of these anti
bodies prove to be stimulatory and, thus, can 
be categorized as thyroid stimulating. When 
such antibodies are found in patients who are 
either euthyroid or hypothyroid, associated 
with the clinical picture of Hashimoto's thy
roiditis, it may be presumed that they would 
be hyperthyroid if there was sufficient thyroid 
parenchyma to respond to this antibody, which 
is considered to be the direct cause of Graves' 
disease. Some of the antibodies to the TSH 
receptor found in these patients, however, are 
not stimulatory in nature, and some even in
hibit the effects of TSH and thus contribute to 
hypothyroidism.20'44 Antibodies to other cell 
membrane components have likewise been 
identified in Hashimoto's thyroiditis. 

In addition to the aforementioned thyroid 
autoantibodies, immune complexes are found 
in about a third of patients with this disorder.79 

Lymphocytotoxic antibodies are likewise 
found in a significant minority of patients with 
autoimmune thyroid disease.80 Autoantibodies 
to certain other organs are found more often 
than would be expected by chance association 
alone, e.g., antibodies to gastric constituents, 
islets of Langerhans, and adrenal cortex.80 

MATURE OF THE THYROID 
CELLULAR DAMAGE 
Destruction of thyroid cells (see Fig. 11-1), a 
common occurrence in Hashimoto's thyroidi
tis, usually involves one of three mechanisms.80 

Firstly, antibodies directed against the cell 
membrane constituents or "microsomal" anti

bodies can attract nonspecific killer lympho
cytes to the site, thus inducing antibody-
dependent cellular cytotoxicity. Secondly, an
tigen-antibody complexes on the cell surface 
membrane may activate complement, and cel
lular damage may occur as a result of this 
complement cascade. Thirdly, the specific sen
sitized cytotoxic T lymphocytes interacting 
with their complementary antigen on the thy
roid cell membrane may directly cause cytol-
ysis. Finally, as noted previously, a less com
mon cause of hypothyroidism may be due to 
the blocking of TSH from access to its recep
tors by means of a thyrotropin receptor anti
body, and this form of hypothyroidism occurs 
without cellular damage.2044 Graves' disease, 
conversely, is caused by another thyrotropin 
receptor antibody, namely thyroid stimulating 
antibody, which mimics the action of TSH but 
is not subject to biologic feedback that governs 
that hormone.7080 Thyroid growth-promoting 
antibody may promote the growth of the gland, 
without inducing hyper activity,18 and con
versely a thyroid growth-inhibiting antibody 
may inhibit the growth of thyroid cells and 
thus be a factor in inducing atrophie thyroidi
tis.19 

ABNORMALITIES OF THYROID 
FUNCTION 
Abnormalities of thyroid function may be seen 
in patients with autoimmune thyroiditis, vary
ing in severity and frequency.4'27 In most pa
tients, the 24-hour thyroidal 131I uptake is 
within normal limits.427 However, in about 15 
to 20% these values are low, suggesting hy
pothyroidism,30' 84 whereas in other patients 
the values are above normal.4'27'49-68 In most 
instances, the 131I uptake will be suppressible 
with thyroid hormone administration, but in 
about 10% of patients it will not be suppres
sible, owing to the concomitant presence of 
thyroid stimulating antibodies.27 Not uncom
monly, early 131I uptake results at the 2- to 6-
hour stage are increased and may exceed the 
24-hour value, owing to defective organifica
tion of the iodide.957 Indeed, using a potassium 
perchlorate "flushing" test, about 25 to 40% 
of patients with Hashimoto's thyroiditis mani
fest a positive discharge response following the 
administration of potassium perchlorate; this 
response indicates a defective iodide-iodine 
organification process.9-57'69-72 In addition to 
this defect in organification of iodide, patients 
with this condition may have an increased ra-
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tio of monoiodotyrosine/diodotyrosine (MIT/ 
DIT) within the thyroid gland as well as an 
increased thyroidal T3/T4 ratio. A reduction in 
the intrathyroidal iodide pool has been dem
onstrated.4 Decreased responsiveness to ex
ogenous TSH indicates decreased thyroidal 
reserve.28,30 There is often an increased secre
tion of nonmetabolically active iodoproteins, 
and this may be partially caused by the secre
tion of thyroglobulin and iodoalbumin.13,76,77 

The greater sensitivity to iodide has been men
tioned,7, 9' 48' 57 and there is also increased 
sensitivity to lithium.47 Autoimmune thyroidi-
tis is frequently associated with reduced bio
synthesis of thyroid hormones, resulting in 
hypothyroidism,4'27'84 and with incipient thy
roid failure. The first and most sensitive indi
cator is an elevation of TSH before there is 
any decline in the thyroid hormone concentra
tions in the blood (i.e., compensated hypothy
roidism).8 If the lesion progresses the serum 
thyroxine level falls first, and serum T3 may 
remain normal until thyroid failure becomes 
severe.46 

CLINICAL ASPECTS 

There is a wide variation in clinical presenta
tion encountered in this disorder.4,27,30,48 Some 
patients may have no clinical signs or symp
toms whatever, and a diagnosis may be made 
only by inadvertently testing for thyroid func
tion or thyroid autoantibodies, by screening in 
geriatric institutions, or by finding lymphocytic 
infiltration in the gland unexpectedly at oper
ation or autopsy. Other patients may be found 
to have enlarged thyroid glands as their only 
clinical manifestation.4'2? At the opposite ex
treme patients may present with overt evidence 
of thyroid dysfunction, usually hypothyroid
ism.4'27'4978 As mentioned, females predominate 
in this disorder (4:1).4 '2749 Either iodide 7 9 6 9 

or lithium47 ingestion can unmask occult thy-
roiditis rendering it overt with goiter, thyroid 
antibodies, or both with or without thyroid 
dysfunction. 

Pressure symptoms within the neck are oc
casionally encountered; there may be some 
mild discomfort, hoarseness, dysphagia, or 
cough, although most commonly there are no 
local symptoms in the neck. Moderate pain 
occurs infrequently, but severe pain reminis
cent of subacute thyroiditis is seen in about 
5% of patients, and in these the gland may be 
correspondingly tender.16,21,78 

Hyperthyroidism may occur in autoimmune 

thyroiditis and may be of two types.4' 16,8° The 
first of these is due to Graves' disease, occur
ring concomitantly with Hashimoto's thyroidi
tis.15' 16'26'80 This condition clearly is a com
bined disorder and is indistinguishable from 
Graves' disease with the exception of the firm
ness of the goiter and the high titers of the 
thyroid antibodies. Some patients with euthy-
roid Hashimoto's thyroiditis have exophthal-
mos,3' n 51 52'80 with or without thyroid stimu
lating antibodies. It may be noted that when 
thyroid stimulating antibodies are present in a 
patient with Hashimoto's thyroiditis, the thy
roid status will depend on the state of the 
parenchymal integrity (i.e., the number of 
remaining intact thyroid follicular cells); this 
factor will determine whether the patient is 
hyperthyroid, euthyroid, or hypothyroid.80 

The second form of hyperthyroidism may 
occur transiently in the initial phase of Hashi
moto's thyroiditis, once again simulating sub-
acute thyroiditis.16'21 This form may or may 
not be associated with a painful thyroid gland. 
In this condition, the hyperthyroid phase 
would appear to be due to discharge of pre
formed thyroid hormone, resulting from the 
inflammatory process; this uncommon condi
tion must occur acutely and severely enough 
to permit rapid elaboration of the excessive 
amounts of thyroid hormone so as to manifest 
a hyperthyroid phase. The form of "painless" 
thyroiditis seen in the postpartum period (post-
partum thyroiditis)1 is, at least in most in
stances, a form of autoimmune thyroiditis.12 

Many, perhaps 25%, of patients will present 
with clinical hypothyroidism (Fig. 11-4), but 
the percentage of all cases is difficult to deter
mine, owing to the very large number of 
asymptomatic patients.3245 Of course, an atro
phied thyroid gland as an expression of autoim
mune thyroiditis is commonly associated with 
hypothyroidism; less commonly, goitrous 
Hashimoto's thyroiditis is also associated with 
hypothyroidism, usually less severe than in the 
atrophie form.15'16 The most common cause of 
spontaneous compensated hypothyroidism, 
characterized with normal plasma concentra
tions of thyroid hormones but elevated TSH 
values, is indeed autoimmune thyroiditis; pa
tients are clinically euthyroid with this cond-
tion.45'74 

The thyroid functional state may vary con
siderably with time in this disorder. Most char
acteristically, patients may remain euthyroid 
for years, although about 10% of those pre
senting with goiter and high titers of thyroid 
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Figure 11-4. Patient with Hashimoto's thyroiditis and 
hypothyroidism. 

autoantibody ultimately become hypothyroid.45 

Some patients may even remit completely, and 
those patients either may remain clinically nor
mal throughout their life or may suffer a re
currence of clinical abnormalities.14'4580 

Patients who have Hashimoto's thyroiditis 
and even severe hypothyroidism may ulti
mately recover and may even develop hyper-
thyroidism due to Graves' disease.80 Con
versely, hyperthyroidism due to Graves' 
disease may ultimately culminate sponta
neously as hypothyroidism secondary to au
toimmune thyroiditis.80 Thus, a patient with a 
given thyroid status may not remain stable 
when autoimmune thyroiditis is encountered.14 

In most patients with goitrous Hashimoto's 
thyroiditis, the goiter is usually diffusely, but 
not necessarily symmetrically, enlarged and 
may vary in size and degree of enlargement. 
It is characteristically associated with increased 
firmness and bosselation without clearly distin
guishable thyroid nodules.4'16 The gland is only 
occasionally tender, and bruits are not heard. 
The relationship of autoimmune thyroiditis to 
thyroid malignancy is discussed subsequently. 

An enlarged thymus gland is frequently 
found in autoimmune thyroiditis and may be 
important in relation to the pathogenesis of 

the disorder.4'55'80 It may also be noted that 
autoimmune thyroiditis may be associated with 
other organ-specific autoimmune diseases, 
such as insulin-dependent diabetes mellitus, 
pernicious anemia, Addison's disease, vitiligo, 
and others, in the patient or the relatives.80 

Indeed, there is often a family history of au
toimmune thyroid disease, so that relatives 
should always be tested for this disorder. 

As mentioned, there is an increased inci
dence of autoimmune thyroiditis in the older 
population.328591 Because of the frequent sub
tleness of expression of this disorder, there has 
been some suggestion that screening proce
dures in geriatric institutions might be useful 
to detect mild or occult forms of autoimmune 
thyroiditis.85 

In children or adolescents, juvenile lympho
cytic thyroiditis is the cause of diffuse euthy-
roid goiter in about two thirds of instances.31' 
48,58 thyroid autoantibodies are not increased 
as much as in adults, and often the diagnosis 
can be verified only by biopsy.50 Thyroid auto
antibodies cross the placenta freely; it has been 
suggested that the passive transfer of thyroid 
autoantibodies could produce congenital tran
sient hypothyroidism.56'60 However, most in
fants with congenital hypothyroidism do not 
have these antithyroid antibodies, and most 
infants born to mothers with high titers of 
thyroid autoantibodies are normal; it would 
seem that there is no lasting effect from the 
transplacental transfer of the "conventional" 
thyroid autoantibodies.80 Transient hypothy
roidism resulting from the placental transfer of 
a TSH receptor antibody, which blocked the 
effect of TSH, has been reported in new-
borns.53 Further, in some cases of congenital 
athyreotic hypothyroidism, thyroid growth-in
hibiting antibodies have been found.75 

RELATIONSHIP TO SILENT (PAINLESS) 
THYROIDITIS AND POST-PARTUM 
THYROIDITIS 
The relationship of autoimmune thyroiditis to 
silent (painless) thyroiditis is dealt with in 
subacute thyroiditis in Chapter 10. Suffice it 
to say that I consider silent thyroiditis to be a 
disorder of heterogeneous causation, and in 
many instances the disorder does not appear 
to be of autoimmune origin.80 Most of the 
cases that occur without relationship to the 
post-partum period, do not have serologie ev
idence of thyroid autoantibodies despite hav
ing lymphocytic infiltration within the thyroid 
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gland reminiscent of Hashimoto's thyroiditis.17 

Moreover, the histologie appearance of the 
thyroid returns to normal after several 
months.39 However, the circumstances are very 
different in post-partum thyroiditis. 

Pregnancy and delivery are now known to 
influence the clinical course of autoimmune 
thyroid disease.1,2 Changes in serum thyroid 
antibodies and thyroid stimulating antibody 
are common during pregnancy and delivery in 
Graves' disease and in autoimmune thyroiditis; 
both of these types of antibodies decrease as 
pregnancy progresses and sometimes test re
sults for those antibodies are negative in the 
third trimester. Of course, in some patients, 
these antibodies persist throughout the preg
nancy. Following delivery, however, the anti
bodies increase again, reaching peaks 3 to 4 
months post-partum in more than half of the 
patients. In some, antibodies develop de novo 
following delivery. Similar transient increases 
in antibodies are observed afteT spontaneous 
and therapeutic abortions. These changes ap
pear to be induced by physiologic and immu
nologie changes occurring during pregnancy 
and delivery. 

There have now been several studies of 
painless thyroiditis that appears in the post-
partum interval (post-partum thyroiditis), both 
in Japan and in North America.1-2 As many as 
5 to 8% of all women who deliver have been 
estimated to suffer from this condition. It is 
frequently associated with a hyperthyroid 
phase, often subsequently progressing to a 
hypothyroid phase then on to complete or 
incomplete recovery. The hyperthyroid phase 
is characterized by proportionate rises in both 
serum T4 and T3 which is unlike the usually 
disproportionate rise in serum T3 in Graves' 
disease, and by a very low 24-hour 131I thy-
roidal uptake of 0 to 2%. Goiters often decline 
in size but may persist permanently; most 
patients manifest thyroid autoantibodies some
times in high titers. These may also decline or 
disappear, or test results may be negative at 
all times throughout the course. It would ap
pear that post-partum thyroiditis may be due 
to the transient rebound of autoimmune proc
esses following cessation of pregnancy.1' 2 

Many of these patients who go into remission 
spontaneously have recurrences following later 
pregnancies, which may ultimately culminate 
in chronic thyroiditis. 

ASSOCIATION WITH THYROID 
MALIGNANCY 
While in the past surgery has been proposed 
for Hashimoto's thyroiditis on the basis that 
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the incidence of histologie thyroid carcinoma 
is significant in such cases, this has never been 
conclusively verified.4 '20 '27 '49 '80 Indeed, it is 
quite possible that the focal thyroiditis seen in 
many patients with thyroid malignancy is ac
tually a secondary immune response to the 
malignancy itself. Conversely, clinical thyroid 
carcinoma is not observed in increased fre
quency in patients with diffuse goitrous Hash
imoto's thyroiditis. There is little evidence at 
present to suggest that Hashimoto's thyroiditis 
is a precarcinomatous lesion. 

Lymphoma of the thyroid, a rare condition, 
is increased in incidence in coexistent Hashi
moto's thyroiditis.20'33'40'49'87 The precise inci
dence of lymphoma of the thyroid in relation 
to Hashimoto's thyroiditis is unclear, as the 
proportion has not been systematically calcu
lated and is obviously uncommon, even in this 
group. However, the finding of Hashimoto's 
thyroiditis in association with malignant lym
phoma of the thyroid is very common. The 
conclusion is almost inescapable that the au
toimmune process of Hashimoto's thyroiditis 
can occasionally evolve in some manner into 
an immunologie neoplasm. 

DIAGNOSIS 

The diagnosis of autoimmune thyroiditis is 
frequently not made unless the patient presents 
with overt manifestations. Many patients are 
asymptomatic and are unaware of the presence 
of the goiter. In the atrophie form of the 
disease, there patently is no goiter and if these 
patients are clinically euthyroid, diagnosis is 
exceedingly difficult to make, and often the 
disease is only discovered inadvertently or at 
necropsy. Alternatively, if an asymptomatic, 
diffuse, firm, bosselated goiter or lobulated 
goiter is discovered, the suspicion of thyroiditis 
is certainly appropriate. Even soft goiters may 
prove on biopsy to be caused by lymphocytic 
thyroiditis; conversely, even frankly nodular 
goiters may also be caused by this disorder. 
Thus, an ultimate diagnosis is based on biopsy 
of the thyroid gland; a Tru-cut or Silverman 
needle biopsy will provide the most informa
tion of the histologie architecture and is readily 
done in a patient with a large, firm goiter. In 
comparison, such procedures are scarcely nec
essary from the viewpoint of clinical manage
ment and cannot be advised in the vast major
ity of cases. Fine needle aspiration biopsies, 
while much simpler, provide only cytologie 
material; this sometimes can be confusing in 
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cases of Hashimoto's thyroiditis, since atypia 
is occasionally encountered.68 However, char
acteristically, large numbers of lymphocytes, 
Hürthle cells and plasma cells are highly 
suggestive of autoimmune thyroiditis in such 
preparations.86 Even this procedure is not nec
essary in the assessment of most patients in 
whom a presumptive diagnosis rather than an 
"ultimate" diagnosis would suffice. Thyroid 
autoantibody values have been utilized as di
agnostic aids. When titers of antimicrosomal, 
antithyroglobulin, or both antibodies are found 
in dilutions of 1:2000 or above, then clearly 
one is dealing with autoimmune thyroid dis
ease. However, even low titers of these thyroid 
autoantibodies may be associated with at least 
focal infiltrations of lymphocytes within the 
thyroid gland.10, 82 Conversely, even diffuse 
Hashimoto's thyroiditis may be associated with 
lower titers of thyroid autoantibodies than 
anticipated, and a small proportion of patients 
with classic goitrous Hashimoto's thyroiditis 
will have no detectable thyroid autoantibod
ies.16' 50 Moreover, 30% of patients with 
atrophie myxedema will have no detectable 
thyroid autoantibodies15,16; as mentioned pre
viously, children and adolescents with lympho-
cytic thyroiditis often have low or no detecta
ble thyroid autoantibodies. 

Conversely, thyroid autoantibodies in low 
titers may be found in many thyroid disorders 
other than autoimmune thyroiditis, so that the 
finding of such antibodies is not diagnostic of 
primary forms of thyroiditis.15, 16 It may also 
be mentioned that the finding of antimicroso
mal antibody is much more frequent than that 
of antithyroglobulin antibody; the titers are 
higher in the former, and there is a closer 
relationship to thyroid dysfunction.80 

The demonstration of clinical, biochemical, 
or both types of hypothyroidism will itself at 
least suggest the likely possibility of autoim
mune thyroiditis, since it is the commonest 
cause of acquired spontaneous hypothyroidism 
in most Western countries. When "compen
sated hypothyroidism" (normal T4 and T3 with 
high TSH levels) is detected with or without 
thyroid autoantibodies in middle-aged or older 
people, the diagnosis may be presumed to be 
autoimmune thyroiditis unless other causes for 
this syndrome are apparent.45 

Other abnormalities in thyroid function are 
nonspecific but may be of some use in a 
diagnostic process. The detection of defective 
organification of iodide as manifested by a 
higher early uptake value compared with a 

lower 24-hour uptake, or alternatively a posi
tive result from the potassium perchlorate 
"flushing" test would certainly be compatible 
with autoimmune thyroiditis, although these 
procedures are not commonly performed and 
are not specific.4,9'27,32,57,69,72 The factors are 
also true for the finding of an abnormal bu-
tanol-insoluble iodoprotein, which is likewise 
unnecessary, rarely sought, and nonspecific.13 

Practically, the observation of a patient with 
a diffuse goiter associated with moderate or 
high titers of thyroid autoantibodies, with or 
without any degree of hypothyroidism, would 
permit a presumptive diagnosis of autoimmune 
thyroiditis; no further definitive diagnostic pro
cedures, such as biopsy, need to be performed. 
If a diffuse goiter is encountered without hy
pothyroidism and without antibodies, then one 
can suspect autoimmune thyroiditis, but with
out a biopsy a diagnosis cannot and need not 
be established, since it does not influence the 
management of the patient in any significant 
fashion. Biopsy procedures cannot be justified 
in patients with clearly benign lesions in whom 
decisions about treatment can be readily made 
without a definitive diagnosis. Many euthyroid 
goiters will fall into this category and should 
occasion no concern. Only when there are 
distinct nodules or rapid growth or irregularity 
of the goiter, unusual hardness or fixation to 
adjacent structures, or local symptoms within 
the neck, will it be quite important to establish 
a firm histologie diagnosis in a patient in whom 
the thyroid functions tests and thyroid auto
antibodies do not direct one towards a diag
nosis. Indeed, it must be emphasized that 
solitary benign or malignant nodules may oc
casionally coincide and coexist with autoim
mune thyroiditis, so that the presence of such 
nodules, despite high thyroid autoantibody ti
ters, must lead to some further suspicion and 
investigation.4,20 27,49 

TREATMENT 

Since the evidence is overwhelming that au
toimmune thyroiditis is due to an immune 
process, one might expect that rational therapy 
would include immunosuppressive treatment. 
Indeed, corticosteroid therapy will cause rapid 
regression of goiters in this disorder but this is 
of theoretic interest only.5,41 In view of the 
serious nature of the side effects of such agents 
and, conversely, the ease by which autoim
mune thyroiditis can be treated with thyroid 
hormone suppression and replacement, corti-
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costeroid or immunosuppressive therapy is un
warranted. 

Thyroxine therapy is certainly necessary in 
all patients with the hypothyroidism that ac
companies autoimmune thyroiditis.4 15'16'20'32'78 

The treatment of the euthyroid, asymptomatic 
patient is not quite so clear-cut. In the presence 
of a goiter, it is often possible to cause regres
sion in the Hashimoto's gland by the adminis
tration of thyroxine.15, 16 On the one hand, 
such regression is variable in degree but may 
be quite marked; on the other hand, some 
goiters will not regress and some will continue 
to expand despite thyroxine therapy.15,16 Such 
further enlargement has been ascribed to the 
presence of thyroid growth-promoting anti
bodies.18 When such thyroid enlargement oc
curs in Hashimoto's goiter, despite thyroxine 
therapy, it is also necessary to consider the 
rare possibility of a concomitant thyroid lym-
phoma, which has arisen in the context of 
Hashimoto's thyroiditis.20,33,47 49 

It appears that only about 10 to 15% of 
patients with euthyroid Hashimoto's thyroiditis 
go on ultimately to hypothyroidism.45 In con
trast, some cases of Hashimoto's thyroiditis 
may spontaneously remit.14,62 80 Thus, there is 
not absolute direction as to whether one should 
utilize thyroxine indefinitely in euthyroid pa
tients with Hashimoto's thyroiditis. A practical 
suggestion would be that if patients are not 
being seen frequently by physicians aware of 
all the vicissitudes of this disorder, it would 
seem that the most reasonable approach is to 
maintain such patients on thyroxine therapy 
indefinitely. Hypothyroidism in the elderly 
may be a subtle, surreptitious, easily missed 
and dangerous disease, and thus this approach 
seems to offer the most benefit to the most 
patients. Adverse effects from thyroxine in 
physiologic replacement dosages will occur pri
marily in those patients who suffer concomi
tant coronary artery disease and angina pec-
toris.10 In patients with such disorders, the 
dose should be reduced to suboptimal levels.81 

In young persons with autoimmune thyroid
itis, thyroxine can be prescribed initially at full 
maintenance replacement or suppressive dos
ages (0.10 to 0.15 mg/day) without adverse 
effects.8 In middle-aged or older persons, how
ever, the initial dosage should be smaller with 
gradual increments until full replacement is 
reached. In the elderly, one should commence 
thyroxine in dosages in the order of 0.025 mg/ 
day and increase cautiously at monthly inter
vals. One should not attempt to reach dosage 

levels beyond 0.1 mg/day in such elderly per
sons even if there is no evident cardiovascular 
disease.10,81 

Testing patients on thyroxine therapy is not 
completely straightforward. The estimation of 
serum thyroxine level is not the most appro
priate test with which to monitor exogenous 
thyroxine therapy, and the level is often mod
erately elevated under these circumstances. 
One can utilize the TSH determination to 
indicate when the patient is taking enough 
thyroxine, but the total serum triiodothyronine 
by radioimmunoassay (T3 RIA) procedure is 
the best test to determine whether the patient 
is receiving too much thyroxine.89 In the vast 
majority of instances, dosage levels between 
0.10 and 0.15 mg of thyroxine daily will yield 
values for serum triiodothyronine well within 
the normal range.89 The TSH values should be 
kept in the lower part of the normal range by 
a sensitive TSH assay, for adequate goiter 
suppression. 

Thyroid hormones may have some effect on 
the immune process although the histology of 
the gland seems to remain stable despite this 
therapy.42 65 However, a decline in thyroid 
autoantibodies often accompanies regression 
of the thyroid enlargement.15,16,42,65 

Surgery was recommended in some medical 
centers in a previous era because of the re
portedly high incidence of coincidental thyroid 
malignancy.12 It is generally accepted, how
ever, that such risk has been vastly over
rated.4,20,81 Only when there appears to be a 
particular indication for surgery, such as fur
ther enlargement despite thyroxine therapy or 
the presence of a nodule which should be 
managed as any other thyroid nodule, should 
surgical treatment be considered. 

If hyperthyroidism coexists, it should be 
treated appropriately. Thyroidectomy or ra
dioactive iodine therapy appears to be associ
ated with an increased risk of hypothyroidism 
in patients with the combined disorder when 
compared with patients with uncomplicated 
hyperthyroidism without associated thyroid 
autoantibodies.40 
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Invasive Fibrous 
(Riedel's) 
Thyroiditis 

ROBERT VOLPE 

Invasive fibrous (Riedel's) thyroiditis may be 
defined as a disorder of unknown etiology in 
which aggressive fibrosis not only replaces part 
or all of the normal structure of the thyroid 
gland but also characteristically spreads across 
the thyroid capsule to invade adjacent struc
tures, such as nerves, blood vessels, and mus
cles.5' 28'31'36'59'63'64 The initial description was 
by Riedel48 in 1896; he described a chronic 
sclerosing thyroiditis that primarily affected 
women, frequently caused pressure symptoms 
in the neck, and tended to progress ultimately 
to complete destruction of the thyroid gland. 
In his reports, Riedel described a "specific 
inflammation of mysterious nature producing 
an iron-hard tumefaction of the thyroid."48-50 

The term chronic invasive fibrous thyroiditis 
has a few synonyms, including Riedel's struma, 
struma fibrosa, ligneous (Eisenharte) struma, 
chronic fibrous thyroiditis, and chronic pro
ductive thyroiditis.5'24'36'59 

INCIDENCE 

The condition is considered very rare. Its in
cidence has been reported as between 0.03 and 
0.98% of thyroidectomies in numerous surgical 
series when the operations were performed for 
a variety of reasons.13' 20 Experience at the 
Mayo Clinic between 1920 and 1984, when 
more than 56,700 thyroidectomies were per
formed, showed 37 cases of invasive fibrous 
thyroiditis identified among the 3.5 million 
registered patients.26,27,63,64 The operative in
cidence was 0.06%, and the overall incidence 
in outpatients at the Mayo Clinic was 1.06 per 
100,000. The incidence among the thyroidec
tomies at the Mayo Clinic is almost certainly 
much higher than in the population at risk with 
goiters, since it may be expected that the 
manifestations of Riedel's struma compared 
with other types of goiters are much more 
likely to lead to surgical intervention. 

ETIOLOGY 

The etiology remains unknown. A generation 
ago, chronic lymphocytic thyroiditis was con
sidered to be an earlier stage of invasive fibrous 
thyroiditis.16- 18' 47, 62 However, patients with 
lymphocytic thyroiditis, when followed for 
many years, almost never show progression to 
Riedel's struma19' 21>22-30-52; there have been 
two instances where this type of progression 
seems to have occurred.6, 31 32 However, a 
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patient who presents with Riedel's thyroiditis 
does not have a history of Hashimoto's thy
roiditis.59 It now seems evident that the two 
entities are separate.5,36 '55,56 

Thyroid function is usually within normal 
limits in this disorder, unlike frequent hypo-
thyroidism in lymphocytic thyroiditis. While 
thyroid autoantibodies have been considered 
to be absent or present in only low titer in 
Riedel's struma, which is in contradistinction 
to the findings in Hashimoto's thyroiditis,58 a 
report from the Mayo Clinic indicates that 
appreciable titers of these antibodies may be 
found in 45% of the patients who have been 
tested for their presence.26 27 Morphologically, 
there are numerous dissimilarities (see follow
ing discussion).25,28,63,64 

Subacute nonsuppurative thyroiditis has also 
been suggested as a possible precursor of Rie
del's struma.60 However, these two disorders 
appear to be quite separate, aside from rare 
exceptions.8 Preservation of the thyroid cap
sule in subacute thyroiditis is in marked con
tradistinction to the capsular invasion in 
chronic fibrous thyroiditis.11,12,14 With the ex
ception of the patient described by Chopra and 
co workers,8 no other instance of a transfor
mation of subacute thyroiditis into Riedel's 
struma has been reported. Patients with Rie
del's struma almost never have histories of the 
type of pain in the region of the thyroid that 
is observed in subacute thyroiditis.5, 36 The 
histologie appearances of the two disorders 
are quite different (see subsequent discus
sion).5,28,63,64 

There is no adequate explanation for this 
type of fibroblastic proliferation. Riedel's 
struma, however, has been described in asso
ciation with extracervical fibrosclerosis, as first 
reported by Bowlby7 in 1885. Since 1962, the 
association has been extended to include sali
vary gland fibrosis,29 fibrous mediastinitis,11,26, 

27 46 retroperitoneal fibrosis,1 4 '5 '9 2 3 , 3 1 · 4 0 , 4 2 , 4 5 , 

48,49,63,64 sclerosiiig cholangitis,4,9 pseudotumor 
of the orbits ,1 , 2 '9 '3 6 , 5 8 , 5 9 and lacrimai gland 
fibrosis.53 Of 37 patients with invasive fibrous 
thyroiditis at the Mayo Clinic who have been 
followed for a mean period of 10 years, 12 
demonstrated extracervical fibrosclerosis lo
cated in the orbit, the mediastinum, or the 
abdomen.26,27 For these reasons, it has been 
proposed that these apparently disparate fi-
brotic lesions may be different manifestations 
of the same generalized fibrosing disease.5,36 

In addition, the vascular process observed in 
Riedel's struma has been held to resemble the 

lesion described in Takayasu's arteritis.43 Al
though there has been a suggestion that Rie
del's thyroiditis could be the result of a gen
eralized process such as a collagen disease,36, u 

this is entirely speculative. Similarly, any sug
gestion that this disorder is a result of auto
immune processes is equally speculative, and 
there is no evidence for such a notion.26,27,34,59 

Suggestions that the lesion may represent a 
response to an atypical fungal infection or to 
ergot-like drugs have no clear-cut basis to 
support them.36 Finally, it has been noted that 
there are frequently benign follicular adeno
mas of the thyroid in the center of the Riedel's 
lesion.5, n '28,34,36,63,64 The relationship of these 
adenomas to the Riedel's struma is unclear 
and occurs in about 25 to 50% of instances. 

CLINICAL FEATURES 

The reported age incidences are variable with 
a range from 23 to 78 years.5, n-15,17,26,63 Most 
cases are diagnosed in the fourth to sixth dec
ades with an average age of about 50 years.26,63 

A female preponderance has been noted with 
ratios of 2:1 to 4:1 (Table 12-1).5, ".26,36,63,64 

Whereas goiter may have been present for 
several months before the onset of symptoms 
in many instances, gradual or sudden enlarge
ment of the thyroid precipitates the local symp
toms within the neck.5, n · 2 6 , 2 7 , 3 5 , 3 6 , 5 9 , 6 3 These 
usually consist of a marked sense of pressure 
or severe dyspnea, and symptoms may be out 
of proportion to the size of the goiter.5 Patients 
often complain of feelings of suffocation, 
cough, and dysphagia.10,30,50 Recurrent laryn-
geal nerve palsy with hoarseness has been 
reported.28 Pain is rarely a major complaint, 
although the sense of pressure may be inap
propriately described as pain by the patient.26,27 

The presence or degree of obstruction varies 
with the extent to which the surrounding struc
tures have been invaded.33 Some patients ex
perience only mild and infrequent symptoms 
with minimal dysphagia and dyspnea. Others, 
with more severe compression of the trachea,33,52 

may have stridor, severe dyspnea, or even 
attacks of suffocation.10,30,32,50 

There is usually no fever or systemic mani
festations except in those few patients who 
have such widespread thyroid involvement that 
hypothyroidism results. Where there is extra-
cervical fibrosclerosis, symptoms may ensue 
resulting from those areas of fibrous infiltra
tion. 

On physical examination the thyroid is of 



210 THYROID DISORDERS 

Table 12-1. Clinical Features* 

Age incidence 

Sex incidence 
(F/M) 

Symptoms 

Thyroid involvement 

Thyroid antibodies 
Follow-up 

Riedel's Disease 

30 to 70 years (most 50 
years or over) 

2 to 4/1 

Pressure, goiter 

Unilateral 30% 

Mone or very low 
Hypothyroidism rare; may 

recur following treatment 
stabilize, or regress 

Subacute Thyroiditis 

Any age (most 30 to 50 
years) 

~ 4/1 

Pain, tenderness, goiter 

Bilateral (one side may be 
more affected) 

± 
Thyroid function reverts to 

normal in almost all cases 

Hashimoto's Thyroiditis 

Any age (most 20 to 50 
years) 

4 to 10/1 

± Goiter; hyperthyroid, 
euthyroid or hypothyroid 

Focal or diffuse 

+ 
Usually progresses to 

hypothyroidism 

*From LiVolsi, V. A.: 
with permission. 

Riedel's struma. In: LiVolsi, V. A. and LoQerfo, P.: Thyroiditis. Boca Raton, CRC Press, 1981, 

variable size and may even be small.36 59 The 
lesion may be limited to one lobe or may be 
present in both. The involved area is of a 
stony, hard consistency and densely adherent 
to adjacent cervical structures.5,24,48_50'63,64 It 
has a harder consistency than carcinoma and 
is rarely tender. While adjacent lymph nodes 
are only occasionally enlarged,15'17 when they 
are present and associated with the hard thy
roid mass, a diagnosis of carcinoma is often 
suspected. 

As previously mentioned, manifestations of 
hypothyroidism are occasionally present. In 
two instances, hypoparathyroidism developed 
as well.3 8 n 36 It should be reemphasized that 
because there may be fibrosclerosis elsewhere 
in the body, the examination must include 
careful search for such associated disorders. 

LABORATORY FINDINGS 
Usually the patient is clinically euthyroid and 
the thyroid function test results provide cor
respondingly normal results.5 '36 '38,59 Only oc
casionally will thyroid function test findings 
indicate hypothyroidism.8 30-64 Thyroid auto-
antibodies are usually absent or present in low 
titers,5 36 although, as mentioned, Hay and 
associates26'27 have reported that as many as 
45% of patients have significant titers of thy
roid autoantibodies. Thyroid scintiscans will 
show "cold" areas, corresponding to the extent 
of the lesion.31'3859 

The white blood cell count may be normal 
or elevated, and the sedimentation rate is 
usually elevated although not to the high rates 
in subacute thyroiditis.536 

PATHOLOGY 
Characteristically, the fibrosing process in
volves part or all of the thyroid lobe, may be 

unilateral or bilateral, and has been described 
as woody or very hard.5'n-21·22'24-36'39-48-50'63 64 

As mentioned previously, extension of the 
fibrosis beyond the capsule of the thyroid into 
adjacent structures is a characteristic feature. 
There are no tissue planes, making surgical 
extirpation very difficult. An adenoma may be 
found at the center of the fibrous mass.5 36 

Isolated thyroid amyloidosis has been de
scribed in one case of Riedel's struma.37 

Microscopic criteria for the diagnosis of Rie
del's struma have been established by Woolner 
and associates.63' 64 These include complete 
destruction of the involved thyroid tissue with 
absence of normal lobulation; lack of granu-
lomatous reaction; and extension of the fibrosis 
beyond the thyroid into adjacent tissues, sur
rounding nerves, blood vessels, fat, and skel
etal muscle. Lymphocytes and Hürthle cells 
are sparse, contrasting with Hashimoto's thy
roiditis. An associated arteritis and phlebitis 
are observed with intimai proliferation, medial 
destruction, adventitial inflammation, and fre
quent thrombosis (Table 12-2).5 '28 '51 '6364 

Similar features may be observed in the 
extracervical fibrosclerotic lesions, in the retro-
peritoneal or mediastinal regions, in the or
bit or lacrimai glands, or in cholangitis.5'36,63'M 

DIAGNOSIS AND TREATMENT 

Invasive fibrous thyroiditis may appear as a 
painless, fixed, hard goiter with either slow or 
rapid growth. Whether this is associated with 
local lymphadenopathy or not, it may be im
possible to differentiate this disorder from car
cinoma of the thyroid on the basis of clinical 
findings alone.5 '3659 The disorder can be more 
readily distinguished from Hashimoto's thy
roiditis or subacute thyroiditis as noted on 
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Table 12 -2 . Pathologie Features* 

Gross 
Color 
Consistency 

Lobulated 
Extrathyroid 
Extent necrosis 

Microscopic 
Adenoma 

Colloid 

Oxyphils 
Lymphocytes 
Squamous 

metaplasia 
Stroma 
Giant cells 
Pleomorphism 

of cells 
Mitoses 

Blood vessels 

Riedel's 
Disease 

White 
Very hard, 

woody 
No 
Yes 
± 

Yes (25 to 
50%) 

Normal in 
uninvolved 
areas 

No 
Sparse 
No 

Fibrosis 
No 
No 

No 

Vasculitis 

Fibrosing 
Hashimoto's 
Thyroiditis 

White-tan 
Firm 

Yes 
No 
No 

No 

Depleted 

Yes 
Marked 
Yes 

Fibrosis 
No 
No 

No 

Adventitial Fibrosis 
may be seen 

Subacute 
Thyroiditis 

Grey-white 
Smooth 

Yes 
No 
No 

No 

Usually decreased 

± 
Yes 
Rare 

Fibrosis 
Yes 
No 

No 

Adventitial fibrosis 
may be seen 

Anaplastic 
Carcinoma 

White-tan 
Fleshy, hard 

No 
Yes 
Common 

Yes (or low-
grade 
carcinoma) 
common 

N/At 

N/A 
N/A 
N/A 

N/A 
Yes 
Marked 

Yes 

N/A 

Fibrosarcoma 

Tan 
Fleshy, Firm 

No 
Yes 
Yes 

N/A 

N/A 

N/A 
N/A 
N/A 

N/A 
+ 

± to marked 

± to Yes 
(depending on 
degree of 
differentiation) 

N/A 

*From LiVolsi, V. A.: Riedel's struma. In: LiVolsi, V. A. and LoGerfo, P.: Thyroiditis. Boca Raton, CRC Press, 1981, 
with permission. 
fN/A = Not applicable. 

Tables 12-1 and 12-2. Hashimoto's thyroiditis 
is not associated with any extension of the 
lesion beyond the capsule; the goiters are 
usually larger and lobulated; and the antibody 
titers are generally, markedly elevated.59 Sub-
acute thyroiditis is associated with severe pain 
and tenderness, frequent fever, and a rapidly 
evolving course. There is no extension of the 
lesion beyond the capsule.1459 Closed biopsy 
findings in this condition are often difficult to 
interpret,5,61 although open biopsy findings are 
useful.536 

Whereas surgical intervention is indicated in 
Riedel's struma, the possibility of chronic fi
brous thyroiditis must be kept in mind to limit 
the event of surgery if no malignancy is found. 
Surgical intervention is indicated on two 
grounds as follows: (1) to exclude carcinoma 
and (2) to relieve trachéal compression.5'36'59 

Operation is limited to excising a wedge of 
thyroid isthmus when the process is diffuse. 
Extensive resection is not indicated, particu
larly since Riedel's struma tends often to be 
benign and self-limiting. Moreover, such a 

procedure may add considerable risk of injury 
to adjacent involved vital structures within the 
neck, such as the carotid artery and recurrent 
laryngeal nerve.536 '59 Subtotal lobectomy may 
be performed, however, if the process is local
ized to one lobe of the thyroid gland. 

After surgery, the disease sometimes sub
sides or takes a benign self-limiting course.53654 

However, recurrences and progression have 
been reported, and the mortality rate varies 
from 6 to 10%. Spontaneous remissions with
out surgery may occur, and secondary surgery 
is only rarely required.5 '3659 

Corticosteroids have been utilized in the 
treatment of this disorder but appear to be of 
variable value.29'31-57 Thyroid hormone sup-
pressive therapy has also been utilized and, 
although adequate assessment has not been 
carried out, it seems unlikely that this therapy 
will add much to the management of this rare 
disease.59 

PROGNOSIS 
As mentioned, the course of the lesion may 
be slowly progressive, may stabilize, or may 
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remit. Following surgery, there is a 16% re
currence rate.15 The mortality rate ranges from 
6 to 10%, and death is usually due to asphyxia 
secondary to trachéal compression or laryn-
gospasm.5 36 Hypothyroidism is relatively un
common,3' 8 30' 64 and hypoparathyroidism is 
rare.8 n In many instances, the condition is 
self-limiting and improvement often persists 
after a wedge isthmic resection.5,36 The disor
der may be further complicated by the occur
rence of fibrotic lesions elsewhere in the body, 
as mentioned. 
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Graves7 Disease 

ROBERT VOLPE 

HYPERTHYROIDISM (PREAMBLE) 

Hyperthyroidism may be defined as a group of 
disorders resulting from excessive tissue and 
circulating concentrations of thyroid hor
mones.294 However, this definition is not ade
quate for three reasons. First, some of the 
conditions to be described are quite complex 
and have extrathyroidal manifestations. Sec
ondly, hyperthyroidism may result from a va
riety of different causes. Thirdly, there is one 
condition characterized by excessive levels of 
thyroid hormone in tissues and blood, in which 
the patients are certainly not hyperthyroid and 
rather may be clinically hypothyroid or euthy-
roid; this is the rare condition of resistance to 
thyroid hormones (Refetoffs syndrome).238 

Thus not only does the thyroid hormone have 
to be excessive in amount, but cellular function 
has to be normal so as to permit the action of 
the hormones. 

The causes of hyperthyroidism are listed in 
Table 13-1 

Graves' disease is the most common cause, 
but in Canada 15% of cases of hyperthyroidism 
will be caused by some form of thyroiditis.322 

Toxic nodular goiter accounts for only 5%. In 

Table 13-1. Causes of Hyperthyroidism (Preamble) * 

1. Graves' disease (Basedow's disease, Parry's 
disease, toxic diffuse goiter, autoimmune 
hyperthyroidism ) 

2. Toxic nodular goiter (toxic adenoma, Plummer's 
disease) or multinodular toxic goiter 

3. The hyperthyroid phase of thyroiditis (subacute 
thyroiditis, painless thyroiditis, post-partum 
thyroiditis, or Hashimoto's thyroiditis) 

4. Hyperthyroidism due to excessive human 
chorionic gonadotropin (hCQ), produced by 
choriocarcinoma or hydatidiform mole 

5. Hyperthyroidism associated with acromegaly 
6. Hyperthyroidism in thyroid carcinoma due to a 

toxic carcinomatous nodule (very rare) or due to 
excess thyroid hormone from widespread 
métastases (function per gram of tissue not 
increased, but total mass very large) 

7. Hyperthyroidism due to administration of 
excessive thyroid hormone 

8. Hyperthyroidism due to excess pituitary thyroid 
stimulating hormone 

9. Hyperthyroidism due to excess iodide (Jod-
Basedow's syndrome) 

10. Hyperthyroidism due to an autonomous struma 
ovarii 

11. Hyperthyroidism related to polyostotic fibrous 
dysplasia 

♦Adapted from Cooper, D. S., Ridgway, E. C, and 
Maloof, F. Unusual types of hyperthyroidism. Clin. 
Endocrinol. Metab. 7:199-220, 1978 and Volpe, R. 
Thyrotoxicosis. Clin. Endocrinol. Metab. 7:1-2, 1978. 
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Europe and other parts of the world, toxic 
nodular goiter is much more common, whereas 
hyperthyroidism due to thyroiditis appears to 
be less common. Hyperthyroidism is usually 
characterized by increased production of both 
thyroxine (T4) and triiodothyronine (T3), but 
at least in a small percentage (about 5%) T3 
alone is increased ("T3 thyrotoxicosis").52 

GRAVES' DISEASE 

Graves' disease may be defined as hyper
thyroidism associated with a diffusely hyper-
plastic goiter, resulting from immunologie 
causes.293'295 Its various synonyms include ex
ophthalmic goiter, toxic diffuse goiter, Base-
dow's disease, Parry's disease, primary hyper
thyroidism, and autoimmune hyperthyroidism. 
While Graves111 received credit for the first 
description of the disease and von Basedow300 

is often given this distinction in Europe, the 
first description was clearly that of Parry of 
Bath.225 Certain extrathyroidal features occur 
in this disorder, including exophthalmos, 
ophthalmoplegia, pretibial myxedema, and ac-
ropachy. Some of these manifestations are 
quite uncommon, and all may be absent in a 
given patient. Graves' disease is said to occur 
with an incidence of about 23/100,000 overall 
population,93 although Tunbridge and col
leagues provide a much higher figure of 1% of 
the population.285 The sex ratio is about 4 or 5 
females to 1 male. 

Etiology of Graves' Disease 
Graves' disease is now generally accepted as 
an organ-specific autoimmune disorder, char
acterized by the presence of an antibody that 
stimulates the thyroid gland (thyroid stimulat
ing antibody or TSAb).293'295 Although in the 
past, some thyroidologists suspected that the 
cause of Graves' disease was pituitary stimu
lation,14 no increase in thyroid-stimulating hor
mone (TSH) could be demonstrated either in 
the pituitary gland itself or in the serum of 
patients with Graves' disease when it became 
possible to measure this substance. Indeed, 
TSH was found to be suppressed in Graves' 
disease as a result of the excessive amount of 
circulating thyroid hormone.129 

In 1956, Adams and Purves1 of New Zealand 
showed that in the serum of many patients 
with Graves' disease, there was a substance 
that stimulated the thyroid gland of guinea 
pigs for a much longer period than that for 

pituitary TSH. Some years later, the substance 
was proved to be an immunoglobulin G 
(IgG)169; it was termed "long-acting thyroid 
stimulator (LATS)." Using a mouse bioassay 
it was found to be present in approximately 
50% of patients with Graves' disease.188 How
ever, the fact that LATS could not be dem
onstrated in the other 50% of patients made it 
suspect as the cause of the hyperthyroidism.262 

Evidence has shown that the failure was 
caused by lack of sensitivity of the assay sys
tem. The use of human thyroid tissue in more 
recent assay systems now makes it possible to 
demonstrate the presence of an IgG thyroid 
stimulator (thyroid stimulating antibody) in 
virtually all patients with active untreated 
Graves' disease.293-295 Evidence is now over
whelming to indicate that this IgG is an anti
body to the human TSH receptor on the thy
roid cell membrane (Fig. 13—l).295 Since the 
term LATS has become associated with the 
mouse bioassay, most observers now employ 
the term "thyroid stimulating antibody 
(TSAb)" or "thyroid stimulating immunoglob-

v 
Thyroid 
stimulating 
antibody 

Thyroid 
hormone* 
production 

figure 13-1 . This diagram represents the action of 
thyroid-stimulating antibody (TSAb) on the thyroid 
cell. The antibody is directed to the TSH receptor, 
captures it in a manner indistinguishable from that of 
TSH, and causes an increase in adenylate cyclase and 
consequently cAMP. The net result is a stimulation of 
the thyroid cell, resulting in increased thyroid hor
mone secretion. The antibody, however, is capable of 
stimulating the thyroid cell for a much longer interval 
than does TSH. 
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ulin (TSI)" to describe the stimulators. How
ever, there are other antibodies to the TSH 
receptor, i.e., thyrotropin receptor antibodies 
(TRAb), found in both Graves' disease and 
other forms of thyroid autoimmune disease 
that do not stimulate the thyroid gland. Both 
TSAb and these nonstimulating TSH receptor 
antibodies can be detected by a technique that 
measures the prevention of binding of TSH to 
its receptor, i.e., thyrotropin binding inhibi
tory immunoglobulin (TBII).295 It is important 
to emphasize that TBII cannot necessarily be 
equated with TSAb. The reason for this state
ment is that some IgG samples, positive in the 
TBII assay, do not stimulate, and some ac
tually inhibit the biologic effects of TSH, thus 
causing hypothyroidism. Thus, TRAb can be 
utilized as a generic term for all antibodies 
against the TSH receptor, whereas TSAb re
fers to only those that actually stimulate.295 

It is now quite clear that the hyperthyroidism 
of Graves' disease is indeed caused by TSAb.295 

Following binding to the TSH receptor, this 
antibody acts as a TSH agonist, stimulating 
adenylate cyclase and cyclic AMP.19 Aside 
from its prolonged duration of action, the 
cellular response is identical to that of TSH. 
Moreover, since TSAb crosses the placenta, 
when present in very large amounts it can 
cause passive transfer fetal and neonatal hy
perthyroidism, which lasts only as long as the 
antibody remains in the circulation of the in
fant.335 This is another point in favor of the 
causal relationship of the TSAb to hyperthy
roidism (Table 13-2). 

Since TSAb is obviously a product of bursa-
equivalent (B) lymphocytes, it has been a 
matter of intense interest over the past gener
ation to determine why this particular autoan-
tibody should appear. In the past, it was as-

Table 1 3 - 2 . Biologic Effects on Thyroid Shared by 
LATS, TSAb, and TSH* 

Stimulation of 
Uptake and discharge of 131I in vivo 
Release of 131I in vitro 
Colloid droplet formation in follicular cells 
Glucose oxidation 
Incorporation of 32P into phospholipids 
Adenyl cyclase activity 
cAMP accumulation 

*LATS = long-acting thyroid stimulator; TSAb = thy
roid-stimulating antibody; TSH = thyroid-stimulating 
hormone. (Reproduced from Kendall-Taylor, P.: Com
parison of the effects of various agents on thyroidal 
adenyl cyclase activity with their effects on thyroid 
hormone release. J. Endocrinol. 54 :137-145, 1972, 
with permission.) 

sumed that an antigenic stimulus was needed 
for lymphocytes to produce such antibodies. 
However, there is no evidence for any anti
genic alteration in the thyroid tissue of Graves' 
disease.160,301 Indeed, at least two studies have 
shown that thyroid tissue is unaltered in this 
disorder.160'301 It would appear that only the 
presence of the normal self antigen is required. 

To a certain degree, this has been disputed 
by Bottazzo and associates33 who have hypoth
esized that aberrant expression of HLA-DR is 
required on the thyroid cell to allow a thyroid 
autoimmune response. They have hypothe
sized that this expression of HLA-DR antigen 
on the basal cell membrane surface of thyroid 
cells may be a prerequisite for the initiation of 
autoimmune thyroid disease. These investiga
tors have suggested that the initial precipitating 
event is some form of injury, possibly viral, to 
the thyroid cell that allows it to express DR 
antigen on its surface, to then permit direct 
antigenic presentation by the thyroid cell, and 
thus to precipitate a cascade of further events. 
In this hypothesis, it is still clear that there 
must also be a disorder of immunoregulation, 
since such HLA-DR expression on thyroid 
cells would not precipitate hyperthyroidism in 
a person not predisposed by a genetic defect 
in immunoregulation. 

However, even later evidence suggests that 
this DR expression on thyroid cells may well 
be a secondary step after the initial immune 
assault, since it has been shown that T (thymic 
dependent) lymphocytes induce this altera
tion.140 In any event, there does indeed appear 
to be an inherited specific defect in immuno
regulation, and this defect appears to be a spe
cific abnormality in a clone of thyroid-directed 
suppressor T lymphocytes.2932952953'298 Several 
reports now attest to the presence of such a 
disorder.2143'270a'298 Such a defect in a specific 
clone of suppressor T lymphocytes would per
mit a "forbidden clone" of thyroid-directed, 
autoreactive, helper T lymphocytes (arising by 
normal random mutation but not suppressed 
because of this defect) to survive, to interact 
with its complementary antigen on the thyroid 
cell membrane (presumably the TSH recep
tor), and to set up a localized cell-mediated 
immune response within the thyroid gland 
(Fig. 13-2). Such T lymphocytes, sensitized to 
the thyroid antigen, would then direct and 
cooperate with groups of already present, 
appropriate thyroid-directed B lymphocytes, 
which consequently would produce the thy
roid-stimulating antibody. 
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Autoreactive 
B lymphocyte 

Random mutation 
or generation 

Induction 

Differentiation 

HLA-linked 
genetic 
predisposition 

Autoreactive 
helper T lymphocyte 

Autoantibody-
producing 
plasma cell 

Chromosome 6 

Autoantibody 

Inhibition 

Antigen 
presentation on 
macrophage and/or 
target cell 

Specific suppressor 
T lymphocyte 

Figure 13-2. Schema for the hypothesis for organ-specific autoimmune endocrine diseases, particularly 
autoimmune thyroid disease. Human leukocyte antigen (HLA)-linked genetic predisposition appears to result in 
a specific defect in a clone of suppressor T lymphocytes that is specific for each organ specific autoimmune 
disease. Thus, clonai suppression of autoreactive T lymphocytes does not properly occur when the lymphocytes 
arise by normal random mutation. If these autoreactive helper T lymphocytes are not suppressed, they will 
interact with appropriate, specific, and already present autoreactive B lymphocytes that, in consequence, will 
produce the appropriate antibodies. 

This sequence would certainly require the 
presence of antigen-presenting cells, which 
could be the thyroid cells themselves33,144 but 
in the initial phase most likely would be mac
rophages.109' 125 Various chemical mediators 
would also be necessary for these events to 
occur, but this simple outline should suffice 
for an understanding of the process. There has 
been some confusion generated by reports that 
indicate that in active untreated Graves' dis
ease, there is a reduction in the function and 

number of overall suppressor T lymphocytes.298 

These findings would not be expected if there 
was only an organ-specific defect in a clone or 
a few clones of suppressor T lymphocytes. 
However, further evidence suggests that hy-
perthyroidism per se can cause such a reduc
tion in the number and proportion of gener
alized suppressor T lymphocytes, which would 
temporarily be additive to the antigen-specific 
disorder102298; this may add a self-perpetuating 
factor to the course of patients with Graves' 
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disease, tending to prevent them from experi
encing remissions until this added element is 
brought back or returns to its previous levels, 
by normalizing thyroid function.102'2955'298 

Other mechanisms of disordered immuno-
regulation have been suggested, such as the 
antiidiotypic network. In this hypothesis, it is 
proposed that when antibodies against self 
arise, there are further antibodies against auto-
antibodies (i.e., auto-auto antibodies or anti
idiotypic antibodies), which would neutralize 
them.80 However, this network has not been 
demonstrated to be a significant factor in au
toimmune endocrine disease. It has further 
been suggested that TSAb might be an anti-
idiotype itself, i.e., an antibody to an anti-
TSH.139 But evidence on this point suggests 
that when such antiidiotypes do occur, they 
are transient in nature, are present in very low 
titer, and have a different binding pattern 
when compared with Graves' IgG.139 They thus 
appear to be relatively inconsequential. Anti
bodies to TSAb also occur that have the effect 
of acting as antibodies to TSH, but likewise 
these are relatively uncommon in Graves' dis
ease and do not appear to be of importance.2343 

Genetic Factors. It is obvious that both 
Graves' disease and Hashimoto's disease ag
gregate in specific families and thus appear to 
be genetically induced.273' 281' 293' 295 Indeed, 
these two disorders tend to occur in the same 
families and even may coexist within the same 
thyroid gland. Moreover, there are reports in 
which one homozygous twin has Graves' dis
ease while the other has Hashimoto's thyroid-
itis. The increased incidence of other organ-
specific diseases in patients with Graves' or 
Hashimoto's disease, as well as in their fami
lies, is now well known and is discussed sub
sequently.293295 

The occurrence of Graves' disease in both 
siblings of dizygotic twins is reported to be 
about 3 to 9% and of monozygotic twins to be 
about 30 to 60%.293'295 Numerous case reports 
attest to the frequency of concordance of 
monozygotic twins for Graves' disease. The 
fact that monozygotic twins have a higher 
concordance rate than dizygotic twins is strong 
evidence for a genetic basis for Graves' dis
ease, but genetic factors alone do not explain 
why some develop this disease while others do 
not, i.e., the lack of concordance in 40 to 70%. 
It is of further interest that in even highly 
selected case reports of twin studies of Graves' 
disease, the age of initiation of the disease 
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varies greatly between the twins, even as much 
as 10 years in siblings under 18 years of age. 
Thus, it is clear that influences other than 
purely genetic ones must be present before the 
disease is expressed. 

Studies of the age-specific incidence rates in 
this disorder have indicated that Graves' dis
ease occurs at random in the genetically pre
disposed population with an ultimate pene-
trance that approaches unity.293'295 Studies of 
families of patients with Graves' disease indi
cate that Hashimoto's thyroiditis and Graves' 
disease seem to share a common inheritance, 
and it even has been suggested that the same 
gene predisposes to both disorders.273'281 At 
least, the two disorders must be very closely 
related genetically, although I believe that, 
ultimately, separate genes for Graves' as op
posed to Hashimoto's thyroiditis will be proved 
(see subsequent discussion). 

There are at least two genes that appear to 
be important genetically in Graves' disease. 
These include not only HLA genes273'281 but 
also genes related to the IgG heavy chain 
allotype, termed Gm.273'281'286 In whites with 
Graves' disease, there is an increased incidence 
of HLA-B8 and HLA-D3, whereas in Japanese 
the appropriate HLA types have been those 
of HLA-Bw35 and Dwl2.79 Only about 56% 
of white patients with Graves' disease, how
ever, are found to be positive for HLA-D3 
versus about 20% of the general population. 
The fact that not all patients have the "appro
priate" HLA gene, and that persons in the 
population with that particular HLA gene in
crease their relative risk only about five times 
that of the general population, shows clearly 
that these genes do not themselves cause the 
disease.17 There has been controversy as to 
whether there is a true "disease susceptibility" 
gene, but it is evident that if there is such a 
gene, it is not identical to the aforementioned 
HLA genes. It may, however, lie in linkage 
disequilibrium with these histocompatibility 
genes; further studies with cDNA probes may 
elucidate this point.17 

The influence of the Gm genes is separate 
from the HLA genes. An appropriate Gm 
marker would ensure that a particular person 
has the ability to produce the appropriate 
immunoglobulins.17'273'281'286 Thus, HLA genes 
or closely associated genes would perhaps de
termine the level of suppressor and helper T 
lymphocyte function in the production of 
TSAb in Graves' disease, whereas the Gm 
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marker would permit the production of the 
actual TSAb by the B lymphocytes. 

Females exceed males in a ratio of about 4:1 
in this condition. Whether this is an effect of 
estrogen on immunoregulation seems some
what unlikely, since this female/male ratio per
tains to all age groups, including females be
fore puberty and after menopause. Another 
possibility is that the female/male ratio may be 
due to a chromosomal effect, whereby genes 
on the X chromosome or the Y chromosome 
influence events on chromosome 6 where the 
histocompatibility genes lie.2 

A variety of other organ-specific autoim
mune diseases occur in much greater frequency 
in these same patients and in their relatives. 
These include Type 1 diabetes mellitus, per
nicious anemia, vitiligo, Addison's disease, 
my asthenia gravis, idiopathic thrombocyto-
penic purpura, rheumatoid arthritis, and 
chronic active hepatitis.293' 295 Most, but 
not all, of these diseases are also HLA-D3 
related.1779270 

It is of interest that there are certain HLA 
differences between Graves' and Hashimoto's 
diseases, despite the results of the aforemen
tioned family studies,272 281 which suggest that 
the two disorders share a common inheritance. 
In goitrous Hashimoto's disease, there tends 
to be an increased incidence of HLA-DR5 as 
opposed to the situation in groups of patients 
with Graves' disease where the increase is in 
HLA-DR3.82'279-311 This difference as well as 
discrepancies in the incidence of exophthal-
mos, the frequency of thyroid stimulating an
tibody, and the precise frequency of associa
tion with other organ-specific autoimmune 
diseases makes me believe that Graves' and 
Hashimoto's disease, however closely related 
they are to one another, represent different 
entities and thus have some genetic differ
ences.293,295 

Clinical Manifestations of 
Graves' Disease 
Characteristically, although not invariably, 
Graves' disease is the most florid type of 
hyperthyroidism. The symptoms may com
mence precipitously or subtly. Sometimes they 
seem to follow specific stresses, such as an 
automobile accident, bereavement, infection, 
or psychologic disturbance; other precipitating 
factors include rigorous dieting and even thy
roid hormone therapy.293' 295 Because such 
stress may interfere with immune mechanisms, 

possibly through cortisol production, the in
duction of hyperthyroidism may prove to have 
a rational explanation. While there is consid
erable anecdotal evidence that such a relation
ship obtains, there has been no impeccable 
study that completely proves this notion. In
deed, most studies on this point indicate that 
the number and magnitude of the stresses 
encountered by patients prior to the onset of 
hyperthyroidism do not differ from those en
countered by a normal control group who did 
not, of course, develop Graves' disease.112 

Such studies do not take into account the 
genetically based immune vulnerability of 
those predisposed to Graves' disease to a per
turbation that would not affect a perfectly 
normal person. However, it is certainly my 
view that such a relationship does indeed ex
ist.295 

The symptoms of hyperthyroidism include 
nervousness, emotional lability, sweating, in
tolerance to heat, rapid heart beat, fatigue, 
weight loss associated with increased appetite, 
thirst, dryness of mouth, dyspnea, muscular 
weakness particularly of the "girdle" muscles 
(quadriceps and deltoids), tremulousness, fre
quency of micturition, and diarrhea.64' 320 

About half the patients develop ocular symp
toms (discussed subsequently). Somewhat less 
common complaints include swelling of the 
ankles, falling out or thinning of the hair, male 
gynecomastia, loss of libido in the male, and 
oligomenorrhea in the female. Decreased fer
tility is common. Increased headaches, pruri
tus, and nausea and vomiting may be experi
enced.64320 A few patients experience anorexia 
rather than increased appetite, whereas a small 
number of patients may actually gain weight 
as a result of their voracious appetite. Some 
patients become aware of their goiters and 
may even have some local discomfort or pain 
in the neck. 

The "nervousness" of Graves' disease is 
associated with marked restlessness, difficulty 
in falling asleep, and insomnia.310 Some pa
tients are agitated and exhibit manic behavior. 
In some patients, the tremulousness and feel
ing of muscular weakness may be profound. A 
family history of thyroid disease, other organ-
specific autoimmune diseases (see previous dis
cussion), or both is frequently obtained.293-295 

Often, the diagnosis can be made on brief 
inspection (Fig. 13-3).64320 These patients are 
usually thin, restless, hyperactive, nervous, 
and suffused. Eye signs are common but not 
invariably present; only about 50% of patients 
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Figure 13-3. A patient with Graves' disease. Mote the 
presence of exophthalmos, evidence of weight loss, 
and goiter. 

with hyperthyroidism of Graves' disease will 
have clinically evident exophthalmos. Ocular 
manifestations are subsequently discussed sep
arately. Enlargement of the thyroid gland is 
characteristic. The goiter is generally diffusely 
enlarged, although it may be asymmetric, the 
right lobe usually as the larger lobe. The 
enlargement may be minimal to marked. The 
gland is firmer than normal or may be even 
quite firm. There may be some lobulations, 
and in those glands in which there is coexistent 
Hashimoto's thyroiditis, the gland may be 
quite large, quite firm, and definitely lobu-
lated. It has been claimed that in a very small 
proportion of patients, the gland is normal in 
size or even smaller than normal.64 However, 
DeGroot64 cautions that observation of a nor
mal-sized thyroid should alert the physician to 
the possibility of some other cause of the 
hyperthyroidism. In a significant minority of 
patients, a bruit will be heard over one or both 
lobes of the thyroid gland. These may be 
continuous or systolic in timing and occasion
ally are associated with thrills. The trachea is 
not usually deviated. 

The heart is generally of normal size, al
though it may be enlarged, particularly in older 
patients who have coincidental atherosclerotic 
heart disease unrelated to, but aggravated by, 
the hyperthyroidism.62 Tachycardia is charac
teristic; the heart may beat with considerable 
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force and may be a distressing symptom for 
the patient while in bed. Approximately 10% 
of patients have auricular fibrillation, which is 
more common in older patients. A bounding 
precordium is common, and on auscultation 
the heart sounds are heard most forcefully. A 
basal, ejection-type systolic murmur is very 
common and may be heard over the entire 
precordium. A grating pulmonic systolic sound 
with some of the aspects of a pericardial fric
tion rub is sometimes heard over the sternum 
in the second left interspace, and the scratching 
sound is characteristic (Means-Lehrman 
"scratch").64 The pulse pressure is wide, and 
bruits can occasionally be heard over the pe
ripheral arteries. Peripheral pulsations are 
rapid and bounding, with elevations of the 
systolic blood pressure. Capillary pulsations 
are also often demonstrable. 

When a patient presents with a tachyarrhyth-
mia, hyperthyroidism must always be consid
ered in the differential diagnosis. Generally, 
the electrocardiogram will show only tachycar
dia or increased voltage with occasional pro
longations of the PR interval. 

Some patients may be found to be in conges
tive heart failure and if this condition is pres
ent, it will be resistant to the usual dosages of 
digitalis.110250 The various effects on the car
diovascular system as previously noted may be 
due in part to the increased sensitivity to 
circulating epinephrine in hyperthyroidism.62 

Although the liver is occasionally enlarged, 
the spleen is clinically palpable in about 5% 
of patients, which may be a concomitant of 
the immunologie disturbance. Similarly, lymph 
node enlargement is occasionally observed.64'320 

Integumentary changes are usually evident.91 

The skin is warm, smooth ("velvety"), and 
moist. Palmar erythema, arteriolar cutaneous 
"spiders," and onycholysis (Plummer's sign) 
are fairly common. Patchy hyperpigmentation 
on the face and neck is frequently seen. Con
versely, patchy vitiligo is found in about 7% 
of patients with Graves' disease, evidence of 
an associated autoimmune disorder directed 
against melanocytes.198222 The hair tends to be 
fine and soft. Rarely, alopecia areata may be 
found in association with Graves' disease.198 

Clubbing of the fingers associated with thick
ening of the distal phalanges (thyroid acro-
pachy) occurs in about 5% of these patients 
(Fig. 13-4).64'320 This may be associated with 
pretibial myxedema (to be discussed sepa
rately). Gynecomastia in the male may be 
present. Neurologic disturbances include fine 
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figure 13-4. Thyroid acropa-
chy. Also note the Graves' der-
mopathy on the dorsum of one 
hand. 

tremor, hyperkinetic reflexes, and moderate 
to marked weakness of the girdle muscles. 

The altered pathophysiology associated with 
many of these physical changes is discussed 
subsequently. It should be emphasized that 
other organ-specific autoimmune diseases, as 
mentioned, may occur in these patients much 
more frequently than chance alone dictates. 

Pathology of the Thyroid 
Graves' disease is characterized by hyperplasia 
and hypertrophy of the thyroid parenchyma.320 

There is increased height of the epithelium 
from the normal cuboidal form to a columnar 
form; there is increased infolding of the pa
pillae, because of redundancy of the follicular 
lining, resulting from increased stimulation of 
the thyroid follicular cells (Fig. 13-5). Indeed, 
this increased stimulation was characterized by 
evidence of increased activity of the individual 
cell with increased numbers of mitochondria, 
hypertrophy of the Golgi apparatus, and vac-
uolization of the colloid. This picture is cer
tainly not unique for Graves' disease but can 
occur in any situation where the thyroid gland 
is being stimulated. Characteristically, how
ever, there is also infiltration of the thyroid 
gland by lymphocytes and plasma cells, and 
there even may be lymphoid germinal centers. 
Occasionally, histologie Hashimoto's thyroidi-
tis and Graves' disease coexist. (The patho
logic abnormalities of extrathyroidal tissues 
involved in Graves' disease are discussed sep
arately.) 

Pretibial Myxedema 
(Graves' Dermopathy) 

About 5% of patients with Graves' disease 
have localized (pretibial) myxedema, a unique 
swelling of the skin, and subcutaneous tissue 
found commonly over the tibia of one or both 
legs (Fig. 13-6).64' 103> 320 Occasionally, how
ever, the lesion is evident on the dorsum of 
the hand. Because the disorder is actually 
widespread, even when it appears to be local
ized clinically, a preferable term would be 
"Graves' dermopathy." Many of these so-af
fected patients have redundant subcutaneous 
tissue, appearing as large jowls in their cheeks 
and neck; this condition may result in a "frog
like" appearance. Histologically, the cutis is 
edematous and deposited between the collagen 
bundles is a material that stains like mu-
cin.161'333 This microscopic finding and the 
gross appearance give rise to the term pretibial 
myxedema, although it has no relationship to 
hypothyroidism. Patients with pretibial myx
edema tend to have the most severe immuno
logie disturbances, and it has been suspected 
that deposits represent an immunologie reac
tion.293' 295 This change is found in a patient 
who also has some degree of exophthalmos; 
often the same patient also has thickening of 
the distal phalanges of the fingers associated 
with clubbing of the fingers (thyroid acropa-
chy) (see Fig. 13-4).64 Furthermore, TSAb 
levels are almost invariably high.257'293295 

The spontaneous course of pretibial myx
edema is variable. In some patients the lesions 
gradually disappear over several years.64-320 In 
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Figure 13-5. Pathology of the 
thyroid in Graves' disease. Note 
the high columnar epithelium 
associated with redundancy and 
infolding. 

others, they are progressive, leading to wide
spread lymphatic obstruction and fibrosis. In 
extreme cases, the appearance resembles 
marked lymphedema. No therapy cures preti-
bial myxedema, although large doses of sys-

Tigure 13-6. Severe Graves' dermopathy (pretibial 
myxedema) in a patient years after ablation of the 
thyroid gland for Graves' disease. 

temic corticosteroids or local corticosteroid 
ointment or injections bring some relief. The 
skin of the region may be coated with the 
ointment and the leg wrapped in saran.91 Oth
ers prefer to employ local injections of steroid 
into the lesions.178 These treatments may result 
in considerable improvement if commenced 
early enough. There may be occasional spon
taneous remission of this disorder, as men
tioned. 

Ocular Manifestations 
About 40 to 90% of patients with Graves' 
disease will have some ocular manifestations, 
which can be either overt or occult,7 but severe 
Graves' hyperthyroidism may occur without 
any eye changes (see Fig. 13-5).16 

Conversely, endocrine exophthalmos may 
occasionally develop without hyperthyroidism 
("euthyroid ophthalmic Graves' disease"), oc
curring with Hashimoto's thyroiditis or even 
idiopathic myxedema; exophthalmos may also 
occur when thyroid functional abnormalities 
are more occult, or it may occur when there is 
no thyroid dysfunction whatever.108'141,183'215' 
293,295 The eye changes, which vary consider
ably from patient to patient and even from 
time to time in a given patient, may include 
those of physical appearance, i.e., undue 
prominence of one eye or both; excessive 
lacrimation; pain or discomfort; recurrent in
fections; frequent headaches; photophobia; 
aching; blurring of vision; loss of vision; and 
diplopia or occasional prolapse.108 The minimal 
clinical eye sign in Graves' disease is proptosis, 
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a staring expression, and widening of the pal
pebrai fissures. There is weakness of conver
gence, and lid lag is found when the eyes are 
rotated downwards. The various ocular signs 
are listed in Table 13-3 and Table 13-4. 

The ocular manifestions are commonly di
vided into the two following types: (1) those 
characterized by protrusion and (2) those in 
which infiltrative manifestations are more pro
nounced.108 In both types, marked periorbital 
edema, even without measurable proptosis, 
may be present. Proptosis can be measured by 
a variety of exophthalmometers. It may be 
considered abnormal in whites when protru
sion is greater than 20 mm. Infiltrative exoph-
thalmos is characterized by considerable or
bital edema, congestion, chemosis, and con-
junctival injection. Discomfort may be pro
nounced in this type; lacrimation and a feeling 
of sand in the eyes are very common. If the 
exophthalmos becomes very marked (malig
nant exophthalmos) the cornea may ulcerate 
(Fig. 13-7). Panophthalmitis may then occur, 
and blindness may result. Visual impairment 

Table 1 3 - 3 . Ocular Signs in Graves' Disease* 

Ophthalmic phenomena reflecting thyrotoxicosis 
per se and apparently resulting from sympathetic 
overactivity 

Lid retraction 
Wide palpebrai aperture (Dalrymple's sign) 
Lid lag (von Qraefe's sign) 
Staring or frightened expression 
Infrequent blinking (Stellwag's sign) 
Absence of forehead wrinkling on upward gaze 

(Joffroy's sign) 
Ophthalmic phenomena unique for Graves' disease 
and caused by specific pathologic changes in the 
orbit and its contents 

Inability to keep the eyeballs converged (Möbius's 
sign) 

Limitation of movement of the eyeballs, especially 
upward 

Diplopia 
Blurred vision due to inadequate convergence and 

accommodation 
Swelling of orbital contents, puffiness of the lids 
Chemosis, corneal injection, or ulcération 
Irritation of eye or pain in the globe 
Exophthalmos (also mechanically produces a wide 

palpebrai fissure) 
Visible and palpable enlargement of the lacrimai 

glands 
Visible swelling of the lateral rectus muscles a s 

they insert into the globe and injection of the 
overlying vessels 

Decreased visual acuity due to papilledema, retinal 
edema, retinal hemorrhages, or optic nerve 
damage 

*From Werner, S. C : Classification of the eye changes 
of Graves 'disease. J. Clin. Endocrinol. Metab. 29:782, 
1969. 

and blindness may also occur as a result of 
pressure on the optic nerve from an enlarged 
medial rectus muscle. Of the variety of all the 
extraocular muscle palsies (ophthalmoplegias) 
that may occur, weakness of convergence is 
most common and least important. Failure of 
upward gaze due to superior rectus muscle 
weakness is serious, and other extraocular 
muscles may be variably affected. The diplopia 
that results can be very incapacitating. 

Computerized axial tomographic and ultra-
sonographic examinations demonstrate the 
markedly increased size of the extraocular 
muscles, particularly the medial rectus.80 '8889 ' 
los, MI, 282,318 p r e s s U re by this enlarged muscle 
on the optic nerve may result in visual impair
ment or blindness. These techniques may be 
used to demonstrate abnormalities in the eyes 
of many patients with Graves' disease who 
have no clinical evidence of exophthalmos. 
Indeed, the measurement of intraocular pres
sure on upward gaze, which is elevated in 
exophthalmos, is useful to demonstrate sub-
clinical ophthalmopathy in many patients with 
Graves' disease who have no other evidence 
of ocular involvement.97-108 There remains a 
small residual group of Graves' patients who 
still have no evidence even by these sophisti
cated techniques of any ocular involvement.183 

Patients with exophthalmos have an increase 
in muscle fiber bulk, with degeneration of 
muscle fibers; infiltration of lymphocytes and 
macrophages; and increased acid mucopolysac-
charide, fat, and water content. The lympho-
cytic infiltration of the muscles may be extreme 
(i.e., lymphorrhages) ; the inflammatory 
changes in the extraocular muscles lead to 
marked muscle thickening, which may lead to 
later fibrosis and shortening and thus ophthal-
moplegia.108' 141>241 The cause of both the prop-
tosed and infiltrative ocular lesions remains 
unclear. The exophthalmos appears to be 
caused by an immune process that, in my 
opinion, is closely related to, but not identical 
with, the immune process that causes the hy-
perthyroidism of Graves' disease.293'295 Sensi-
tization of circulating T lymphocytes of these 
patients in response to retroorbital muscle an
tigen has been demonstrated, which does not 
correlate with sensitization against thyroid an
tigen.219 Three groups have identified antibod
ies to ocular muscle in patients with exoph
thalmos that are absent in patients with 
Graves' hyperthyroidism but no eye signs.83 

is?, 162 xheir results suggest that exophthalmos 
is not due to the thyroid disease and is separate 
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Table 13—4. Classification of the Ocular Changes in Graves' Disease* 

Classes 
(0 to 6) 

Grades 
(0, a, b, c) Ocular Symptoms and Signs 

0 
a 
b 
c 

0 
a 
c 

0 
a 

b 

c 

0 
a 
b 
c 

0 
a 

b 

c 

No signs or symptoms 
Only signs, no symptoms (signs limited to upper lid retraction 

and stare, with or without lid lag and proptosis). Proptosis 
associated with class 1 only (specify difference of 3 m m or 
more, grade 0 included). 

Absent (20 m m or less—normal) 
Minimal (21 to 23 mm) 
Moderate (24 to 27 mm) 
Marked (28 m m or more) 
Soft tissue involvement (symptoms of excessive lacrimation, 

sandy sensation, retrobulbar discomfort, photophobia, but 
not diplopia). 

Objective signs as follows: 
Absent 
Minimal (edema of conjunctiva and lids; conjunctival injection 

and fullness of lids, often with orbital fat extrusion; palpable 
lacrimai glands or swollen extraocular muscle palpable 
laterally beneath lower lids) 

Moderate (same as minimal plus chemosis, lagophthalmos, lid 
fullness) 

Marked 
Proptosis associated with classes 2 to 6 only (specify if 

inequality of 3 m m or more between eyes or if progression 
of 3 m m or more under observation) 

Absent (20 m m or less) 
Minimal (21 to 23 mm) 
Marked (28 m m or more) 
Extraocular muscle involvement (usually with diplopia) 
Absent 
Minimal (limitation of motion, evident at extremes of gaze in 

one or more directions) 
Moderate (evident restriction of motion without fixation of 

position) 
Marked (fixation of position of a globe or globes) 
Corneal involvement (primarily due to lagophthalmos) 
Absent 
Minimal (stippling of cornea) 
Moderate (ulcération) 
Marked (clouding, necrosis, perforation) 
Sight loss (due to optic nerve involvement) 
Absent 
Minimal (disc pallor or choking or visual field defect 20/20 to 

20/60) 
Moderate (disc pallor or choking, visual field defect 20/60 to 

20/200) 
Marked (blindness, i.e., failure to perceive light, vision less 

than 20/200) 

*Note that in addition to classification by type of involvement, there is also a grading according to severity. 
From Werner, S. C : Classification of the eye changes of Graves' disease. J. Clin. Endocrinol. Metab. 29:782, 
1969. 

from it. The marked overlapping between the 
thyroid disorder and the eye disease may be 
due, first, to very close genetic and pathogenic 
pathways and, second, to a possible deleterious 
effect of the hyperthyroidism per se on an 
already precarious and vulnerable immunoreg-
ulatory system.31' 102' 293 295' 298 Some workers 
still contend that the pituitary may contribute 
to the genesis of these ocular manifesta
tions,80-86 even though severe exophthalmos 

can occur in patients who have undergone 
hypophysectomy.94 Moreover, TSH and its 
subunits are quickly suppressed in hyperthy
roidism.167223 This fact suggests that TSH has 
no role in the cause of the exophthalmos. 
Conversely, hypothyroid patients with mark
edly elevated TSH values do not develop ex
ophthalmos.183 In my view, therefore, the pi
tuitary may be excluded as a factor in the 
pathogenesis of exophthalmos. 
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Figure 13-7. A to C, Various ocular signs of Graves' 
ophthalmopathy. A Malignant exophthalmos with very 
severe chemosis. B, Exophthalmos with considerable 
proptosis, lid lag, and slight periorbital edema. C, Se
vere ophthalmoplegia. D, Use of exophthalmometer. E, 
Computed tomography (CT) scan of orbits showing 
increased size of medial rectus muscle, which is more 
marked on the right. 

Still another theory suggests that the burden 
of lymphocytes, thyroglobulin, and thyroglob-
ulin-antithyroglobulin complexes reaches the 
orbit from the lymphatics in a retrograde flow 
from the hyperactive thyroid itself.168'199 It has 
been proposed that these elements may cause 
the exophthalmos. However, the presence of 
immune complexes does not correlate with the 
presence or severity of exophthalmos.141'293295 

Moreover, the previous suggestion that eye 
muscle contains thyroglobulin has not been 
confirmed.163 218 Indeed, lymphocyte-induced 

damage to human eye muscle cells in vitro 
occurs independently of thyroglobulin.26 More
over, this theory cannot account for the fact 
that exophthalmos may predate the hyperthy-
roidism or follow it years later, and it cannot 
account for those cases of exophthalmos that 
have no thyroid disease whatever. Thus, the 
proposal that exophthalmos and hyperthyroid-
ism are very closely related but separate, over
lapping autoimmune entities seems the most 
acceptable. 

The treatment of exophthalmos remains em-
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piric.108 '141·168 '199 '306 Fortunately, in some pa
tients, the exophthalmos improves sponta
neously or may need no treatment. In others, 
the infiltration becomes pronounced and even 
intolerable. Local steroid-antibiotic ointments 
and systemic corticosteroids in large doses may 
improve the symptoms associated with such 
infiltrations. As well as large-dose corticoste-
roid therapy, immunosuppressive agents (aza-
thioprine, cyclophosphamide) have also 
proved useful either alone or in conjunction 
with steroids in severe cases of vision-threat
ening ophthalmopathy.108' 141· 168> 199' 306 Some 
workers have advocated injection of cortico
steroids into the orbit. Artificial teardrops 
(e.g., methyl cellulose) may add some symp
tomatic relief. Total surgical removal or ra-
dioablation of the thyroid has been proposed 
to relieve the exophthalmos, on the assump
tion that this may reduce the thyroid antigen— 
the putative cause, according to those investi
gators, of the exophthalmos.18'45321 However, 
total thyroid ablation,148' 226' 296' 319 pituitary 
ablation, and irradiation of the pituitary199 have 
not been shown to be effective. Radiation to 
the orbital tissue has achieved some success as 
treatment for active exophthalmos.141 199 Pre
sumably, the orbital radiation destroys the 
lymphocytes and reduces the infiltration. The 
use of plasmapheresis has met with limited 
success.59' 104' 153' 174'253'332 Some reports have 
suggested a beneficial role for cyclosporin A, 
for which a randomized control study would 
be of great interest.287'308 Other reports have 
shown no benefits from this agent.34'135'153 

Transantral decompression of the orbits or 
other direct operations on the eye may provide 
cosmetic and physical relief.108 However, these 
procedures may aggravate ophthalmoplegia, 
thus producing or aggravating diplopia. Oper
ations on the eye muscles to relieve diplopia 
may bring about considerable improvement 
but rarely produce a complete "cure."108 Be
cause hypothyroidism may aggravate but of 
itself does not cause exophthalmos, thyroid 
replacement therapy for that condition is most 
important. However, it should be administered 
to only those patients who are actually hypo-
thyroid; it will not ameliorate ophthalmopathy 
in euthyroid patients. 

Neuromuscular Manifestations 
In addition to nervousness and tremulousness, 
hyperthyroid patients may have profound mus
cular weakness that may even simulate pro

gressive muscular atrophy.64' 320 On the one 
hand, this weakness may disappear when thy-
rotoxicosis is treated; on the other hand, weak
ness due to my asthenia gravis, which occasion
ally coexists with hyperthyroidism, does not 
disappear when hyperthyroidism is treated.70 ' 
74,120,189,200,309 S o m e oriental patients may have 
"thyrotoxic periodic paralysis," manifested by 
profound muscular weakness; this condition is 
associated with low potassium concentrations 
and becomes evident only when the patient is 
hyperthyroid.75'76258 Cure of the hyperthyroid
ism also corrects the state of hypokalemia and 
muscle weakness. This disorder is due to the 
presence of a genetic trait for the muscle 
disorder, which can be expressed only if the 
patient is hyperthyroid due to a second, unre
lated genetic trait. The first genetic trait is 
confined almost entirely to Oriental popula
tions.334 

Thyroid Storm 

Crises that result from severe hyperthyroidism 
chiefly occur following subtotal thyroidectomy 
or other operations, as well as other types of 
stress that aggravate preexisting hyperthyroid
ism, e.g., infections, trauma, and dehydra
tion.137, 246 Thyroid storm is seen most com
monly in those who have been very ill and are 
suddenly exposed to marked hyperthyroxine-
mia. The patient develops marked hyperpy-
rexia; the body temperature sometimes 
reaches or exceeds 4i°c.137-246 The skin is often 
dry, and the patient generally has marked 
tachycardia, prostration, restlessness, and, 
rarely, apathy or delirium. Fortunately, the 
thyroid storm is rare and usually can be 
avoided by administering antithyroid drugs be
fore operation or other stress. Further specific 
therapy is discussed subsequently. 

Pathophysiology of Manifestations 
of Graves' Disease 
The nervous and mental disturbances may be 
a manifestation of increasing sensitivity to cir
culating epinephrine, although this proposal 
has not been established beyond doubt.182 Lev
els of epinephrine and catecholamine excre
tions are actually within normal limits.320 How
ever, beta-adrenergic blocking agents seem to 
yield some benefit in terms of the nervous 
system symptoms.182 

In animals, thyroxine decreases the thresh
old to convulsive stimuli, and electroencepha-
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lograms show increased fast wave activity and 
some bursts of tall spike waves. Sensenbach 
and colleagues256 have shown the cerebral 
blood flow to be increased and the cerebral 
vascular resistance to be decreased; there is a 
decreased arteriovenous oxygen difference, 
but cerebral oxygen consumption is said to be 
unchanged in hyperthyroidism. 

The muscle weakness described in this con
dition appears to be a catabolic disturbance.331 

Creatine excretion is elevated, as associated 
with the muscle wasting.280'331 Creatinine ex
cretion is initially higher in the acute phase of 
hyperthyroidism, but ultimately creatinine ex
cretion declines in the urine, as muscle mass 
is markedly diminished. 

Studies of cardiac function in hyperthyroid
ism have shown greater heart rate and stroke 
volume, greater cardiac output, and reduced 
circulation time.62'110'250 Coronary blood flow 
and myocardial oxygen consumption per 
stroke are increased. Circulating plasma vol
ume is elevated. The cardiac output in re
sponse to exercise is excessive in relation to 
the amount of oxygen consumed. There is also 
dilatation of superficial capillaries. These car
diac effects may be due to the additive or 
synergistic effects of thyroid hormone and epi-
nephrine.182'320 

Hématologie changes may be noted in hy
perthyroidism.87 Normocytic anemia is often 
seen and may relate to the catabolic state.87' 
126,242 A greater incidence of occult or overt 
pernicious anemia is seen in patients with 
Graves' disease.293295 In addition, the glucose-
6-phosphate dehydrogenase activity of eryth-
rocytes is increased in hyperthyroidism.87 The 
relative lymphocytosis, as commonly noted in 
the peripheral blood of patients with Graves' 
disease, may be due in part to the immunologie 
disturbance.293295 However, the total lympho
cyte count is often not affected, and thus the 
relative lymphocytosis may be due to an ab
solute diminution of neutrophils. This reduc
tion in neutrophils may in turn be due to 
antineutrophil autoantibodies.312 

Occasional patients with Graves' disease and 
thrombocytopenic purpura have been de
scribed, a coincidence of two autoimmune dis
eases.295 Platelets may have a reduced life span 
in hyperthyroidism in any event.320 

Gastrointestinal changes also occur in hy
perthyroidism. Weight loss is due to increased 
catabolism.320 There is an increase in peristaltic 
activity in this disorder, and the rate of ab
sorption from the intestinal tract is acceler

ated.39' 146 254'259 Liver enzymes, most particu
larly alkaline phosphatase, may be elevated, 
which may be due to relative hepatic hypoxia 
if the metabolic demand for oxygen exceeds 
the supply.101227 It has been suggested that in 
certain thyrotoxic patients, there is a great rise 
in the metabolites that must be detoxified by 
the glucuronyl transferase system, thus result
ing in a reduced rate of conjugation of various 
substrates.320 This would appear to account for 
the increased levels of free estradiol in hyper-
thyroid patients,53 which in turn would account 
for the findings of oligomenorrhea, palmar 
erythema, arteriolar cutaneous "spiders," and 
gynecomastia. In a male, there is often an 
increase of gonadotropins and testosterone.53 

As noted previously, there is also a higher 
incidence of associated autoimmune hepatitis, 
which will not respond to the treatment of the 
hyperthyroid state.295 

It is obvious that basal oxygen consumption 
is increased in hyperthyroidism.320 However, 
the greater rate of metabolism is associated 
with a less efficient coupling of oxidation and 
energy utilization than would be expected, and 
thus muscular work is inefficient.38a-232 Inter
mediary metabolism is also accelerated with 
increased rates of absorption, utilization, and 
degradation of all dietary elements.320 Hyper
thyroidism also increases the requirement for 
insulin191 and the turnover rate of cortisol.96 

Serum lipid values are depressed in hyperthy
roidism as a result of higher rates of degrada
tion of lipids.171-284 The catabolism of proteins 
occurs for similar reasons.159'236260 This cata
bolic state accounts for the weight loss and 
muscular weakness, as observed in hyperthy
roidism, and can be a factor in producing 
thyrotoxic cardiomyopathy.320 

Maturai Course 
Graves' disease is now rarely left untreated; 
however, the early medical literature pointed 
out that some patients go into spontaneous 
long-term remission without specific ther
apy.220251 Such remissions may be lifelong but 
in some instances they are only temporary. 
Some patients have recurrent remissions and 
exacerbations. In the majority, the disease 
remains constant and unremitting if untreated. 
A significant minority may even go on to 
spontaneous hypothyroidism as a result of con
tinuing autoimmune thyroiditis.65'142'176'328'329 

Because we cannot accurately predict the 
natural course in any one patient and because 
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the untreated disease often tends to be self-
perpetuating,220' 251 Graves' disease should at 
least be suppressed in all patients. The nature 
of the remissions that do occur spontaneously 
or after antithyroid drug therapy is of consid
erable interest.293'295 The presence of the his-
tocompatibilty gene HLA-Dw3 has been as
sociated with a high frequency of relapse, 
whereas the absence of the gene is more com
monly associated with long-term remissions.20' 
i38,2oi,278 j ^ i s findings however, has been chal
lenged.5 In many patients in long-term remis
sions, all immunologie stigmata of the disease 
disappear, including thyroid stimulating anti
body.201' 205'293'295 Thus, this form of remission 
may be considered an immunologie remis
sion.293' 295 It is possible that nondestructive 
treatment of the hyperthyroid state, such as 
with antithyroid drugs, which renders the pa
tient euthyroid also reduces the "stress" of the 
disorder.102298 Although antithyroid drugs may 
exert an immunosuppressive effect (see sub
sequent discussion), it is unlikely that long-
term remissions are brought about by this 
effect. The action of the drug is over within 
hours yet long-term remissions last for weeks, 
months, or years. Thus, it seems more likely 
that return to the euthyroid state seems to 
relieve the effect of the hyperthyroidism itself 
on the immune system and may restore the 
immune system to its former competence.102 

295b, 298 j n other patients, the remission may be 
caused by associated continuing thyroid dam
age due to autoimmune thyroiditis, which in
terferes with the gland's ability to respond to 
the still present thyroid stimulating immuno-
globulin. This group of patients will be "cured" 
by virtue of the thyroidal damage, which may 
go on further to spontaneous hypothyroid
ism.295 

It is a curious observation that in a very few 
patients, the reverse sequence may be ob
served. A few patients who have suffered from 
primary hypothyroidism due to autoimmune 
thyroiditis have recovered from this condition 
and ultimately have suffered hyperthyroidism 
due to Graves' disease.37'65'92'98'105'107' m 142a' 
187,235, 297 j ^ e mechanisms that underlie this 
curious sequence have not yet been elucidated. 

Diagnosis of Graves' Disease 
Frequently, the diagnosis of Graves' disease is 
readily made. The classic features of this dis
order are so widely known amongst physicians 
that when the condition is in full bloom, it is 

difficult to avoid recognition. However, it must 
be conceded that there are many patients who 
do not present with the classic picture of 
Graves' disease; when such patients have no 
exophthalmos and when the goiters may not 
be readily detectable, the symptoms may lead 
one to erroneous, often functional diagnoses. 
However, once the diagnosis of thyrotoxicosis 
has been entertained, the performance of 
appropriate laboratory procedures usually 
quickly elucidates the diagnosis. While thyroid 
function tests are considered in detail else
where in this text, some remarks are made 
here about the approach to be taken to the 
laboratory-based diagnosis of Graves' dis
ease.150 

In past generations, estimations of the basal 
metabolic rate (BMR) were commonly carried 
out, since the BMR is elevated in Graves' 
disease. However, the procedure is nonspecific 
and there are many méthodologie problems, 
particularly the difficulty in achieving a "basal" 
state; thus, this procedure has been largely 
abandoned. Likewise, the Achilles reflex time, 
which is usually shortened in hyperthyroid 
patients, is far too insensitive to be of value 
and is not utilized generally. 

The serum thyroxine (T4) concentration is 
the most important and widely available test 
of thyroid function, and this test combined 
with a T3 resin uptake or some other measure 
of thyroxine-binding globulin (TBG) is the 
most common means of at least "screening" 
suspected patients of having hyperthyroidism. 
As procedures for performing the free thyrox
ine directly become available, these may re
place the free thyroxine index as a first pro
cedure. 

In addition, the total serum triiodothyronine 
(T3) will be useful in Graves' disease, since 
there is usually a markedly increased T3/T4 
ratio.52 179-302 The total T3 is often dispropor
tionately higher relative to the total T4, owing 
to a disproportionate thyroidal production of 
T3, and may account for the severity of hyper
thyroidism in many patients with Graves' dis
ease. This is not the case in hyperthyroidism 
secondary to thyroiditis, in which the T3/T4 
ratio approximates that normally found, i.e., 
both hormones are proportionately elevated. 
Nearly all patients with hyperthyroidism have 
elevations of both serum T4 and T3 concentra
tions. In occasional patients with hyperthyroid
ism, the serum T4 concentration will be found 
to be within normal limits, whereas the serum 
T3 concentration is elevated (T3 thyrotoxi-
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cosis). T3 thyrotoxicosis may occur in instances 
when there is limited iodide intake. 

The clinical manifestations of T3 thyrotoxi
cosis are similar to those of hyperthyroidism 
in general, but it cannot be regarded as a 
separate entity. The frequency of this variant 
clearly changes from region to region, and in 
Toronto, Canada, it is on the order of 5%. 
The converse situation, i.e., clinical hyperthy
roidism with an elevated T4 but normal serum 
T3 levels ("T4 thyrotoxicosis"), has also been 
described.147 These so-affected patients appar
ently were so ill that extrathyroidal T4 to T3 
conversion was reduced sufficiently such that 
serum T3 concentrations had declined to within 
the normal range. It is therefore possible that 
T4 thyrotoxicosis, a rare finding, occurs in 
patients with hyperthyroidism complicated by 
other severe illnesses and primarily in elderly 
patients. Since there are other causes of ele
vated serum thyroxine and normal total serum 
triiodothyronine levels aside from hyperthy
roidism, e.g., dysalbuminemic hyperthyroxi-
nemia, antibodies to T4, elevated TBG, and 
exogenous thyroxine therapy, it will be neces
sary to investigate such a patient more thor
oughly to determine true thyroid status, as 
mentioned further subsequently. 

The converse situation, i.e., normal serum 
T4 and T3 concentrations, may be found in a 
patient with TBG deficiency who is actually 
hyperthyroid.173 Such a person would have low 
serum T4 and T3 concentrations when euthy-
roid but normal values when hyperthyroid. 
However, the T3 resin uptake is elevated, and 
estimations of free T3 and free T4 indices would 
clearly demonstrate high values consistent with 
hyperthyroidism. Direct measurements of free 
T3 and free T4 would show similar elevated 
results. 

The serum TSH determination is also useful 
to demonstrate hyperthyroidism. Heretofore, 
a low TSH value would not be sufficient of 
itself to indicate suppression of the thyroid 
gland by excess circulating thyroid hormones, 
since an undetectable TSH level by conven
tional radioimmunoassays is sometimes seen 
in completely normal persons.150 At present, 
however, using double monoclonal antibody 
technology, a new method for determining 
TSH has been developed, termed an immu-
noradioabsorbent (IMRA) procedure.214 This 
test is so sensitive that values below 0.3 mil-
liunit/L may be considered low and consistent 
with thyroid gland suppression. 

Utilizing even the conventional radioim-

munoassay, it has been possible to determine 
that TSH is truly suppressed. The means of 
demonstrating this point is by utilizing the TSH 
response to TRH.150 In normal persons, TSH 
responds two or threefold to the intravenous 
injection of 400 μgm of TRH. In hyperthy
roidism, by comparison, the response is flat. 
The TSH response is also low or absent in a 
normal person who is given small doses of 
exogenous thyroid hormones. The response is 
also similarly flat in patients with autono
mously functioning thyroid adenomas, despite 
normal levels of serum thyroxine and triiodo
thyronine. These observations are merely a 
reflection of the sensitivity of the pituitary 
TSH-secreting cells to inhibition by even the 
most minute increment of thyroid hormone. 

Another means by which thyroid autonomy 
may be shown is by a thyroid suppression test. 
The demonstration of autonomy in this fashion 
is not a demonstration of hyperthyroidism per 
se but of merely the fact that some or all of 
the thyroid tissue is not under the normal 
control of pituitary TSH and, therefore, cannot 
be suppressed by inhibiting TSH. 

The thyroid suppression test is usually done 
by determination of thyroidal radioactive io
dine uptake before and after administration of 
75 or 100 μgm of T3 daily for 7 to 10 days. It 
would be normally expected that the uptake 
would fall by 50% or more after this adminis
tration. A lesser fall in uptake willl be indica
tive of thyroid autonomy, but this is not nec
essarily proof of hyperthyroidism. 

Although estimations of thyroid stimulating 
antibody (TSAb) are not yet generally avail
able, they are indeed useful in confirming that 
hyperthyroidism is specifically due to Graves' 
disease. Thus, if TSAb results, when deter
mined by a bioassay that measures the gener
ation of cAMP in thyroid cell membranes that 
are positive, it can be stated with assurance 
that that patient does indeed have Graves' 
disease.293' 295 This procedure's results have 
been found to be positive in approximately 90 
to 95% of patients with active untreated 
Graves' disease, although these results are 
certainly influenced by treatment.295 The test 
is useful in following patients with Graves' 
disease in pregnancy, in neonatal Graves' dis
ease, and in antithyroid drug therapy. 

In Vivo Isotopie Tests. In most forms of hy
perthyroidism there is an increased thyroidal 
uptake of radioactive iodine. The 2-, 4-, and 
24-hour radioactive iodine uptake values are 
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usually, although not invariably, elevated in 
Graves' disease. The test can be sharply influ
enced, however, by iodine intake, including 
radiographie contrast dyes, and by some drugs. 
Elevated radioactive iodine uptakes may be 
found in patients with other thyroid disorders, 
such as Hashimoto's thyroiditis; patients with 
enzymatic defects, and patients in the recovery 
phase of subacute thyroiditis. The radioactive 
iodine uptake in the thyroid suppression test 
has been discussed. 

Thyroid scans are useful in confirming that 
the entire gland is involved in Graves' disease. 
In cases that are clinically obvious, in which a 
diagnosis can be made readily without such 
thyroid scanning, there is no great merit in 
doing such a procedure routinely. 

Hyperthyroidism in Pregnancy 
Hyperthyroidism occurs in about 2/1000 preg
nancies and has been associated with a signif
icant increase in the frequency of low birth 
weight infants.4142 Thyrotoxicosis during preg
nancy is more difficult to diagnose, and there 
are certain problems relative to treatment that 
are discussed in this chapter in the Manage
ment of Hyperthyroidism. Problems in diag
nosis relate to the fact that the euthyroid 
pregnant woman may manifest goiter, sweat
ing, and heat intolerance; moreover, test find
ings of thyroid function are appropriately dis
turbed, owing to the increase in thyroxine-
binding globulin secondary to hyperestrogen-
ism in normal pregnancy. Signs of true hyper
thyroidism, such as weight loss, may be ob
scured by the weight gain of pregnancy. 

Test results of thyroid function, as men
tioned previously, may be disturbed in normal 
pregnancy. Thus, the BMR is about 20% 
greater in normal pregnancy. Moreover, the 
serum thyroxine and total serum triiodothyro-
nine concentrations are elevated, whereas the 
T3 resin uptake is normally reduced. Free 
thyroxine values should be normal. 

In hyperthyroid pregnant women, the serum 
thyroxine and total serum triiodothyronine lev
els are often very markedly elevated, owing to 
the combined effects of increased TBG and 
the hyperthyroid state itself. The T3 resin up
take is not usually elevated but compared with 
its normal low value in pregnancy, it is rela
tively higher and is often in the normal range. 

It is of interest that Graves' disease often 
seems to be precipitated in the first trimester 
of pregnancy so that there may be a greater 

incidence of hyperthyroidism at this particular 
time. It is not clear what the factor or factors 
are that cause this precipitation of Graves' 
disease during the first trimester. In any event, 
during the third trimester, there is an amelio
ration of immune processes such that all anti
bodies decline during this period of gesta
tion.297 Thus, TSAb also usually declines, 
making it easier to control most patients with 
antithyroid drugs under these circumstances 
(see Antithyroid Drugs). In a small proportion 
of pregnant women with Graves' disease, how
ever, the levels of TSAb, while perhaps lower 
in the third trimester, are still exceedingly 
high. Since these antibodies are IgGs, they 
traverse the placenta without difficulty and, 
when present in high titer, can cause fetal and 
neonatal hyperthyroidism.293 295297 (This prob
lem is dealt with under Management of Hy
perthyroidism). Following delivery, TSAb be
gins to rise, and there are often relapses that 
occur a few months after the end of gestation. 
(The nature of this relapse is discussed else
where in this text in relation to post-partum 
thyroiditis. Further maternal and fetal consid
erations are discussed under Management.) 

Management of Hyperthyroidism 

The availability of many methods for the man
agement of hyperthyroidism permits a wide 
variety of therapeutic regimens, all of which 
result in either a temporary or permanent cure 
of the disease. There is a considerable differ
ence of opinion amongst thyroidologists con
cerning the correct approach to treating 
Graves' disease and this should be kept in 
mind as the following recommendations for 
therapy are discussed.703 

Antithyroid Drugs 

Antithyroid drugs can be employed as long-
term therapy for hyperthyroidism or as interim 
therapy prior to thyroid destructive therapy 
surgery or radioactive iodine. While antithy
roid drug therapy can be employed in forms 
of hyperthyroidism other than Graves' disease, 
there are special considerations in the latter 
that must be taken into account. In general, 
antithyroid drugs interfere with the production 
of thyroid hormone by the gland, and with 
appropriate dosage suppression of the disease 
can be effected.54,193,331 

The drugs formerly or currently in use to treat 
hyperthyroidism are the following thioureylenes 
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of various types: the thiouracils—propylthiour
acil (6-propyl-2-thiouracil, PTU), methylthiour-
acil (6-methyl-2-thiouracil, MTU), and thiouracil 
(2-thiouracil, TU)—and the imidazoles—meth-
imazole (l-methyl-2-mercaptoimidazole, MMI) 
and carbimazole ( 1 -carboxy-3-methy 1-thioimi-
dazole). They are structurally classified as thion-
amides (Fig. 13-8). Those drugs currently em
ployed in North America include PTU and 
MMI. Propylthiouracil is available in 50-mg and 
100-mg tablets and methimazole in 5-mg and 10-
mg tablets. Propylthiouracil has the following 
actions: 

1. It inhibits the peroxidase enzyme system 
of the thyroid gland, thus preventing oxidation 
of trapped iodide and subsequent incorpora
tion into iodotyrosines and ultimately iodothy-
ronine. 

2. It inhibits coupling with iodotyrosines. 
3. It inhibits the conversion of L-thyroxine 

(T4) to 1-triiodothyronine (T3) in peripheral 
tissues.54'193'331 

4. It has a mild immunosuppressive effect as 
demonstrated experimentally.202'204'206'239'305'307 

Indeed, Weetman and coworkers307 have ar-
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figure 13-8. Structure of antithyroid drugs in com-

gued that an immunosuppressive effect is cen
tral to the action of antithyroid drugs, although 
further evidence suggests that this may not be 
of importance under actual clinical circum
stances.143' 145'245'281b'295b'299a'314 The imidazole 
group lacks any peripheral effect on conversion 
of T4 to T3.54 193 Otherwise, the actions of these 
two drugs are similar. 

The use of such agents as antithyroid drugs 
had its origin in 1941. In that year and in 1943, 
MacKenzie and associates208'209 noted that rats 
that were administered sulfaguanidine devel
oped large goiters. The subsequent historical 
sequence of usage of thiourea and thiouracil 
by Astwood10' n has been reviewed by Lan
dau.177 Subsequently, extensive studies of ar
omatic antithyroid compounds indicate that a 
free aromatic hydroxyl moiety is necessary for 
maximal antithyroid action.275 Most experi
mental evidence supports the theory that an
tithyroid drugs act through their reducing ac
tion. Pitt-Rivers231 states that the antithyroid 
action of any compound may be expressed as 
a function of its reducing power and its pref
erential reactivity with iodine, thus inhibiting 
the formation of thyroid hormone. However, 
other reducing substances, such as cysteine and 
glutathione, do not interfere with thyroid hor
mone synthesis, although their ability to re
duce iodine is similar to that of thiourea.11 

Studies with purified enzymes have shown 
that the thionamides are inhibitors of specific 
enzymes, such as thyroid peroxidase, and thus 
prevent organic oxidative iodination in this 
fashion. Taurog274 has proposed that these 
drugs inhibit the formation of a peroxidase-
iodinium complex and that this inhibition is 
competitive with iodide over a limited range 
of drug concentrations. These results suggested 
that the thionamide drugs bind to the enzyme 
either at the same site as iodide or at a nearby 
site and that this binding interferes with the 
binding of iodide. There is also evidence that 
the thyroid peroxidase responsible for iodoty-
rosine synthesis also functions in the coupling 
of iodotyrosine to form iodothyronines. This 
reaction is also inhibited by PTU and MMI. 
There is further evidence that the thionamides 
inhibit the sulfenyl-iodide iodinating interme
diate, thus inhibiting thyroid iodinating reac
tions. However, there is no definite proof at 
present that a sulfenyl-iodide is involved in the 
iodination of thyroglobulin.274 

In addition to its primary effect of blocking 
oxidative iodination in the thyroid, PTU but 
not MMI interferes with the peripheral deiod-
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ination of T4 to T3. This inhibition of peripheral 
deiodination is associated with a decrease in 
the biologic effectiveness of administered T4. 
The question of an immunosuppressive effect 
is discussed subsequently. 

Absorption and Distribution in Humans. The 
absorption of thionamides appears to be very 
rapid and virtually total. The plasma half-life 
of MMI was found to vary between 6 and 9 
hours, whereas that of PTU was between 1 
and 2.5 hours.192 Both of these agents were 
found to localize within the thyroid gland. 

The duration of action of a single 5 mg dose 
of MMI in humans is longer than a 500 mg 
dose of PTU.266 This finding may be explained 
partly by the shorter plasma life of PTU com
pared with MMI and its rapid conjugation with 
glucuronic acid.193 Greer and colleagues113-116 

have proposed that a once daily administration 
regimen of PTU to a thyrotoxic patient is quite 
effective; while this may be surprising in the 
light of the aforementioned considerations, the 
important point has to do with the duration of 
action in the thyroid itself rather than the half-
life in the blood. There is now sufficient evi
dence that a once daily regimen of PTU is 
indeed quite effective. Previous data, employ
ing acute suppression of radioactive iodine 
uptake as an index, suggested that MMI was 
100 times as potent as PTU. Subsequent clin
ical trials indicated that the potency rate might 
be in the order of 10:1.54<192 

Indications for Use of Antithyroid Drugs 
1. Primary long-term therapy in an effort to 

bring about long-term remission. 
2. Treatment for hyperthyroidism during 

pregnancy or during childhood and adoles
cence prior to making a decision regarding 
ablative therapy. 

3. Treatment of hyperthyroidism so as to 
control the disease initially in a patient who 
will definitely require surgical or radioactive 
iodine therapy. 

4. Treatment of neonatal Graves' disease 
until the TSAb level declines. 
Each of these indications is discussed further. 

It is evident that the thionamide drugs will 
bring about remissions far more commonly 
than will beta-adrenergic blockers. Remissions 
after antithyroid drug administration have 
been reported in incidences between 31 and 
77%.192 Clinically, one may predict that pa
tients who are most likely to go into remission 
are those with small goiters and those with 

initial precipitations of hyperthyroidism by 
stress.293295 A reasonably good correlation has 
been reported between a high remission rate 
and an absence of HLA-DR3,20 1 1 3 · 2 0 1 - 2 0 5 ' 2 7 8 

although this finding has recently been chal
lenged.5 Moreover, if patients still manifest 
thyroid-stimulating antibodies at the end of 
their treatment period with antithyroid drugs, 
relapses are almost certain to occur.27'28'41 85' 
136, 151, 173, 201, 204, 205, 207, 210, 211, 217, 224, 237, 269, 293, 295 J n 

our clinic, therefore, patients under the age of 
50 years with small goiters are selected for 
long-term antithyroid drug therapy. The mode 
of administration, follow-up, and duration is 
discussed subsequently, as is the possible na
ture of the remissions that occur in this disor
der. 

The management of hyperthyroidism in 
pregnancy is discussed separately. Children 
and adolescents are treated with antithyroid 
drugs for prolonged periods of years if there 
is no problem with compliance, side effects or 
response.15 The objective would be to maintain 
them in a euthyroid state with this medication 
until remission occurs or until early adult life, 
since the ablative treatment of choice in this 
medical center is radioactive iodine. This is 
not employed for empirical reasons before the 
age of 20 years (see subsequent discussion). 
Otherwise, if there are problems in managing 
children or adolescents with antithyroid drug 
therapy (see Complications), subtotal thyroid-
ectomy should be undertaken.15 Treatment of 
passive-transfer neonatal Graves' disease is 
briefly considered subsequently. 

In patients who have large goiters, it has 
been the experience of many20'201'205-278 that 
remissions are rare after antithyroid drug ther
apy. However, in our view there are theoretic 
reasons for utilizing this modality of therapy 
for at least several months before ablative 
measures are taken. This approach is based 
upon our perspective of the pathogenesis of 
exophthalmos, which is considered by our 
group and others to be a very closely related, 
overlapping, but separate organ-specific au
toimmune disease.183293295 If this is so, then it 
too would be aggravated by adverse influences 
on suppressor T lymphocytes. Since hyperthy
roidism itself may represent such an adverse 
influence, it is wise to treat the hyperthyroid
ism with the objective of normalizing thyroid 
function. The objection to the use of radioac
tive iodine at an early juncture is that it ap
pears to stimulate autoantibody production, in 
contrast to thionamides that appear to reduce 
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antibody production, perhaps by increased thy
roid antigenic presentation by the disintegrat
ing thyroid cells or by a direct but deleterious 
effect on suppressor T lymphocytes.203'229 It 
has thus become our practice to use antithyroid 
drugs for several months before radioactive 
iodine is administered in the hope that this 
may reduce the tendency to develop 
exophthalmos320 or may reduce the progressive 
nature of the exophthalmos, although this pro
posal remains highly theoretic and unproven. 

Patients over the age of 50, whether HLA-
DR3 positive or negative, are treated in the 
same manner, with a few months of antithyroid 
drug treatment followed by radioactive iodine 
therapy. The same is done for patients with 
other associated disease, e.g., heart disease 
and diabetes mellitus, even for those under 
the age of 50. Patients who might go into a 
remission after a course of thionamide may 
relapse later, and elderly patients and those 
with other associated diseases may suffer fur
ther and severely with such relapses. More
over, while post-131I thyroiditis is rarely of 
clinical significance, the hyperthyroxinemia as
sociated with the thyroiditis is avoided by prior 
antithyroid drugs therapy. In the categories of 
patients under consideration, even mild thy
roiditis might aggravate associated diseases. It 
is for these reasons that patients in these 
categories are first treated with antithyroid 
drugs and then, ultimately, treated in a defin
itive manner with ablative therapy. 

Dosage and Selection of Antithyroid Drugs. 
The usual starting dosage of methimazole or 
carbimazole is generally 30 mg daily. While 
this certainly can be given in divided dosages, 
Greer and associates113-116 have shown that 
there is no benefit to be derived by such a 
regimen and recommends a single daily dose 
of this medication. Since the metabolism of 
this agent, as stated, is much slower than that 
for propylthiouracil, there is no benefit to be 
derived by dividing the doses during the day. 
Seidel and coworkers255 have advocated even 
lower starting and maintenance dosages of 
methimazole than those usually recom
mended.255 

The general practice with propylthiouracil is 
to give divided doses, particularly at the outset. 
The usual initiating dose is 100 mg, four times 
daily, although this can be varied, depending 
on the severity of the illness and the size of 
the patient. Dosages as high as 1200 mg/day 
have been employed, although it is my practice 

to initiate the medication with a standard daily 
dosage of 400 mg/day, to determine whether 
it is effectual, and to vary the dose accordingly. 
Even with propylthiouracil, however, Greer 
and colleagues113-116 have recommended that it 
may also be administered on a once daily basis 
and that clinical results do not differ from a 
regimen based on divided dosage. Neverthe
less, most physicians are more comfortable 
with multiple daily doses, although this is 
clearly unnecessary with methimazole. In any 
event, as the patient improves and as the 
thyroid function test results indicate high nor
mal values, the dosage of the drug is reduced 
in a step-wise fashion. Quite often it is possible 
to maintain patients in a euthyroid state with 
as little as 50 or 100 mg of propylthiouracil 
once daily or 5 mg of methimazole once daily. 
Indeed, if patients cannot be readily managed 
in this fashion and continue to require high 
dosage regimens remissions are not to be an
ticipated, and ablative therapy is the ultimate 
therapy. 

Carbimazole is rapidly converted to meth
imazole both in vitro and in vivo. It is for this 
reason that carbimazole is no longer to be 
found in the pharmacopeia of some countries. 

Complications of Antithyroid Drug Therapy. 
Complications of antithyroid drug therapy re
late to the following: (1) difficulties in control
ling the hyperthyroidism of a few patients with 
reasonable dosage schedules, (2) problems 
with compliance, and (3) untoward reac
tions.54' 193'283'331 We will deal only with the last 
item in this section. 

Generally, toxic reactions will be observed 
in a very small proportion (about 4%) of 
patients, within 8 to 12 weeks of the initiation 
of a course of treatment and are very rare 
during prolonged therapy. However, they may 
be seen more commonly if the medication has 
been discontinued, only to be restarted several 
weeks or months later; the incidence of unto
ward side effects in the second or later courses 
is certainly much greater than in the initial 
course. 

The most important complication is that of 
agranulocytosis.54' 193, 283, 331 The incidence of 
this side effect is very low and may be on the 
order of 0.5%. This rare problem does not 
appear to be dose related and occurs quite 
precipitously. There is thus no point in per
forming weekly leukocyte counts on patients 
who take this medication. Generally, agranu
locytosis is completely reversible if the medi-
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cation is discontinued early after symptoms 
occur. It is thus very important to warn the 
patient about the symptoms, such as a severe 
sore mouth or throat associated with a fever. 
Even more rarely aplastic anemia and throm-
bocytopenia have been reported. 

Other somewhat more common but less se
vere side effects include pruritus, urticaria, 
maculopapular rashes, arthralgia, and fever; 
rare effects include hepatitis and a transient 
form of apparent disseminated lupus erythe-
matosus.8'271 Chevalley and associates51 have 
found a total incidence of 4.3% of toxic side 
effects with methimazole therapy. 

Instructions to Patients and Follow-up. Be
cause of the aforementioned complications, it 
is very important to instruct patients what to 
expect from the thionamide drugs. Thus, pa
tients must be instructed to watch for acute 
symptoms, which may be related to the com
plications described. These would include a 
severe sore mouth and throat, fever, joint 
pains, or rash. If they suffer any of these 
symptoms the medication must be discontin
ued at once and appropriate laboratory tests 
carried out. Most important, as mentioned, 
would be a leukocyte count, since agranulo-
cytosis is the most severe and dangerous com
plication of these drugs, albeit a rare side 
effect.154' 193' 283< 331 Incidentally, it should be 
emphasized that moderate granulopenia and 
leukopenia are common in active, untreated 
Graves' disease and are of no real concern.312 

It is only when the granulocytes virtually dis
appear that the condition is manifest. 

If the agent is quickly discontinued, most 
patients recover without any specific measures. 
This is likewise true for the various other 
complications listed. The agent must not be 
started again on any account. Furthermore, 
while there is not complete cross-reactivity 
between the various thionamides, there is still 
significant chance that by changing from meth
imazole to propylthiouracil or vice versa, the 
same complication will ensue. Thus, when se
vere complications occur with thionamide 
drugs, further use of these agents should be 
eschewed. 

Fortunately, most patients do not have any 
complications with these drugs and all but a 
few respond quite favorably in terms of im
provement of the hyperthyroid state. Patients 
are monitored at first at monthly intervals and 
as improvement continues, at longer and 
longer intervals. 

THYROID DISORDERS 

There is no established period of time that 
has been proved to be optimal in a course of 
antithyroid drug therapy. Remissions have 
been known to occur within several weeks,114' 
115 although it has been suggested that much 
longer periods up to 2 years provide the most 
optimal percentage of remissions.272 It is gen
erally found that half or less of all patients 
who satisfactorily complete a 1-year course 
have permanent remissions. The remainder 
need repeated courses of antithyroid drug ther
apy, need to be maintained on the drug indef
initely, or need to be provided with some other 
form of treatment. 

Patients are initially seen every 4 weeks, 
examined, and samples for tests of thyroid 
function drawn. As clinical and biochemical 
improvement is observed, in our clinic it is 
customary to reduce the dosage of the thion
amide so as to titrate dosage against response. 
This is in accord with the basic pharmaco
logie principle to use the minimal dosage of 
an agent that will cause appropriate clinical 
benefit. Thus, we are not in accord with the 
view that large doses of thionamide should 
be continued while thyroxine is ad
ded so as to prevent hypothyroidism.143'205244 

If the patient does become hypothyroid the 
dosage of antithyroid drug should be reduced 
further. 

If the objective is to attempt to keep patients 
on antithyroid drugs until they are in remis
sion, the duration of treatment is subject to 
only arbitrary guidelines. Greer and asso
ciates113-116 use only a short course of about 3 
months and then stop the medication abruptly. 
In our clinic the medication is continued for 1 
to 2 years, albeit at a low daily dosage. Ease 
of management with small doses; a reduction 
in the size of the goiter; a change in TSAb 
from positive to negative; and an absence of 
HLA-DR3, according to some workers, are all 
good prognostic signs favoring an immunologie 
remission. 

After the patient has taken the thionamide 
for approximately 1 year, the medication is 
gradually withdrawn, and the patient is moni
tored at intervals thereafter. In some clinics a 
triiodothyronine-thyroid uptake suppression 
test is performed at the conclusion of the 
period of therapy. If the thyroid behaves nor
mally that is evidence that the thyroid is under 
physiologic control and that immunologie re
mission has occurred. Most relapses are seen 
within 6 months, although some patients de
velop recurrent hyperthyroidism after several 
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years of remission (Fig. 13-9). The T3 suppres
sion test findings, if normal, certainly indicate 
at least a short-term remission but do not 
necessarily favor a permanent remission.54'193331 

Effect of Thionamides on Thyroid Autoanti-
body Formation. Antithyroid drugs bring 
about effects on the immune manifestations 
which are both direct and indirect. Long-term 
antithyroid drug therapy will cause the lym
phocytes within the thyroid gland to decline in 
number or to disappear altogether.21'22 Fur
thermore, Pinchera and associates229'230 have 
noted a decline in long-acting thyroid stimu
lator (LATS) activity and in the thyroid auto-
antibodies in many cases of Graves' disease 
during the course of antithyroid drug therapy. 
A decline in thyroid antibodies associated with 
such therapy has also been noted by Feldt-
Rasmussen and coworkers185 and by Marcocci 
and coworkers.194 Using thyrotropin-binding 
inhibitory immunoglobulin (TBII) or TSAb 
assays, similar results have been reported by 
other investigators (Fig. 13_10).27'28>41>*5,86, i*. 
151, 173, 201, 205-207, 210, 211, 217, 224, 237, 269, 277 J n t h e s e 

various series there was a trend towards nor-
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Figure 13-9. The incidence of relapse after antithyroid 
drug—induced remissions. It is of interest that most 
relapses occur within a few years after the initial 
remission. (Redrawn from Solomon, D. H., et al.: 
Prognosis of hyperthyroidism treated with antithyroid 
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A. M., et al.: Prediction of relapse in hyperthyroid 
Graves' disease. Lancet 2:1101-1103, 1980 (with per
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malization of results beginning as early as 1 
month after the initiation of therapy. How
ever, in all these series many patients showed 
no declines in these values during thionamide 
treatment, although this proportion varied 
from 16%224 to 50%.210'211 Similar observations 
have been made with respect to cell-mediated 
immunity, using the migration inhibition factor 
(MIF) procedure.133 

There is evidence that the antithyroid drugs 
are, at least weakly, immunosuppressive.106122' 
202,206,207,239,303,305 McGregor and Weetman and 
associates,201' 202< 204>205-207' 305>307 have suggested 
that this effect may account for the decline in 
TSAb and thyroid autoantibody titers and have 
argued that this effect is responsible for the 
remissions that occur after a course of antithy
roid drugs (ATD).307 Rennie and associates239 

have experimental evidence that methimazole 
reduced the inflammatory reaction in induced 
autoimmune thyroiditis. This group has also 
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shown evidence that this effect is mediated by 
preventing oxidative reactions within the mac
rophages (antigen-presenting cells).305 This ev
idence strengthened their contention that the 
therapeutic effect noted in Graves' disease 
from antithyroid drugs is mediated by the 
immunosuppressive effects of these agents. 
However, such an explanation would not ac
count for those patients who manifest no de
clines, although their thyroid hyperactivity 
may be simnilarly well controlled. Moreover, 
it would not suffice to explain the long-term 
remissions, which may persist following cessa
tion of such therapy since the pharmacologie 
and immunologie effects would not persist 
after the drug was discontinued.133 Moreover, 
Wenzel and Lente314 have shown a decline in 
thyroid stimulating antibody during the treat
ment of Graves' disease with potassium per-
chlorate, which is a drug not known for any 
immunosuppressive activity, similar to that ob
served with thionamides. Furthermore, the in-
trathyroidal concentration of methimazole was 
considered too low by Jansson and col
leagues143 to have such an immunosuppressive 
effect on lymphocytes. 

Two studies have shown that antithyroid 
drug causes no reduction in thyroid autoanti-
bodies in patients with euthyroid Hashimoto's 
thyroiditis,145 245 thus contradicting an earlier 
study by McGregor and coworkers202 on this 
point. Moreover, there is a reduction of HLA-
DR (la) bearing activated T lymphocytes that 
occurs when patients take antithyroid drug for 
treatment of Graves' disease; this action of the 
antithyroid drug appears to be indirect (me
diated through effects on the thyroid cell), 
since antithyroid drug applied to T lympho
cytes in vitro has no such effect.2813 Thus, while 
not ruling out an immunosuppressive effect of 
thionamides which may well occur, I feel that 
it is more likely that normalization of the thy
roid status is a more important element in favor
ably influencing the immunologie disturbances 
in appropriate, susceptible patients. The com
plex manner by which antithyroid drugs might 
bring about remissions through their effects on 
the thyroid cells is depicted in Fig. 13-
H.28ib, 295b, 299a T h e effect o f excessive thyroid 
hormone concentration on the immune system 
has been dealt with elsewhere,102293295'298 and 
it appears to be consistent with a direct or 
indirect adverse effect of hyperthyroidism per 
se on suppressor T lymphocyte function. 

In most of the aforementioned series, the 
experience was that if a patient was still TBII 

or TSAb positive after prolonged antithyroid 
drug therapy despite a euthyroid state while 
on the medication, cessation of the drug was 
virtually always associated with almost imme
diate recurrence. When TSAb remained in the 
normal range, remissions were usually main
tained, although some patients in this group 
would experience relapses.224 Certainly, if a 
patient who is TSAb negative subsequently 
becomes TSAb positive, relapse will fol
low.277278 Thus, these tests are of value for 
predicting remissions, but the value of the 
procedure seems to vary from laboratory to 
laboratory. Two notable exceptions were the 
study of Docter and colleagues,69 which did 
not find the TBII to be of predictive value, 
and the study of Romaldini and colleagues244 

of TSAb, which reached similar conclusions. 
McGregor and coworkers201' 205 have con

firmed the observation of Bech and co-
workers20 (Table 13-5) that those patients with 
Graves' disease with HLA-DRw3 are very 
much more likely to relapse after cessation of 
antithyroid drug therapy when compared with 
those without this gene. Of patients in remis
sion (13 of 40) following such treatment, none 
was positive for HLA-DRw3 and all showed 
declines in TBII. Of the 27 patients in their 
study who relapsed, 22 (81%) were HLA-
DRw3 positive, and the remaining five had 
persistent elevation of TBII activity at cessa
tion of therapy (see Fig. 13-10). This group 
concluded that analysis of these two indices 
allowed prediction of relapse. Similar obser
vations were subsequently made by Teng and 
associates.277' 278 However, Allanic and co-
workers5 have found that HLA studies were 
of no predictive value in respect to remissions. 
(The relationship of remissions to the HLA-B 
and D genes is further discussed subsequently.) 

The Nature of Remission in 
Graves' Disease 
Even in the early accounts of Graves' (Base-
dow's) disease, it was recognized that the dis
order was one of remissions and exacerba
tions.220' 251 However, the nature of such 
remissions has been unclear heretofore and 
only recently has it been possible to at least 
formulate a hypothesis regarding the mecha
nisms involved. 

It is clear that in Graves' disease there may 
be several forms of clinical remission.40 One 
may be due to 131I ablation or surgical removal 
of sufficient tissue to prevent recurrence by 
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Figure 13-11. A Hypothesis for the pathogenesis of 
Graves' disease (GD). The basic factor necessary for 
the development of GD is considered to be the human 
leukocyte antibody (HLA)-related, genetically induced, 
organ-specific defect in suppressor T lymphocyte (Ts) 
function. Precipitating factors from the environment 
(e.g., stress, infection, drugs, trauma) may cause a 
reduction in generalized Ts function and number, 
which are additive (superimposed) on the organ spe
cific Ts defect. The resultant is to reduce suppression 
of a thyroid-directed helper T lymphocyte (Th) popu
lation. The specific Th will then in the presence of 
monocytes and, of course, specific antigen produce 
interferon gamma (IFI%) and will also stimulate spe
cific B lymphocytes to produce thyroid stimulating 
antibody (TSAb). TSAb, similar to thyroid-stimulating 
hormone (TSH) stimulates the TSH receptor and will 
result in increased thyroid hormone production and 
increased thyroid antigen (e.g., microvillar antigen) 
expression. ΙΡΝγ causes HLA-DR expression on the 
thyroid cell surface, and this effect is enhanced by 
TSAb and TSH. Thus, antigen presentation by the 
thyroid cell occurs directly, requiring the presence of 
the antigen and HLA-DR expression; this activates and 
stimulates the specific Th further and the cycle is 
repeated. Moreover, excess thyroid hormone acts on 
generalized suppressor T lymphocytes, reducing their 
number and function, further stimulating Th and 
adding to the cycle and, thus, perpetuating the dis
ease. Without the specific Ts abnormality, however, 
continued cycling does not occur and the process 
would soon end. B, Induction of remissions in GD with 
antithyroid drugs (ATD). The sequence depicted in A 
is interrupted by ATD acting on the thyroid cells 
directly. The primary action is to reduce thyroid hor
mone production (1). This normalization of thyroid 
function releases the inhibition of nonspecific Ts and 
that function returns to normal (2); the additive effect 
on the basic organ specific Ts defect is thus lost. 
Suppression of the specific Th population is brought 
about (3) in that subset of patients who do not have 
severe organ-specific Ts defect. This results in a re
duction of IFN7 production and reduced Th stimulation 
of B lymphocytes to produce TSAb (4). The combined 
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reduction of TSAb and ΙΓΠγ will decrease thyroid antigen and HLA-DR expression, i.e., antigen presentation by 
the thyroid cell; there will also be reduction of thyroid cell hormone production (5). The reduced hormone 
production will further lessen Ts inhibition, decreasing the Th activity, and similarly reduced antigen presentation 
will have the same effect (6). This beneficial cycle will then repeat itself but will not occur in a patient with a 
severe organ specific Ts defect. 

Table 13-5. The Association Between HLA-B8 and Dw3 and Remissions and Relapses after Antithyroid Drug 
Therapy in Patients with Graves' Disease* 

Patients or Controls 

normals 
Untreated Graves' disease 
Patients with relapse after antithyroid 

drugs 
Patients without relapse 

HLA-B8 
Present 

23.7% 
40 (47%) 
26 (54%) 

5 (27%) 

Absent 

76.3% 
46 (53%) 
22 (46%) 

13 (73%) 

HLA-Dw3 
Present 

21% 
44 (51%) 
31 (65%) 

6 (33%) 

Absent 

79% 
42 (49%) 
17 (35%) 

12 (66%) 

Numbers 

86 
48 

18 

♦Reproduced from Bech, K., Lumholtz, B., Nerup, J., et al.: HLA antigens in Graves' disease. Acta Endocrinol. 
86:510-516, 1977, with permission. 
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virtue of an insufficient thyroid remnant. How
ever even without such destructive therapy, 
continuing spontaneous thyroid damage may 
bring about remission, probably as a result of 
a continuing immunologie process.65'142,176 328,329 

Other possibilities in the context of continuing 
immune processes include an alteration of 
TSAb to another, nonstimulating form of 
TBII, even with the TSH blocking propensities 
as described by Endo and associates73 and 
Konishi and associates.166 This sequence of 
events has not yet been proven to actually 
occur, but at least is within the realm of 
possibility. Another possibility, suggested by 
Van der Heide and coworkers289 and Feldt-
Rasmussen and coworkers,85 is that immune 
complexes may arise that interfere with the 
ability of the antibody to produce its effects. 

Another important form of remission is one 
in which all immunologie stigmata of the dis
ease disappear, including thyroid autoantibod-
ies, TBII, TSAb, and evidence of sensitization 
of T lymphocytes.27'28'61·86'121-136'151·173'194'201' 
204, 206, 217, 224, 229, 230, 237, 269, 277, 278, 293, 295 J|- g e ^ m S 

possible that this form of remission can occur 
only in a patient with a partial defect in im-
munoregulation, i.e., a partial defect in a sin
gle antigen-specific clone of suppressor T lym
phocytes, a defect susceptible to further 
depression by "stress" and which is therefore 
reversible when that circumstance is overcome 
(see Fig. 13-11). There is also evidence that 
prolonged and severe hyperthyroidism per se 
has an adverse effect on suppressor T lympho
cytes,102' 293' 295' 295a' 298 thus acting as a self-
perpetuating factor, after stress has initiated 
the disease possibly by the mechanism just 
described. The restoration of a euthyroid state 
by whatever means (e.g., antithyroid drugs, 
131I, surgery) should relieve the situation, since 
the possible effects of excessive thyroid hor
mones themselves directly on the immune sys
tem, as well as on the adrenocortical system, 
would be reversed under these circumstances. 
Similarly, social factors; rest; passage of time; 
clearing of infection; use of sedation and other 
nonspecific measures, such as beta-adrenergic 
blockers, would each serve to reduce "stress," 
thus allowing the partially defective immuno-
regulatory system to be restored to its previous 
functional capacity; thus, the thyroid-directed 
"forbidden" clone of helper T lymphocytes 
would again be suppressed and the disease 
would go into immunologie remission. Such 
mechanisms could also account for the spon
taneous remissions that were observed long 

before any specific therapy became avail
able.220' 251 Of course, such patients would be 
prone to recurrence if similar "stressful" 
events were experienced later. Stress in this 
sense is used in a biologic (immunologie) 
sense, rather than in a purely emotional sense. 
Clearly "stress" is important only as it is per
ceived by the organism and in relation to the 
physiologic (e.g., hormonal, immunologie) re
sponse to it. What is required to prove this 
aspect is some sensitive means of measuring 
suppressor T lymphocyte function in response 
to such events in appropriate genetically pre
disposed persons.3 

The person with a presumed complete defect 
would not be expected to go into immunologie 
remission, no matter how long antithyroid drug 
was continued or what form of therapy was 
employed. Only those remissions associated 
with continuing immunologie activity directed 
to the thyroid, thyroid destruction, or both 
would occur in this group. This observation 
would be in accord with the continuing evi
dence of humoral and cell-mediated immunity 
in some patients following antithyroid or other 
forms of therapy.133 

There is some genetic evidence, previously 
mentioned, that is consistent with this concept. 
Irvine and colleagues138 first showed in 1977 
that those patients with Graves' disease who 
lack HLA-B8 are more likely to go into remis
sion, whereas those patients who demonstrate 
HLA-B8 are likely to relapse. This was also 
confirmed by Stenszky and coworkers.268 Sim
ilarly, Bech and associates20 have shown that 
the presence of HLA-Dw3 is found in signifi
cantly higher numbers in those who relapse, 
and conversely in much lower numbers in those 
who remit (see Table 13-5). This finding, as 
previously noted, has been confirmed by 
McGregor and coworkers201,205 and Teng and 
coworkers,277,278 but not by Allanic and co-
workers.5 Thus, there may be a genetic basis 
for the ability to remit or relapse, which is also 
consistent with the aforementioned hypothesis 
for remission. Those with the presumed defect 
in immunoregulation may be more closely re
lated to HLA-B8 and Dw3 (DR3), when com
pared to those who have only a partial defect 
and hence the possibility of undergoing immu
nologie remission. However, this point is now 
controversial and awaits further clarification.5 

The effect of hyperthyroidism on the immune 
system and the nature of the remission are more 
fully discussed elsewhere102'293-295'295a'298'299a 
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Incidence of Remissions After 
Antithyroid Drug Therapy 
Marchant and coworkers192 have summarized 
the incidence of remission following thionam-
ide drugs and have documented a range of 
between 31% and 77% from 1950 to 1973. 
Greer and colleagues113116 use a short-term 
antithyroid drug regimen and have likewise 
shown a 46% remission rate, which is virtually 
the average for the reported series. 

This rate of remission exceeds that seen with 
propranolol quite significantly, where the re
mission rate has been reported to between 22 
and 36%.185' 196' 212' 228 For reasons already 
stated, it is unlikely that the thionamides will 
bring about remission by virtue of their im-
munosuppressive effects; normalization of thy
roid function seems to be the more likely route 
by which remissions are effected.2993 Thus, the 
difference between the remission rate brought 
about by thionamide and that by propranolol 
therapy may be the result of the normalization 
of thyroid function with thionamides which 
does not occur with beta-adrenergic blockers 
(see Fig. 13-11). 

Relapses after remissions occur in about half 
of patients. Solomon and colleagues261 have 
observed that in patients who were in definite 
remission following a single course of antithy
roid drugs, 23% had a return of hyperthyroid-
ism by the end of 3 months. However, after 3 
months, the rate of relapse progressively de
clined and by the end of 4 years, 57% were 
still well (see Fig. 13-9). As mentioned, it is 
possible that relapses may be expected in pa
tients who possess the HLA-DR3 antigen, thus 
providing a genetic basis for relapses versus 
continued remission. 

Other Antithyroid Drugs 
Lithium. Lithium salts have been found to 
have significant goitrogenic and antithyroid 
effects. These agents have been noticed to 
have calming effects in manic patients and are 
utilized widely in psychiatric practices. Lithium 
owes its antithyroid action in part to direct 
inhibition of thyroid hormone release,100276 an 
action qualitatively and quantitatively similar 
to that of iodine.276 In vitro studies have shown 
that lithium inhibits colloid droplet formation 
stimulated by cAMP, a critical step in hormone 
secretion.255 It appears to prolong the frac
tional rate of disappearance of T4 from the 
extrathyroidal pool, possibly by inhibiting T4 

to T3 conversion.155' 158'263>276 it has thus been 
suggested that lithium might be employed in
stead of thionamides when a rapid reduction 
of excessive secretion of thyroid hormone is 
required, such as in thyroid storm.100'158'180'263 

However, a controlled trial has shown no ad
vantage of lithium over moderate doses of 
thionamides.170 Furthermore, many of the pa
tients treated in this manner developed severe 
side effects, thus making lithium unacceptable 
as a routine antithyroid agent. 

Potassium Perchlorate. Potassium perchlorate 
has not frequently been utilized for the treat
ment of hyperthyroidism in the past two dec
ades, primarily because of early reports that 
aplastic anemia and nephrotic syndrome were 
not infrequent.713' 172 However, Wenzel and 
Lente314 have studied potassium perchlorate 
and found that doses lower than 1000 mgm/ 
day have fewer side effects than thionamides. 
Potassium perchlorate competes as a halogen 
with iodide for the thyroid trap and thus acts 
as an antithyroid drug. Wenzel and Lente314 

found that this agent was very effective, nor
malizing thyroid function as quickly as did the 
thionamide drugs and bringing about a decline 
in thyroid stimulating antibody activity as rap
idly as did thionamides. Since there is no 
evidence that potassium perchlorate is directly 
immunosuppressive, this observation suggests 
that normalization of thyroid function, with a 
consequent positive effect on the immune sys
tem, may be the most important element in 
reducing thyroid stimulating antibody and 
bringing about remissions (see previous discus
sion). Clearly, this agent requires further 
study. 

Iodides. The acute, transient inhibitory effect 
of iodide on thyroid hormone synthesis (Wolff -
Chaikoff effect) depends on the intrathyroidal 
rather than the plasma iodide concentration 
and may be induced by the administration of 
approximately 2 mg of iodide to a normal 
subject.265 However, the normal and hyper-
functioning thyroid soon escapes from the in
hibitory effect of iodide on hormone synthesis 
by decreasing the active transfer of iodide into 
the thyroid.307 A more important therapeutic 
effect of iodide is its ability to promptly inhibit 
thyroid hormone release, especially from the 
hyperfunctioning gland.36221 Although iodides 
decrease hormone release and subsequently 
lower the plasma concentration of T4 and T3, 
thyroid hormone synthesis continues at an ac-
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celerated rate, resulting in a gland rich in 
stored hormones.72 Decreases in serum T4 and 
T3 concentrations occur for a few weeks but 
normal values are not always achieved.72 Upon 
withdrawal of iodide, thyrotoxicosis will often 
become more severe, owing to the rapid re
lease of stored hormones.35 Iodides should not, 
therefore, be used for long in the treatment of 
thyrotoxicosis. The administration of 1 mg of 
iodide daily in addition to thionamide drug 
therapy may result in a more rapid fall in the 
serum hormone concentration during the early 
stage of treatment as compared with thion
amide therapy alone.152 Occasionally in some 
hyperthyroid patients large doses of iodide 
may aggravate the hyperthyroidism or indeed 
precipitate hyperthyroidism in persons previ
ously euthyroid (Jod-Basedow's disease).55 Pa
tients with nontoxic goiter, typically in the 
presence of iodine deficiency, but now increas
ingly in its absence, may become thyrotoxic on 
iodine therapy.288 

The two most commonly used iodine prep
arations are Lugol's solution, containing 5% 
elemental iodine and 10% potassium iodide, 
or a saturated solution of potassium iodide 
(SSKI) containing 1 gm of potassium iodide/ 
ml. There is no documented advantage to using 
dosages in excess of 6 to 8 mg/day. Inorganic 
iodide, in the treatment of toxic diffuse and 
toxic nodular goiter, is reserved for the follow
ing: (1) neonatal thyrotoxicosis or thyroid 
storm, (2) preoperative preparation for thy-
roidectomy in association with thionamide, 
and (3) controlling serum thyroid hormone 
levels in the period after radioiodine 
therapy.35'192 

Finally, large quantities of iodide may result 
in toxic reactions including acneform rashes, 
salivary gland swellings, and gynecomastia. 

Iodine-containing Radiologie Contrast Media 
and Drugs. Various radiologie contrast media 
that share a triiodo- and monoaminobenzene 
ring with a propionic acid chain (e.g., iopanoic 
acid) strongly inhibit the conversion of T4 to 
T3 peripherally. A similar "low T3" syndrome 
has been described with amiodarone, a drug 
given in coronary artery disease. The effect of 
these compounds is not due to the iodine 
content but to competitive inhibition of con
version related to their structures, which re
semble thyroid hormone analogues.313 Some
times, however, a combined effect is observed, 
with both iodide effects (e.g., Jod-Basedow's 
hyperthyroidism) and conversion inhibition ef

fects. The result depends upon which element 
is most predominant. The potential of such 
agents as antithyroid drugs has yet to be fully 
explored; while preliminary evidence with io
panoic acid had suggested that this is of limited 
clinical value,123' 247 another report indicated 
that sodium ipodate was effective and useful 
for long-term treatment of Graves' disease.2563 

The Use of Antiadrenergic Agents in 
the Management of Hyperthyroidism 

Although the adrenergic component of hyper
thyroidism has been recognized fot many 
years, antiadrenergic agents were not used in 
the treatment of hyperthyroidism until 1957. 
In that year, Canary and associates43 first used 
oral or intramuscular reserpine to control 
many of the manifestations of hyperthyroidism 
in a small group of patients; reserpine is a 
Rauwolfia alkaloid that blocks the uptake and 
storage of norepinephrine and epinephrine, 
resulting in an overall depletion of tissue cate-
cholamines. The agent appears to relieve the 
rapid heart beat, sweating, and heat intoler
ance within a few weeks after commencement 
of therapy. There is also some improvement 
in tremor, lid lag, stare, and convergence. 
Unfortunately, reserpine is rather slow in its 
onset of action, can actually aggravate some 
features of hyperthyroidism, and can lead to 
depression. It has thus gone out of common 
usage.182 

Another agent that was studied in the 1960s 
was guanethidine, which acts at the terminal 
ends of the sympathetic nerve fibers to block 
the release of catecholamines. If used for any 
duration it also results in a depletion of stored 
tissue catecholamine. Levey182 has summarized 
the effects of this agent in hyperthyroidism; it 
has been shown to cause limited decrease in 
the pulse rate, nervousness, fatigue, dyspnea, 
heat intolerance, and lid retraction. However, 
guanethidine is also slow to act, is not available 
in parenteral form, is associated with postural 
hypotension, and like other antiadrenergic 
agents can worsen congestive heart failure in 
patients with hyperthyroidism. In addition, pa
tients treated with agents such as guanethidine 
and reserpine appear to be hypersensitive to 
the pressor effects of exogenously adminis
tered catecholamines and are thus more prone 
to anesthetic hazards. 

Beta-Adrenergic Blockers. In recent years, the 
role of guanethidine and reserpine has been 
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usurped by the beta-adrenergic blocking drugs. 
There are several such drugs now commercially 
available of which D, L-propranolol was the 
first and still is the most commonly used drug. 
These agents block the beta-adrenergic recep
tors competitively, since they have chemical 
structures similar to the catecholamines. They 
thus compete for the available beta-adrenergic 
receptor sites in the various target tissues with 
the catecholamines.182 Tissue catecholamine 
concentrations are therefore not depleted. Pro
pranolol can be administered orally or intra
venously.60 The peak effect of this drug follow
ing oral administration occurs within 2 hours 
with a half-life of approximately 3 hours.78 The 
peak effect with the intravenous administration 
of the agent is observed within minutes; con
sequently, these agents are advantageous in 
the initial management of severely and acutely 
ill patients with hyperthyroidism.60'182 The dos
ages of propranolol required to relieve those 
symptoms of hyperthyroidism related to adre-
nergic causes are variable. Dosages varying 
between 40 and 60 mg/24 hours, in divided 
doses, appear to produce sufficient blockade 
in most hyperthyroid patients.182 In thyroid 
storm, intravenous doses of 1 to 2 mg have 
been given using careful electrocardiographic 
monitoring.602 Generally, no further drug 
should be given for at least 4 hours. 

The beta-adrenergic blockers will predicta
bly and significantly reduce the cardiac rate 
although rarely to normal basal levels. The 
reason may be explained by the chronotropic 
effect of thyroid hormone on the heart inde
pendent of adrenergic stimulation of the heart. 
The drug also ameliorates nervousness, hyper-
activity, sweating, and tremor. In conse
quence, these agents have proved to be valu
able in the acute control of these symptoms, 
before other agents (e.g., thionamides) have 
had the time to induce positive clinical effects. 
In addition, these agents are sometimes helpful 
as preoperative therapy, in periods of diagnos
tic testing, in allergy to thionamides, in con
junction with 131I therapy, and in treatment of 
thyroid storm. 

The Effect of Beta-Adrenergic Blockade on 
Thyroid Function. There appears to be very 
little effect of these agents on the levels of 
serum thyroxine, the peripheral metabolism of 
thyroxine, or intrathyroidal iodine metabo
lism.12 Moreover, the propranolol has no sig
nificant effect on oxygen consumption or on 
the urinary loss of calcium, phosphorus, or 

hydroxyproline." Moreover, Ericksson and 
coworkers77 have shown that propranolol alone 
will not prevent thyroid storm. It should be 
noted that propranolol does not reduce thyroid 
stimulating antibody,60 although patients who 
go into remission after prolonged propranolol 
therapy do have a drop in thyroid stimulating 
antibody values. The serum thyroxine and ra
dioactive iodine uptake values are unaltered 
by such therapy, although in the minority 
(about 20%) of patients who go into remission 
after propranolol therapy, these values fall to 
normal.185'196'212> 228 (The possible mechanism 
by which remissions occur has been discussed.) 
There is some evidence, however, that the 
conversion of thyroxine to triiodothyronine is 
partially blocked.291 This effect seems quite 
minimal in magnitude. 

Contraindications. Propranolol is contrabdi
cated in patients with congestive heart failure 
since catecholamine stimulation is important 
for the maintenance of cardiac output. If the 
cardiac failure in hyperthyroidism relates spe
cifically to tachycardia, then beta-adrenergic 
blockers may actually ameliorate congestive 
heart failure. Propranolol is contraindicated in 
patients with evidence of bronchospasm and 
thus should not be prescribed in patients with 
asthma, chronic obstructive lung disease, and 
so forth. Other patients in whom contraindi
cations exist are those with sinus bradycardia, 
those receiving monoamine oxidase inhibitors 
or tricyclic antidepressants, and those with 
spontaneous hypoglycernia. There is also some 
evidence that propranolol should not be pre
scribed to pregnant women, as it may cause 
prolonged gestation and labor. The drug is 
also occasionally associated with side effects 
such as nausea, vomiting, anxiety, insomnia, 
lightheadedness, bradycardia, and hématologie 
disturbances.182 

Radioactive Iodine in the Treatment 
of Hyperthyroidism 
Radioactive iodine has been used for the ther
apy of hyperthyroidism for over three decades. 
130I was the first isotope of iodine to be used 
for this purpose in 1941; since it had a very 
short half-life of 12 hours and was produced 
using cyclotrons, its therapeutic use was lim
ited.46 The availability of 131I from nuclear 
reactors, commencing in 1946, has spread 
around most of the world, and huge numbers 
of patients have now been treated with this 
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isotope. More recently, a small number of 
patients have also been treated with 125I, but 
as noted subsequently, there are disadvantages 
with this isotope, and it will likely never reach 
general favor.38'117'118 

Treatment with 131I. 131I is primarily a beta 
emitter and only much less so is it a gamma 
emitter (Table 13-6).323 The isotope, available 
as sodium iodide 131, is quickly absorbed after 
oral ingestion, briefly concentrated in the gas
tric mucosa, and then concentrated in the 
thyroid. While there is also uptake by the 
salivary glands, the thyroid gland is the only 
organ in which organisation of the absorbed 
iodide takes place. Thus, the appearance of 
radioactive iodine in the gastric and salivary 
gland cells is transitory and the only prolonged 
effect takes place within the thyroid gland. 

Table 13-6. The Photon and Electron Radiations 
Emitted by 131I and 125I* 

Radiation 
1311 

Beta electrons 

Gamma rays 

Internal conversion 
electrons 

X-rays 

Auger electrons 

1251 

Gamma rays 
Internal conversion 

electrons 

X-rays 

Auger electrons 

Energy 
(keV) 

191.7 
95 .5 
70.1 

722.9 
637.0 
364.5 
284.3 

80.2 

329.9 
45.6 
29.8 
29.5 

3.2 
0.9 

35 .5 
34.7 
30.9 

3.7 
31.8 
31.0 
27.5 
27.2 

3.8 
30.2 
26.4 
22.7 

2.9 
0.8 

Mean Number per 
Distintegration 

(%) 

90.4 
6.9 
1.6 
1.6 
6.9 

83.3 
4.8 
1.7 

1.7 
2.9 
2.5 
1.3 
4.9 

11.7 

6.8 
8.0 

10.7 
74.6 

4.1 
19.9 
73.8 
37.8 
21.5 

0.9 
5.8 

13.7 
14.9 
35.9 

*Reproduced from Wilson, G. M.: The treatment of 
thyrotoxicosis with radioiodine. In: The Thyroid, Phys
iology and Treatment of Disease, International Ency
clopedia of Pharmacology and Therapeutics, Sect. 
101, Hershman, J. M. and Bray, G. A. (eds.), Pergamon 
Press, new York, pp. 253-270, 1979, with permission. 

The therapeutic effect depends on the beta 
emission and the range of 400 to 2000 μιτι 
exceeds the follicular diameter considerably.323 

Thus, both the nucleus and the cytoplasm of 
the thyroid cells are irradiated. 131I within one 
follicle will irradiate adjacent follicles. How
ever, structures outside the thyroid gland will 
not be damaged. 

There have been several studies of the ef
fects of 131I irradiation on the thyroid gland 
both in humans and in experimental animals.56-
57,68,323 Th e s e show evidence of cellular necro
sis, breakdown of follicles, development of 
bizarre cell forms, nuclear pyknosis, and de
struction of small vessels within the gland. 
Many abnormal cellular forms persisted for 
several years. Edema of the interstitial tissue 
and extensive fibrosis become evident. 

Investigations in animals have indicated that 
these changes relate to the initial dosage. Ra
diation reduces the life span of the irradiated 
cells and prevents cellular division. The capac
ity of these cells to exercise their function and 
produce thyroid hormone persists for as long 
as they survive,4 but at the termination of their 
life span, the radiation impairs their ability to 
divide and thus renew themselves.117 This ra
diation effect appears to be important as a 
cause of late hypothyroidism many months or 
many years after 131I therapy. However, as 
noted subsequently, it may not be the sole 
factor in bringing about late hypothyroidism.190 

Practical Considerations. Radioactive iodine is 
a most convenient form of therapy, since it 
can be administered to an outpatient, without 
discomfort or ill effects. If sufficient radioac
tive iodine is administered, it will induce cure 
of the hyperthyroidism or indeed hypothyroid
ism in all patients with toxic goiter. As previ
ously mentioned, the action of the isotope 
depends upon the destruction of thyroid tissue 
by internal radiation resulting from disintegra
tion of the isotope. Aside from its efficacy and 
ease of administration, the vocal cords and 
organs other than the thyroid gland are not 
injured, and hypoparathyroidism following 
131I is exceedingly rare.317 As the thyroid gland 
is the only tissue to retain iodine for any 
prolonged interval, it is an ideal organ for the 
use of therapeutic radioactive iodine. 131I, with 
a half-life of 8 days,317323 has been the isotope 
of choice since it became available, after a 
very brief experience with the short-lived 
no j 46 However, when the atomic pile became 
available after World War II, 131I became es-
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tablished as an effective agent to control hy-
perthyroidism. 

Possible Disadvantages of 131I Therapy. Fol
lowing the advent of 131I therapy, the treatment 
was initially confined to those over 45 years of 
age.323 This was done because of a concern 
about the possible subsequent induction of 
neoplastic thyroid disease, as well as a concern 
about radiation of the gonads with subsequent 
congenital abnormalities of newborn children. 

There is no doubt that ionizing radiation is 
a cause of thyroid carcinoma both in experi
mental animals and in humans.63'195 However, 
the dosages that have brought about this high 
incidence of thyroid malignancies have been 
low dose irradiation (from 50 to 2000 rad). 
This observation occasioned great concern that 
the comparatively large dose radioactive iodine 
therapy for hyperthyroidism, given generally 
in doses from 6000 to 12,000 rad,323 might 
induce thyroid carcinoma frequently in those 
so treated. However, Maxon and associates195 

have suggested that radioactive iodine as a 
source of thyroid neoplasia seems to be much 
less damaging on a rad/rad basis when com
pared with external radiation. In any event, 
this possibility, namely that radiation therapy 
from 131I in the treatment of hyperthyroidism 
might lead to neoplasia of the thyroid, has 
been laid to rest. The Thyrotoxicosis Follow-
up Project of the Radiation Health Section of 
the National Institutes of Health has shown no 
increased incidence of thyroid carcinoma in 
patients treated with 131I as late as 20 years 
thereafter.67 Indeed, there appeared to be a 
reduction in the expected number of such 
cases.323 The reason for this finding appears to 
be that the large doses administered reduced 
the ability of the thyroid cells to undergo 
mitosis, thus decreasing the chances of neopla
sia but increasing the chances of hypothyroid-
ism. The major practical disadvantage of this 
treatment modality is the high incidence of 
hypothyroidism, which may occur early after 
the therapy or may appear gradually years or 
even decades later (see subsequent discus
sion).190'317'323 

According to Werner,317 1 to 5% of patients 
treated with radioactive iodine develop the 
onset of exophthalmos or flare up in activity 
of eye changes, particularly with moderate to 
severe exophthalmos. This finding may be due 
to an effect of 131I on intrathyroidal suppressor 
T lymphocytes, leading to an increase in au-
toantibody production (Fig. 13_12).203'229>230 
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Figure 1 3 - 1 2 . The effect of radioactive iodine therapy 
for Graves' disease on the titers of thyrotropin binding 
inhibitory immunoglobulin. Mote that following the 
therapy, there is a rise in the titers, followed ultimately 
by a decline. (Results are expressed a s in Figure 13— 
10.) (Redrawn from McGregor et al.: Effect of radioio-
dine on the thyrotrophin-binding inhibiting immuno-
globulins in Graves' disease. Clin. Endocrinol. 
11:437-444, 1979, with permission.) 

Another concern has been expressed with 
respect to gonadal irradiation. However, there 
has been no increased incidence of mutations 
or congenital defects in children born to par
ents who have had radioactive iodine when 
compared with the general population. The 
dose to the gonads is clearly related to the 
blood dose, and in a patient who receives 
repeated treatments with 131I for persistent 
hyperthyroidism, this dose may reach above 
250 rad.29 Robertson and Gorman243 have cal
culated that the average dose of radiation to 
each ovary is approximately 0.12 rad/mCi, 
however. Thus, the conventional dose of ra
dioactive iodine delivers approximately the 
same dose of radiation to the ovaries as does 
roentgenologic examination of the colon or 
kidneys. The dose of radioactive iodine usually 
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administered in hyperthyroidism would thus 
produce only a small amount of gonadal radia
tion and as a "genetically significant gonadal 
dose," this source does not contribute nearly 
as much to the whole of the North American 
population as does diagnostic radiology.243'294 

Nevertheless, studies of peripheral leukocytes 
have shown persistent chromosomal damage 
after 131I related to the dosage.264 Calculations 
have suggested that the contribution of radio
active iodine for the treatment of hyperthy
roidism to the genetically significant gonadal 
dose is only about 0.3% of the natural back
ground.243' 294' 323 Robertson and Gorman243 

have further estimated that the maximal in
creased risk for a mother who received 131I 
therapy for Graves' disease of having a child 
with a harmful trait would be 0.003% or less, 
whereas the spontaneous risk of such abnor
malities is 0.8%. 

The increased incidence of leukemia pre
dicted to follow the use of radioactive iodine 
in hyperthyroidism has not materialized.249 

There is in fact a slightly increased incidence 
of leukemia in patients with Graves' disease 
generally, no matter what form of treatment 
is prescribed and it is unrelated to the treat
ment itself. However, the incidence of leuke
mia in patients treated with radioactive iodine 
for hyperthyroidism and those treated sur
gically did not differ in a large follow-up study 
of 36,000 patients.249 

Indications. For all of the aforementioned rea
sons, the age at which radioactive iodine has 
been prescribed for the treatment of hyperthy
roidism has fallen considerably. While in Great 
Britain and Europe many clinicians do not 
employ this modality in patients under the age 
of 40, in North America the general rule is to 
treat patients over the age of 20.294, 317, 323 

Indeed in some clinics in the United States, 
even children are being so treated.84'124 In my 
view, 131I is the ablative treatment of choice 
for Graves' disease after age 20. However, it 
is believed that all patients should receive 
antithyroid drug therapy first, with the expec
tation that those who will enter remission will 
obviously not require 131I (see previous discus
sion). Since relapses may have more severe 
consequences in older patients, these consid
erations apply to those under age 50. After 
that age, the intention is to employ thyroid 
ablative therapy without permitting the patient 
to go into a remission after antithyroid drugs. 

THYROID DISORDERS 

Practical Sequelae. Aside from the theoretic 
problems referred to previously, there are 
some practical sequelae that are of considera
ble importance. One is the increasing incidence 
of hypothyroidism in the years following ther
apy even despite initial induction of euthyroid-
ism. Approximately 50% of patients are hy-
pothyroid by 10 years and the incidence is 
continuing to climb. Dunn and Chapman71 

have reported that about 20% of patients are 
hypothyroid within the first year, with approx
imately 2.5% becoming hypothyroid each year 
thereafter. Follow-up must be continued not 
only in the early months following radioactive 
iodine therapy but also on an annual basis for 
life. Since the onset of hypothyroidism may be 
subtle, the patient must be exhorted to return 
for annual examinations to check the thyroid 
status. However, once patients have become 
hypothyroid and are taking thyroxine therapy, 
the major point of follow-up is to ensure that 
they continue to take their medication. 

Radiation thyroiditis with tenderness in the 
neck is unusual after conventional doses for 
hyperthyroidism.47 Occasionally with large 
doses, even severe painful thyroiditis has been 
observed, beginning 3 to 4 days after the 
administration of the agent.47 

Treatment Considerations. Because the beta 
rays travel only about 2 mm, the 131I within 
the thyroid gland will not damage surrounding 
structures, and therefore considerable radia
tion can be applied to the gland. The radiation 
destroys some cells, leaves others intact, and 
in some effectively reduces the synthesis of 
hormones. It has many of the following advan
tages: the treatment is usually definitive, it is 
convenient and can be generally administered 
without admitting the patient to hospital, it 
avoids the morbidity and complications of sur
gical treatment, and only rarely is 131I admin
istration followed by radiation thyroiditis. 

The first clinical effects of radioactive iodine 
become evident no earlier than 1 month, with 
gradual improvement following treatment in 
most patients. The goiter usually disappears 
after one dose, and most patients are cured 
with a single dose; most of the remainder 
require only a second dose.299 

Thus, it is important to define as closely as 
possible the factors that may determine the 
outcome of radioactive iodine treatment. The 
most important of these factors is the radiation 
dose received by the thyroid gland. Formula
tions for radiation therapy require the gather-
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ing of certain data as well as certain assump
tions for the calculation of the mean absorbed 
dose. These include (1) the thyroid weight, (2) 
the total thyroidal uptake of the radioactive 
iodine therapy dose, and (3) the duration of 
time in which the radioactive iodine will re
main in the tissue (i.e., biologic half-life). 

Other pertinent factors relate to the physical 
characteristics of the isotope used. In terms of 
131I, the half-life is 8 days and other physical 
characteristics are detailed in Table 13-6.323 

Some aspects of thyroid physiology, how
ever, cannot be ascertained in any precise 
fashion, e.g., the degree of activity of the 
thyroid gland and the degree of function of 
individual follicles within the gland. There is 
some variation in individual sensitivity to the 
radioactive iodine, and consequently one can
not predict with precision what the effect of a 
specific dose will be in any one individual. 
Since the major effects of 131I on the thyroid 
gland are due to the beta rays, as noted, one 
can calculate, approximately, what the deliv
ered radiation dose will be. Quimby and 
Feitelberg234 have devised a formula as follows: 

dose (rad) = 
90 x μθί administered x 24-hour uptake 

gland weight (gm) x 100 

General experience suggests that a dose be
tween 5000 and 10,000 rad is appropriate for 
the treatment of the diffusely enlarged thyroid 
gland encountered in Graves' disease. This 
dose would be equivalent to approximately 60 
to 100 μθί per estimated gram of thyroid 
tissue. Once a dose of μθ ί^πι has been deter
mined, the following simplified expression may 
be used: 

administered dose (μθί) = 
μθί/^πι desired x gland weight x 100 

% uptake at 24 hours 

With some experience the weight of the thy
roid gland can be estimated. Such estimates 
are within 10 to 20% of actual gland size if the 
gland is 50 gm or less in size. This simplified 
system has been termed a "guesstimate." Thy
roid scanning and ultrasonography may be of 
value in assisting with this estimate. 

There is very considerable variation in turn
over rate in the thyroid gland, making sophis
ticated dosage formulations of less value than 
heretofore expected. Most simply, 80 μθί per 
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estimated gram of thyroid tissue may be ad
ministered when the 24-hour radioactive iodine 
uptake is approximately 50%. If the radioac
tive iodine uptake is considerably higher than 
this amount, the dosage is reduced somewhat. 
If the uptake is lower than 50%, the dosage is 
increased slightly. Generally, physicians have 
tended to overtreat patients with small goiters 
and thus increase the incidence of hypothy-
roidism. In comparison, large goiters are often 
undertreated. Although this "guesstimate" 
technique seems primitive, it seems to provide 
results that do not differ greatly from those 
obtained with more sophisticated formula
tions. Moreover, no great advantage seems to 
be gained by reducing the dosage because this 
procedure merely increases the number of pa
tients who are hyperthyroid 3 months after the 
initial dosage; yet it does not prevent the late 
onset of hypothyroidism once the hyperthy-
roidism has been controlled, although it may 
delay that onset for several years (Fig. 13-
13).23 

Several variables have been shown to influ
ence the outcome of radioactive iodine ther
apy. Men, for example, are less likely to have 
hypothyroidism than women, and blacks ap
pear to be more resistant than others to 131I.23 

Large thyroid glands appear to be more resis
tant than small thyroid glands, but there is a 
tendency to underestimate their weight.299 Fi
nally, patients who are most severely hyper
thyroid also tend to be more resistant, and it 
has been suggested that this finding may be 
related to high levels of thyroid stimulating 
antibody.210211 

It further should be emphasized that, in my 
view, it is always wise to have employed a 
course of antithyroid drugs prior to the admin
istration of radioactive iodine (as previously 
discussed). The various reasons stated for this 
view will not be reiterated. Many clinicians, 
however, have been willing to prescribe radio
active iodine as primary therapy.23'24 All are 
agreed, however, if there is some other asso
ciated disorder, such as cardiac disease, severe 
diabetes mellitus, pulmonary disease, and so 
forth, or if there is very severe thyrotoxicosis, 
a course of antithyroid drug therapy must be 
given prior to the use of 131I.24> 294>323 The prior 
use of antithyroid drugs in this manner gener
ally prevents a sudden rise in circulating thy
roid hormones, following the administration 
of the isotope owing to extensive rapid destruc
tion of the thyroid gland. However, at the time 
of 131I treatment in such patients, it is wise to 
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Figure 13—13. Experience of the Cooperative Thyroid Follow-Up Study initiated by the Bureau of Radiological 
Health of the United States Public Health Service. The 6000 patients included in this study had no previous 
treatment for hyperthyroidism and received a single dose of 131I; the number of patients in each dose category 
averaged 750. The cumulative probability of becoming hypothyroid is plotted on the ordinate; on the abscissa 
is the interval in years from the time of administration of the 131I. Radioiodine dose is indicated on the chart 
from the lowest of 26 to 50 μθί per estimated gram ^Ci/gm) of thyroid teethe highest of 201 to 225 μίΖί^ηι; 
these assessments refer to μ θ of 131I delivered to the thyroid and not to the &ral dose. The heavy line shows the 
appearance of hypothyroidism following surgical treatment in 5200 patients. After the third year, the probability 
of becoming hypothyroid, if less than 125 μ,Ο/φΐη of gland had been given, was 2.3%/year; from the second 
year after surgery, the average probability of becoming hypothyroid was 0.7%. (Redrawn from Becker et al.) 

administer a large dose of radioactive iodine 
sufficient to assure ablation of the thyroid 
gland with a single dose. Thus, for patients of 
this nature, doses in the range of 15 to 30 mCi 
may be given, depending on the size and 
condition of the thyroid.323 In addition, those 
who have experienced severe recurrences of 
the disease after surgery should also be given 
such large doses of 131I with the certainty of 
cure of the hyperthyroidism even though it is 
associated with a high incidence of subsequent 
hypothyroidism.323 

125I Therapy for Hyperthyroidism. The higher 
energetic beta-emission of 131I as compared 
with 125I combined with gamma photons of 131I 
results in a rather uniform distribution of the 
radiation dose in the individual thyroid cell.248 

Since, as stated previously, the reproductive 
capacity of thyroid cells is more radiosensitive 
than the functional aspects, it seems unlikely 
that a decrease in the functional integrity can 
occur after administration of 131I without ulti
mate cell death and eventual hypothyroidism. 

However, 125I is theoretically quite different 
from 131I. Most of the radiation effect is prob
ably due to the very low energy conversion 
electrons and auger electrons. The lower en
ergy auger electrons (0.8 to 2.9 KeV) are 
particularly abundant. The range of these elec
trons in tissue is in the order of 0.4 μπι to 20 
μπι only. Since the radioactive iodine is pri
marily in the colloid, the radiation dose distri
bution is markedly nonhomogeneous, affecting 
the cellular cytoplasm at the apex of the cell 
to a much greater degree than the nucleus.323 

Cell division might thus be preserved, and the 
relentless increasing incidence of hypothyroid
ism with the passage of time might be 
avoided.117119 However, even theoretically 
there was concern that damage to the secreting 
portion of the cell may be repairable if the 
nucleus remained intact, and thus only tran
sient control of hyperthyroidism might be ob
tained.117"119'248'249 

Several workers have put these considera
tions to the test. Greig and his colleagues118 

found that a mean dose of 38.2 mCi of 125I 



GRAVES' DISEASE 247 

brought about euthyroidism within 8 weeks. 
There was a clear dose-response relationship; 
patients treated with larger amounts of 125I 
showed a more prompt response but a higher 
incidence of hypothyroidism, while those 
treated with smaller dosages had the reverse 
situation. Long-term follow-up of these pa
tients suggested that the incidence of hypothy
roidism was increasing with time, although the 
experience is far too small to determine 
whether the incidence of hypothyroidism is 
comparable to that seen with 131I. In any event, 
the theoretic considerations suggesting that 
there might be more favorable therapeutic 
properties of 125I have not been confirmed in 
actuality. Rapid and permanent control of hy-
perthyroidism is thus associated with a high 
subsequent incidence of hypothyroidism. 
Thus, the place of 125I in the treatment of this 
disorder cannot be established as yet. More
over, it is not known whether there are late 
complications different from those seen with 
131I. There does not appear to be any convinc
ing argument for studying this isotope further 
at this time with respect to its possible thera
peutic role in hyperthyroidism.47 48 

Subtotal Thyroidectomy 
Historically, thyroidectomy was the first effec
tive treatment for hyperthyroidism. However, 
it did not become very feasible until 
Plummer233 in 1923 demonstrated the value of 
iodine in the preparation of patients for sur
gery. Iodine was shown to reduce the vascu-
larity of the gland and to produce a temporary 
involution.113 It produced these effects by in
terfering acutely with the release of thyroid 
hormone and with the biosynthesis of thyrox-
ine.36' 72' 221' 265 Interference with the biosyn
thesis of thyroxine was prolonged in some 
patients and persisted almost indefinitely in at 
least a small number of patients when the 
iodide therapy was continued. In others, how
ever, there was a problem with "iodine es
cape," i.e., an exacerbation of the hyperthy
roidism by the excess amount of substrate 
available. In any event this form of preopera
tive preparation with iodide alone made it 
possible to operate in a patient who was no 
longer severely hyperthyroid, which reduced 
the incidence of complications considerably. 
Later the introduction of antithyroid drugs 
made it possible to have an even more effective 
preoperative preparation.10'117 It is clearly im
portant to render the patient euthyroid before 

embarking on the surgical procedure. Since 
antithyroid drug therapy has been discussed 
extensively, it will not be further described at 
this point. The use of iodide therapy has like
wise been discussed as an adjunct to antithy
roid drug therapy just prior to the actual 
surgical procedure. Propranolol also has been 
found to be a useful agent for preparing pa
tients for surgery, although it is generally held 
that unless individual circumstances dictate 
otherwise, it should not be used alone in 
preoperative preparation.186'267 With present 
advances in anesthetic techniques, surgical 
procedures, and postoperative care, mortality 
due to thyroidectomy is virtually nil. 

Many medical centers in the world continue 
to provide subtotal thyroidectomy as the opti
mal treatment of a definitive nature for Graves' 
disease.19'25'128> 252 In Toronto, most endocri-
nologists regard thyroidectomy as the treat
ment of choice only in selected cases, particu
larly children, adolescents who cannot be 
controlled with antithyroid drug therapy, or 
patients with toxic nodular goiters under the 
age of 50 (see subsequent discussion). Associ
ated disorders must be treated accordingly; for 
example, a patient with cardiac disease should 
be digitalized, and arrhythmias must be cor
rected or controlled before surgery. Diabetes 
mellitus, if present, should also be properly 
controlled. 

Although it is generally a safe procedure, 
subtotal thyroidectomy is attended by a variety 
of complications (Table 13-7).128 From 3.6 to 
42.8% of patients develop hypothyroidism 
postoperatively, either shortly after the pro
cedure or many years later.128 The higher in-

Table 13-7. Incidence of Complications Due to 
Thyroidectomy for Hyperthyroidism Reported from 

13 Clinics* 

Complication 

Mortality 
Hypothyroidism 
Recurrence or persistence 
Hypoparathyroidism 
Tetany (transient) 
Vocal cord paralysis 
Vocal cord paresis 
Wound problems and infections 
Thyroid storn 

Length of follow-up 
Minimum 
Mean 

Percent Incidence 

0 to 0.6 
3.6 to 42 .8 
0.6 to 17.9 

0 to 3.6 
0 to 8.0 
0 to 5.6 

0.8 to 10.6 
3.7 to 15.5 

0 

0.5 to 5 years 
2 to 10 years 

* Adapted from Hershman, J. M.: Treatment of hyper
thyroidism. Mod. Treat. 6:467-515, 1969 and Werner, 
S. C. and Ingbar, S. H.: The Thyroid, 4th ed. Harper 
and Row, New York, pp. 1-1047, 1978. 
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cidence was detected by follow-up studies 
many years after surgery, and so it appears 
that the thyroid remnant seems capable of 
continued secretion in many patients for a 
prolonged but ultimately limited period. The 
onset of hypothyroidism may be subtle. It 
often may go undetected for many years, while 
the patient's health gradually deteriorates. The 
cause of this late postoperative deterioration 
may be autoimmune destruction.175'213290 Con
sequently, it is clear that annual follow-up is 
essential—even in those patients who do ex
ceedingly well. This is equally true no matter 
what type of treatment (antithyroid drugs, 
radioactive iodine, surgery) the patient has 
had. Patients who have had transient hypothy
roidism after operation are particularly prone 
to develop permanent myxedema later. The 
presence of thyroid autoantibodies in moder
ate or high titers at the time of surgery may 
also be a harbinger of hypothyroidism.175 

Postoperative hypoparathyroidism develops 
in about 1% of patients after subtotal thyroid-
ectomy, and an occult form may occur in up 
to 10% of patients.128 Patients with the overt 
form of hypoparathyroidism must be treated 
with lifelong calcium and vitamin D therapy. 
Untreated hypoparathyroidism is associated 
with a high incidence of cataracts, convulsions, 
and metastatic calcification. Vocal cord palsy 
resulting from trauma occurs in up to 5.6% of 
patients. At the very least, this complication 
alters the voice, particularly for singing, and 
usually results in chronic hoarseness. Paralysis 
of both cords produces spastic airway obstruc
tion and may require tracheostomy. 

The persistence or recurrence of hyperthy
roidism has been observed in 0.6% to 17.9% 
of such patients and is more common in chil
dren.128 A variety of other complications have 
been described, such as bleeding, scars, keloid 
formation, wound infections, and phlebitis. It 
should be emphasized, however, that in gen
eral subtotal thyroidectomy is an extremely 
effective form of therapy that controls the 
disease quickly and well in 90% of patients. 

Special Considerations in Management 
of Hyperthyroidism 
Pregnancy. Hyperthyroidism develops in preg
nant women with the same frequency as would 
be expected in women of this age group. 
However, there seems to be some factor in the 
first trimester of pregnancy that can precipitate 
hyperthyroidism or aggravate preexisting hy

perthyroidism.6 Other women become preg
nant during treatment of hyperthyroidism. Be
cause some of the physiologic changes that 
take place during a normal pregnancy may 
simulate hyperthyroidism, the diagnosis should 
be carefully established before it is accepted 
or acted upon. The elevation in thyroxine-
binding globulin that occurs in pregnancy pro
duces an increase in serum thyroxine and a 
decrease in the T3 resin uptake; in hyperthy
roidism that develops during pregnancy, how
ever, the serum thyroxine level is much more 
markedly elevated, whereas the T3 resin up
take rises either into the normal range or into 
the high normal level.4142 

Radioactive iodine is contraindicated in 
pregnancy because the fetal thyroid concen
trates iodine after the 12th week of gesta
tion.49' 131 However, radioactive iodine has 
been prescribed inadvertently to some gravid 
women in the first trimester, without apparent 
injury to the fetus.131 Surgery is to be avoided 
in the first trimester, because it results in a 
high incidence of spontaneous abortions but 
seems reasonably safe in the second trimes
ter.573 

Generally, the hyperthyroid state during 
pregnancy is treated with antithyroid drug 
therapy.4142 In Toronto, antithyroid drugs are 
employed throughout the period of gestation. 
Many endocrinologists elsewhere also employ 
antithyroid drugs as the treatment of choice 
during pregnancy. In the early part of preg
nancy, the usual doses of antithyroid drugs are 
employed as discussed. However, the drugs 
cross the placenta and if the dosage is excessive 
may produce goiter and hypothyroidism in the 
fetus.4142 Such goiters may even interfere with 
vaginal delivery. While transient fetal hypothy
roidism has not been clearly shown to have 
any lasting effects on the mental development 
of those children,4142 it should nevertheless be 
avoided. Thus, particularly in the later part of 
the second trimester and throughout the third 
trimester, doses of antithyroid drugs must be 
reduced as much as possible; dosages of pro-
pylthiouracil below 200 mg/day are very un
likely to produce goiter in the newborn.4142 In 
any event there is a reduction in thyroid stim
ulating antibody during the third trimester 
spontaneously, which makes it generally easy 
to reduce the dosage of antithyroid drugs to 
low levels without hyperthyroidism exacerbat
ing.297' 335 Indeed in some patients there is a 
transient "remission" during the last trimester, 
and some patients will continue to do well 
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throughout this interval, even without any 
medication.335 It is safe however to continue 
propylthiouracil during the entire third trimes
ter in modest dosages of 100 to 200 mg/day. 

The dosage of propylthiouracil during preg
nancy must be titrated to ensure that the 
mother does not become hypothyroid, because 
this state is associated with an increased inci
dence of spontaneous abortion.41'42 There is 
no point in adding thyroxine to the mother's 
treatment during this stage of pregnancy since 
T4 virtually does not traverse the placenta.4142 

While of course thyroxine therapy would pre
vent maternal hypothyroidism, it is really bet
ter to reduce the dose of antithyroid drugs by 
titrating against response. 

Occasionally, the amount of thyroid stimu
lating antibody, while it might decline in the 
last trimester, is still sufficiently high to cause 
hyperthyroidism to the fetus and neonate be
cause of transplacental transfer.297335 The fetus 
will have been treated with the maternal inges
tion of propylthiouracil that crosses the pla
centa and maintains the fetus in a treated state 
throughout gestation. The baby thus may ap
pear normal at birth because of this protective 
medication, only to become hyperthyroid sev
eral days thereafter, because there is no further 
propylthiouracil administration.216 

Occasionally, the fetus becomes hyperthy
roid during uterine life because the mother is 
on inadequate or no antithyroid drug therapy. 
Fetal hyperthyroidism is associated wit1 .̂ such 
complications as failure to develop, craniosyn-
ostosis, and even death.50'134 If therefore the 
mother harbors large titers of thyroid stimu
lating antibody in the third trimester, she must 
be given propylthiouracil so as to treat the 
fetal hyperthyroidism during this interval. This 
is true even if the mother is no longer hyper
thyroid at the time but still has high concen
trations of TSAb in her circulation.50297 

Following delivery, mothers who are still 
taking propylthiouracil may be permitted to 
nurse, since it has now been shown that there 
is only a negligible amount of this agent in 
mother's milk.149' 184 However, methimazole 
given to lactating females is found in the milk 
in more significant amounts.54 

Finally, it should be emphasized that after 
delivery, there may be a relapse of hyperthy
roidism several weeks thereafter due to a re
bound phenomenon.6 Thus, patients may re
quire more treatment in the postpartum state 
than that required during the last trimester of 
pregnancy. 
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Treatment of Neonatal Graves' Disease 
The pathogenesis of neonatal hyperthyroidism 
has been discussed in the previous section. 
Recognition that a newborn infant has Graves' 
disease is very important, as this condition can 
be life-endangering. Indeed the disease has 
been responsible for deaths in utero or, failing 
that ultimate fate, abnormalities of develop
ment such as craniosynostosis.41 42' 50 More
over, the condition will often be obscured at 
birth if the mother has been taking antithyroid 
drugs during her pregnancy.216 Since the fetus 
has thus also been treated with transplacental 
antithyroid drug, it may be born appearing 
normal. After the effects of the antithyroid 
drug have been cleared, the disease will then 
express itself often 7 to 10 days post partum, 
by failure to thrive, vomiting, and tachycardia. 

The laboratory-based diagnosis may also be 
somewhat difficult, in view of the rapidly 
changing thyroid function test results, which 
normally occur in the first few days of life. 
Generally speaking, however, the serum T4 
and T3 will be unequivocally elevated in such 
cases, and TSAb can be demonstrated in the 
cord blood.41'42335 

Since the half-life of IgG is about 2 weeks, 
the spontaneous duration of this illness will 
depend on the initial burden of TSAb carried 
by the neonate. Generally by 12 weeks there 
is insufficient remaining TSAb to sustain the 
condition. Thus, treatment must be carried on 
for 8 to 12 weeks in most instances. Initial 
therapy consists of fluid replacement, antithy
roid drug, and iodides, whereas, subsequently, 
antithyroid drug alone will be sufficient to 
sustain the clinical and biochemical im
provement, until such time as TSAb de
clines and further treatment is no longer 
warranted.41 '42 ' 134'216'297 

Thyroid Storm. Thyroid storm is a life-threat
ening condition that is characterized by the 
heightened signs and symptoms of hyperthy
roidism and by hyperpyrexia.137246 The eleva
tion in body temperature may reach 106°F 
(41°C) and may be associated with marked 
restlessness, agitation, severe tachycardia, 
heart failure, profound prostration, nausea, 
vomiting, diarrhea, delirium, psychosis, jaun
dice, and subsequent dehydration. This disor
der is now rare. Factors that precipitate this 
crisis include infection, trauma, surgery, and 
withdrawal from antithyroid drugs.137-246 

This condition is exceedingly dangerous and 
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even with therapy the mortality rate remains 
high. The condition is therefore a grave med
ical emergency, and it is important to com
mence therapy as quickly as possible. The 
therapeutic measures include the following: 
1. Suppression of thyroid hormone formation 

and secretion 
2. Antiadrenergic therapy 
3. Administration of corticosteroids 
4. Treatment of associated complications or 

coexisting disorders that may have precipi
tated the storm 

5. Plasmapheresis and peritoneal dialysis to 
accelerate removal of thyroid hormones 
from peripheral tissues.147246 

It is thus necessary to promptly initiate 
antithyroid drug therapy, either propylthiour-
acil or methimazole in large doses (800 to 1200 
mg/day of propylthiouracil or 80 to 120 mg/ 
day of methimazole).147-246 If patients are un
able to take these drugs orally, the tablets can 
be crushed into suspension and instilled by 
gastric tube. The mechanism of action of these 
drugs has been discussed. Since some weeks 
of treatment with these agents alone would be 
necessary before levels of thyroid hormone 
approach normal, it is important to add iodide 
treatment so as to block thyroid hormone 
release. Dosages of 0.5 to 1 gm of sodium 
iodide may be given intravenously, or oral 
preparations of iodine may also be provided. 
The oral preparations include Lugol's solution, 
10 drops every 8 hours, or a saturated solution 
of potassium iodide, 5 drops every 8 hours.246 

It should be emphasized that the antithyroid 
drugs should be initiated at least a few hours 
before the iodide therapy is begun. If iodide is 
administered first it would provide the sub
strate permitting the synthesis and storage of 
a large amount of thyroid hormone in the 
thyroid gland, and this would then prolong the 
duration of hyperthyroidism thereafter. 

Wartofsky and associates304 have shown that 
the serum thyroxine level declines rapidly with 
this regimen. It may be noted that lithium salts 
have an action qualitatively and quantitatively 
similar to that of iodine.251'252 As previously 
discussed, since the combination of lithium and 
propylthiouracil has no clear advantage over 
iodide and propythiouracil, and since lithium 
carbonate in the doses required may have 
significant toxicity, which may be difficult to 
detect in patients suffering from thyroid storm, 
lithium has not achieved any popularity in this 
context.100'276 

There are beneficial effects to be anticipated 
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from antiadrenergic therapy in thyroid storm. 
The inotropic and chronotropic responses to 
adrenergic stimulation and to catecholamines 
are actually not altered in the hyperthyroid 
heart, and the tachycardia and enhanced myo-
cardial contractility in hyperthyroidism appear 
to result from additive effects of thyroid hor
mones and catecholamines.181 Nevertheless, 
because of the adrenergic component, the re
sults of blocking adrenergic effects will prove 
useful in the treatment of hyperthyroidism 
and, in particular, of thyroid storm.137246 

While reserpine, a tissue depletor of cate
cholamines, and guanethidine, a depletor of 
catecholamines and an inhibitor of neuronal 
release of neurotransmitters, have been em
ployed with benefit,66' 197 beta-adrenergic 
blocking agents have been most frequently 
used.60'95 Doses of propranolol on the order 
of 2 to 5 mg intravenously have been admin
istered in order to provide prompt control of 
tachy arrhythmias.6095 Appropriate oral dosage 
of 20 to 80 mg every 4 hours is equally effec
tive.240 As mentioned, precautions must be 
observed in the use of these agents in thyroid 
storm, since congestive heart failure and bron-
chospasm may be aggravated. In insulin-de
pendent diabetics, these agents may impair 
hepatic glycogenolysis and thus induce hypo-
glycemia. These agents must be considered 
adjunct!ve, not to be employed alone.246 

The use of corticosteroids is also recom
mended in the therapy of thyroid storm, gen
erally by the intravenous route.197 Rosenberg246 

has pointed out that there is no convincing 
evidence of adrenocortical insufficiency in thy
roid storm, and the benefits derived from cor-
ticosteroid therapy may be via their antipyretic 
action and their effect of stabilizing blood 
pressure. 

A variety of general supportive measures 
may also be necessary.137'197246 It is important 
to treat the underlying associated disorders, 
which may have helped to precipitate the thy
roid storm. The use of intravenous electrolyte 
and water replacement is obviously essential. 
Hyperpyrexia can be treated with alcohol 
sponge baths or cooling blankets. Mild seda
tion may also have to be employed. 

Finally, plasmapheresis9 and peritoneal 
dialysis127 have been used in this situation. This 
approach should be considered in a patient 
who does not respond to the more conven
tional procedures described, particularly when 
characterized by impaired consciousness or ex-
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tremely high circulating hormone concentra
tions. 
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14 
Other Forms of 
Hyperthyroidism 

ROBERT VOLPE 

The previous chapter is devoted to one form 
of hyperthyroidism, namely, that of Graves' 
disease. Although Graves' disease is by far the 
most common form of hyperthyroidism, other 
types of hyperthyroidism must be considered 
and together make up about 20% of the total 
of all cases. This chapter describes the various 
other forms of hyperthyroidism that may be 
encountered. 

HYPERTHYROIDISM DUE TO 
AUTONOMOUS FUNCTIONING 
THYROID NODULES 
Hyperthyroidism due to autonomous function
ing thyroid nodules was first described by 
Plummer34 in 1913, who characterized two 
types of thyrotoxicosis as follows: (1) exoph
thalmic goiter (Graves' disease) and (2) toxic 
adenomatous goiter. The latter was associated 
with either single or multiple nodules with 
variable histologie patterns, whereas in the 
former the hyperthyroidism was associated 
with diffuse hyperplasia of the thyroid gland. 
Plummer recognized that hyperthyroidism was 
often an end stage of a slowly growing auton
omous functioning follicle, occurring in the life 
history of sporadic or endemic goiter. 

The pathogenesis of toxic solitary adenomas 
or toxic multinodular goiters is not fully under
stood. It would appear that a true thyroid 
adenoma might develop, which if functional 
could enlarge to the size that would produce 
hyperthyroidism. More often, however, toxic 
nodular goiter seems to evolve from a euthy-
roid nontoxic nodular goiter over a long period 
of time. To understand how this may develop, 
it is essential to understand the pathophysiol-
ogy of euthyroid nontoxic nodular goiter. Stu-
der and Ramelli43 in 1982 showed evidence 
that in nodular goiter there are autonomous 
follicular cells probably present from birth, 
which slowly replicate over time until there is 
a sufficient mass of such cells to produce and 
secrete excess thyroid hormone into the cir
culation. 

In practice, autonomy of follicular function 
is most readily recognized when it appears as 
the solitary or dominant nodule in an otherwise 
normal thyroid gland by palpation.29 The find
ing of such a small area in the thyroid gland, 
which ultimately functions more actively than 
the rest of the tissue, may be incidental for 
many years in a clinically euthyroid person.29,53 

(This is discussed further.) In any event, such 
261 
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have been no observed enlargement of the 
goiter over a long period of observation. How
ever, long-standing goiter with no obvious 
change over many years may be thought by 
the patient to have enlarged in the months or 
years prior to presentation.1853 When associ
ated with overt hyperthyroidism, the nodule 
or nodules are generally at least several centi
meters in diameter.21 

As noted, the clinical presentation is subtle, 
and most patients are in the older age group. 
There is no exophthalmos associated with this 
condition. Moreover, the disorder does not 
respond as readily to the usual measures of 
management as does Graves' disease.1529 

Prevalence, Age, and Sex Incidence 
In southern Ontario, the incidence of overt 
hyperthyroidism due to toxic nodular goiter 
has greatly declined and is currently in the 
order of about 5% of all patients with hyper
thyroidism.54 However, in Great Britain, the 
incidence of Plummer's disease is approxi
mately 15% of all patients with hyperthyroid
ism. It would appear that the incidence of 
hyperthyroidism due to toxic nodular goiter 
has declined, since in New York between 1924 
and 1944, about one third of the patients 
operated upon for hyperthyroidism were 
shown to have toxic nodular goiter.53 

Generally, toxic nodular goiter is a disorder 
of the older age group.53 Most patients with 

Figure 14—1. Radioactive iodine scans of the thyroid gland with an autonomous "hot" nodule. The center panel 
shows the thyroid scan after the patient was given 100 μgm of triiodothyronine for 10 days. The nodule proved 
to be nonsuppressible. The right panel shows the scan after the patient was given 10 units of bovine thyroid-
stimulating hormone (TSH) intramuscularly daily for 3 days. The left thyroid-stimulating hormone lobe, which 
had been in a resting state due to suppression by the autonomous nodule, was thus stimulated by the TSH and 
then concentrated the radioactive iodine. 

nodules will prove to be solid on ultrasono-
graphic examination; on scintiscanning, the 
nodule or nodules will tend to pick up more 
of the isotope than the surrounding, resting 
thyroid parenchyma (Fig. 14-1).2953 

Clinical Picture 
As previously mentioned, patients with auton
omous thyroid nodules may have no clinical 
features whatever to suggest hyperthyroidism. 
Conversely, they may occasionally have quite 
severe manifestations of hyperthyroidism as 
described in the preceding chapter. Most fre
quently, however, the patients with this form 
of hyperthyroidism have a mild form of the 
disease, often with a prolonged and subtle 
history.2953 

Since the majority of patients with toxic 
solitary or multinodular goiter are in the older 
age group and since the lesion is a slowly 
evolving one, it follows that the hyperthyroid
ism is often "masked." Patients with this dis
order may lose weight only very slowly over 
years without an obvious cause.18 They may 
deny nervousness, tremulousness, excessive 
sweating, or excessive appetite. Quite fre
quently, a tachyarrhythmia (e.g., rapid atrial 
fibrillation) will alert the suspicious physician 
to investigate the thyroid status. Such patients 
have been aware of a goiter for decades and 
may often state that they have never been 
bothered by its presence. Moreover, there may 
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this condition are seen after the fourth or fifth 
decade of life. This is particularly true for 
patients with toxic multinodular goiters, but 
even solitary hyperfunctioning adenomas are 
more common in the older age group; how
ever, solitary hyperfunctioning adenomas have 
been described in children, probably repre
senting true adenomas. These young patients 
with such cases are very uncommon.4655 

Diagnosis 
In patients with nodular goiters, even those 
who may seem clinically euthyroid, it is im
portant to pay close attention to thyroid func
tion tests (see the next discussion). As previ
ously mentioned, even when hyperthyroidism 
is detectable by clinical means, it may be very 
subtle and only very slowly developing. Older 
patients with gradual weight loss and tachyar-
rhythmias should always be suspected of suf
fering from hyperthyroidism.1853 The disease, 
of course, is not a diagnostic problem when 
overt hyperthyroidism is evident. The combi
nation of hyperthyroidism with an obviously 
multinodular goiter or even a solitary nodule 
should provide appropriate direction for suit
able thyroid investigations. 

Thyroid Testing 
Measurements of thyroid hormone in the cir
culation are, of course, important. In some 
cases, both the serum thyroxine and triiodo-
thyronine values will actually be within the 
normal range. Nevertheless, the thyroid-stim
ulating hormone (TSH) value will be low if 
measured by some of the new and sensitive 
assays now available.30 If older radioimmuno-
assays are employed for TSH, the response to 
TRH will be shown to be flat. In the circum
stance in which the serum thyroxine and total 
serum triiodothyronine values are normal, but 
either the TSH is low or the TSH response to 
TRH is flat, it is evident that there is indeed 
"chemical" hyperthyroidism, whereby suffi
cient thyroid hormone is being produced by 
the autonomous thyroid tissue to be able to 
suppress the TSH-secreting cells of the anterior 
pituitary.36 This minimal increment of thyroid 
hormone secretion may not be sufficient to 
elevate the levels of thyroid hormones above 
the normal range nor may it be sufficient to 
cause clinical manifestations of hyperthyroid
ism. 

As the toxic nodular goiter evolves, how

ever, the levels of thyroid hormone in the 
blood will slowly rise until they are clearly 
above the normal range. At times the serum 
T4 may be normal or only slightly elevated, 
but the serum T3 will be definitely elevated (T3 
thyrotoxicosis).29 Finally, both serum T4 and 
T3 concentrations will become unequivocally 
elevated; although, unlike Graves' disease, the 
serum T3 concentration will usually be elevated 
only in proportion to the serum T4 concentra
tion.18 

Thyroid scanning will be variable, depending 
on whether the entire thyroid glandular secre
tion rate is isofunctional or even minimally 
hyperfunctional (see Fig. 14-1).1829 While the 
gland is still isofunctional, the autonomous 
nodules may appear "warm," but since there 
is not yet suppression of TSH the remaining 
normal thyroid parenchyma will not be sup
pressed.6 Both with solitary hyperfunctioning 
adenomas and multinodular toxic goiters, as 
chemical hyperthyroidism develops, there will 
be sufficient suppression of TSH to suppress 
those areas within the thyroid gland that are 
normally dependent on TSH. Thus, the auton
omous nodules will begin to be contrasted by 
their activity from the suppressed areas within 
the thyroid gland. Moreover, in many multi
nodular goiters, there will also be areas of 
degeneration that will additionally appear as 
hypofunctional. It is sometimes of interest to 
administer bovine TSH to a patient with areas 
of suppression within the thyroid gland so as 
to demonstrate that the paranodular tissue is 
indeed resting and will again pick up radioac
tive iodine or technetium in response to the 
administration of TSH.29 

The occurrence of carcinoma is rare within 
toxic nodular goiters. Warm or hot nodules 
due to thyroid carcinoma are very rare in
deed.14 '28 '2945 However, a solitary "cold" nod
ule in an otherwise "hot" gland should be 
considered suspicious as possibly malignant 
and should be investigated as a "cold" nod
ule.17 

Ultrasonographic examinations will prove to 
be useful in order to show that the toxic 
solitary or multinodular goiter is due to solid 
nodules.53 

Treatment 
The treatment of toxic nodular goiter may 
prove to be difficult. Surgery may be consid
ered mandatory when there is evidence of 
compression by large multinodular goiters on 
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the trachea and other vital organs. Thus, larger 
multinodular goiters should be removed sur
gically unless there are contraindications in 
terms of general health.29 

The treatment of toxic multinodular goiter, 
whether solitary hyperfunctional thyroid ade
noma or multinodular goiter with hyperthy-
roidism, with radioactive iodine involves con
siderations that are quite different from those 
that pertain to the treatment of hyperthyroid-
ism due to Graves' disease. Radioactive iodine 
will control hyperthyroidism in large autono
mous multinodular goiters, but the following 
factors must be considered.1529 In patients with 
complicating problems of congestive heart fail
ure, cardiac arrhythmias, dehydration, and 
protein loss, corrective measures should pre
cede the administration of 131I. These measures 
particularly include antithyroid drug therapy 
to be maintained until the patient is virtually 
euthyroid. The dose of 131I required is rela
tively large, since 50 mCi produced permanent 
remission in no more than half of the patients 
observed by Miller and colleagues.29 Even with 
doses of 75 to 100 mCi, control of the disease 
may not be predictable, and the hyperthyroid 
state may persist for several months. The haz
ard of these large doses in the induction of 
thyroid carcinoma is yet to be determined but 
is very remote, as most patients so treated are 
already in the older age group. 

There is almost always considerable residual 
goiter after such treatments in these patients. 
The possibility of recurrence in subsequent 
years exists, but if life expectancy is reasonably 
short, this may not pose a problem. Moreover, 
the incidence of hypothyroidism is low, since 
the non-nodular resting thyroid parenchyma 
does not pick up 131I. 

The treatment of solitary hyperfunctioning 
thyroid adenomas with radioactive iodine is 
much simpler and much more successful.15 

Such treatment involves minimal inconven
ience, usually does not require hospitalization, 
and has a very low rate of postradioactive 
iodine myxedema. However, even when pre
cautions are taken to minimize extranodular 
131I uptake, the nonfunctioning portion of the 
thyroid does receive some gamma radiation, 
mainly from radioactive iodine trapped in the 
hyperfunctioning nodule but also, to a minor 
extent, from 131I located in distant body sites 
or circulating in the blood. It has been ob
served that much larger doses are necessary to 
treat patients with toxic adenomas as opposed 
to those with Graves' disease. Since 83% of 

patients are cured with doses of 30,000 rad/ 
adenoma, Gorman and Robertson15 have cal
culated the doses of 131I needed to deliver this 
amount of radiation for various sizes of ade
noma. 

Gorman and Robertson also have pointed 
out that as the nodule size of an adenoma 
increases from 2 to 6 cm, the amount of 
radioactive iodine administered to the patient 
to deliver the same dose (30,000 rad to the 
nodule center, assuming a 30% uptake) in
creases from 5.6 to 135 mCi. Concurrently, 
the suppressed thyroid tissue receives a radia
tion dose as high as 2300 rad. Despite these 
potentially carcinogenic doses, few patients 
with radioiodine-induced thyroid tumors have 
been reported, possibly because most patients 
with solitary hyperfunctioning thyroid adeno
mas are in the older age group. Moreover, 131I 
radiation may not be as carcinogenic as exter
nal radiation.27 Following treatment, as with 
multinodular toxic goiter, some residual goiter 
tissue remains. The suppressed thyroid tissue 
does not concentrate 131I, and after the nodule 
is ablated the suppressed tissue returns to 
normal function. Thus, hypothyroidism is un
common. 

Although surgical treatment offers prompt 
control of hyperthyroidism and the certainty 
that the nodule will disappear, there are sur
gical risks that cannot be ignored, particularly 
in elderly patients with other diseases. (See 
Surgical Treatment of Graves' Disease, Chap
ter 13.) The main advantages of radioactive 
iodine are the absence of surgical risk and the 
lesser expense. Disadvantages include failure 
of the nodule to disappear in about 20% of 
cases, inability to examine the tissue histolog-
ically, and presence of low-dose radiation to 
the suppressed thyroid tissue and to the whole 
body. 

For these reasons, Miller29 and Gorman and 
Robertson15 have recommended surgery for 
patients less than 40 years of age and for those 
who may have large nodules and no increased 
surgical risk. 

HYPERTHYROIDISM SECONDARY 
TO EXCESSIVE HUMAN CHORIONIC 
GONADOTROPA 
In 1940, Smilie and Clements40 first described 
hyperthyroidism associated with trophoblastic 
disease (uterine chorioepithelioma). In 1955, 
Tisne and colleagues47 reported hyperthyroid
ism secondary to a benign hydatidiform mole. 
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There were later sporadic reports of hyperthy-
roidism associated with benign and malignant 
trophoblastic disease, but it was not until 1963 
that Odell and coworkers32 studied 93 women 
with choriocarcinoma systematically and found 
evidence of hyperthyroidism in seven. After 
demonstrating thyroid stimulating activity in 
the serum of two patients and in the tumors 
of two other patients, these investigators sug
gested that the choriocarcinoma itself was se
creting an abnormal thyroid stimulator. 

In 1978, Higgins and Hershman20 reviewed 
the literature on this subject. They noted that 
while many of the patients with hydatidiform 
mole or choriocarcinoma had increased thyroid 
function, often there was little clinical evidence 
of hyperthyroidism. 

In comparison, some patients had not only 
overt clinical evidence of thyrotoxicosis but 
even severe features of this disorder. Higgins 
and Hershman noted that hydatidiform moles 
occur more commonly in the Orient than in 
North America and Western Europe and that 
increased thyroid function occurs in about 50% 
of patients with this condition. The mole is 
usually made evident by bleeding, nausea, 
vomiting, and pre-eclampsia; in those who 
have been found to be clinically hyperthyroid, 
the uterus has always been large for the length 
of the pregnancy. The diagnosis of hydatidi
form mole may be made by the observation of 
molar tissue being passed per vagina; ultrason-
ographic scans, amniography, and human cho-
rionic gonadotropin (hCG) assays help to settle 
the diagnosis. Curry and coworkers8 have re
ported that repeated hCG assays that fail to 
show a decline from high levels after 3 months 
of pregnancy are suggestive of hydatidiform 
mole. 

Higgins and Hershman have further re
viewed the thyroid function of 20 patients with 
hydatidiform moles, of whom 12 were euthy-
roid, two were mildly hyperthyroid, and six 
were severely hyperthyroid. In these last six 
patients, all had goiters; two had very rapid 
supraventricular tachycardia and pulmonary 
edema. Moreover, the progression to even 
more severe hyperthyroidism in these patients 
was quite rapid. 

The nature of the thyroid stimulator, while 
clearly related to hCG, is not entirely settled.2 

Patients with this disorder tend to have ex
tremely high levels of hCG. Although a thyroid 
stimulator resembling pituitary TSH is found 
in human placenta, this does not appear to be 
increased in hydatidiform moles or choriocar-

cinomas and thus hCG itself has been impli
cated in causing the hyperthyroidism.20 

Bioassays of highly purified hCG have been 
found to have intrinsic thyroid stimulating ac
tivity, although only 1/4000 that of pituitary 
TSH.39 There is evidence that hCG binds to 
the TSH receptor on the follicular cell and will 
displace TSH from a thyroid cell membrane. 
Serum hCG concentrations generally exceed 
300 IU/ml in patients who are hyperthyroid. 
Nevertheless, Amir and colleagues2 have chal
lenged the thesis that hCG is the cause of the 
hyperthyroidism per se; when they utilized 
highly purified preparations of hCG they could 
not demonstrate the aforementioned actions. 

Management of this condition involves re
moving the offending tumor as quickly as pos
sible. While one should attempt to control the 
thyrotoxic state with antithyroid drugs, this 
should not cause delay in removing or treating 
the tumor.20 In the case of hydatidiform mole, 
the uterus should be emptied as soon as pos
sible (Fig. 14-2), whereas in the case of cho
riocarcinoma, treatment should be directed 
against the tumor at the same time that anti
thyroid drug therapy is also utilized. 

IODIDE-INDUCED HYPERTHYROIDISM 
The discovery in 1820 of the use of iodine for 
the treatment of endemic goiter is generally 
attributed to Coindet.22 However, in 1821, 
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Figure 14—2. The effect of 1 gm of sodium iodide 
(Mal) intravenously and surgical removal of the molar 
tissue (O.R.) on the circulating levels of serum thyrox-
ine (T4), serum triiodothyronine (T3), human chorionic 
gonadotrophin (HCG), and TSH in a hyperthyroid pa
tient are depicted. (From Higgins, H. P., et al. Ann. 
Int. Med. 83:307, 1975, with permission.) 



266 

Coindet also reported that patients who took 
iodide suffered "annoying symptoms of 
tremor, tachycardia, rapid loss of weight and 
strength, despite increased appetite, and in
somnia."22 23 Greer16 in 1973 recognized that 
Coindet's report was almost certainly that of 
hyperthyroidism induced by iodine. Breuer3 in 
1900 coined the term "Jod-Basedow syn
drome" to describe the condition of iodine-
induced thyrotoxicosis. 

It is since the era of prophylactic iodization 
programs that the incidence of hyperthyroid
ism has increased markedly.23 Following the 
introduction of iodized bread in Tasmania, 
there was a sharp increase in the reported 
incidence of hyperthyroidism.42 The use of 
iodophor disinfectants in the dairy industry 
with elevation in the iodine content of milk 
also brought about local increases in the inci
dence of hyperthyroidism.7 42 

In 1975, Vagenakis and Braverman49 re
ported that hyperthyroidism developed in four 
of eight patients with multinodular goiters who 
were given a saturated solution of potassium 
iodide in a dosage of approximately 180 mg of 
iodine daily, after 6 to 18 weeks of treatment. 
After the iodine was discontinued, the hyper
thyroidism still persisted for several weeks. 

Thus, Jod-Basedow's syndrome has now 
been reported in patients with pre-existent 
goiters living in nonendemic regions of the 
world.12 Indeed, there are several compounds 
containing organic iodides that have now been 
reported to produce the same disorder. These 
compounds include contrast dyes, iodochlor-
hydroxyquin, and now and most spectacularly 
amiodarone, a drug used for treatment of 
cardiac arrhythmias.12 Most patients who have 
this condition have had pre-existent multi
nodular goiters, although the disorder has also 
occurred in patients who had previous Graves' 
disease and in one patient who had an auton
omous thyroid nodule.7 12 

It is important to emphasize that some of 
the organic iodide compounds mentioned will 
cause an elevation of the serum thyroxine 
level, accompanied by a fall in the total serum 
triiodothyronine and a slight rise in TSH levels. 
This so affected group of patients does not 
have clinical hyperthyroidism. It is essential to 
document true iodine-induced hyperthyroid
ism by means of the demonstration of an 
elevated serum thyroxine and total serum tri
iodothyronine with suppressed TSH values. 
One cannot accept an elevation of serum thy-
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roxine level alone as evidence for the diagnosis 
of Jod-Basedow's syndrome.7 

Mechanism 
The basic mechanism responsible for the de
velopment of Jod-Basedow's disease is un
known. The importance of iodide to intrathy-
roidal metabolism is discussed elsewhere in 
this text. Usually, excessive or pharmacologie 
amounts of iodide given to normal subjects 
cause a slight but temporary impairment of 
hormone synthesis. This is termed the "Wolff-
Chaikoff" effect and is a phenomenon of sub
strate inhibition of hormonal synthesis.12 It 
seems evident that this autoregulatory mecha
nism has somehow failed in patients who are 
vulnerable to Jod-Basedow's disease, so that 
the increased iodide acts not to inhibit hor
mone synthesis but as substrate for further 
intrathyroidal hormone production. The basic 
mechanism whereby this autoregulatory effect 
becomes abnormal in vulnerable patients is 
not yet clarified. The fact that this condition is 
more common in endemic goiter regions, as
sociated with previous iodine deficiency, sug
gests that prolonged iodine deficiency will 
cause some defect in autoregulation of iodine 
metabolism. 

Nevertheless, the few reports that suggest 
that iodide-induced hyperthyroidism may oc
casionally occur in a patient with a previously 
normal thyroid gland cannot readily be ac
cepted. It is more likely that the thyroid gland 
even in such a patient has some intrinsic ab
normality of iodine metabolism, although the 
patient may have been clinically normal prior 
to the onset of Jod-Basedow's syndrome. 

Diagnosis 

As previously mentioned, this syndrome is 
generally diagnosed by the appropriate history 
of iodine intake; the usual presence of a pre
vious goiter, which often is multinodular; the 
finding of symptoms and signs of hyperthyroid
ism clinically; and the demonstration of ele
vated levels of serum thyroxine and total serum 
triiodothyronine, accompanied by a sup
pressed TSH determination. It is of interest 
that there is one report of a case of iodide-
induced thyrotoxicosis with elevation of only 
triiodothyronine concentration.1 The radioac
tive iodine uptake is also suppressed by virtue 
of saturation of the thyroid gland with iodine. 
Since the serum thyroid hormones are elevated 
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and the radioactive iodine uptake is reduced, 
the differential diagnosis has to include silent 
thyroiditis and factitious thyroxine administra
tion. 

In silent thyroiditis, there is, of course, no 
history of iodine administration. There may be 
thyroid autoantibodies, and the amount of 
iodine present in the urine would be compati
ble only with the increased rate of degradation 
of thyroid hormone. In the case of factitious 
thyroxine administration, the serum thyroglob-
ulin level would be very low. Under these 
circumstances, this finding can virtually be 
caused only by thyroid hormone administra
tion in an otherwise normal person.26 In the 
case of all other types of hyperthyroidism, 
including Jod-Basedow's syndrome and thy
roiditis, serum thyroglobulin is elevated or is 
at the upper end of the normal scale.4,33 

Clinical Course 
Iodide-induced hyperthyroidism is usually mild 
and will ultimately remit spontaneously. Oc
casionally, it is severe and responds only very 
slowly to antithyroid drug therapy. This finding 
is presumably due to the large amount of 
stored hormone and the increased circulating 
levels of iodide, which slow the response to 
treatment. The use of beta-adrenergic blocking 
agents may be helpful under these circum
stances. Radioactive iodine cannot be em
ployed as therapy because the gland is already 
saturated. 

Although iodide must be withdrawn to effect 
the remission, Vagenakis and Braverman have 
reported that Jod-Basedow's syndrome may be 
exacerbated initially following withdrawal of 
the iodide, possibly because of removal of 
some degree of inhibition of hormone secre
tion by the high levels of iodide. 

THYROIDITIS 

Many types of thyroiditis may be associated 
with hyperthyroidism. These forms include 
subacute thyroiditis, silent thyroiditis, post-
partum thyroiditis, and even Hashimoto's thy
roiditis. (Since these disorders are discussed 
elsewhere in this text, there will be no further 
discussion of this category in this chapter.) 

TSH-INDUCED HYPERTHYROIDISM 

Hyperthyroidism per se causes an undetectable 
or low serum thyrotropin (TSH) concentra

tion. The obvious reason for this finding is that 
hyperthyroidism when not caused by excess 
TSH itself will exercise normal feedback con
trol via TRH and the anterior pituitary itself 
and will inhibit TSH production. Rarely, hy
perthyroidism is caused by increased pituitary 
TSH secretion, with consequent thyroid hor
mone secretion excess. In all of the cases 
reported thus far, the increased TSH secretion 
has been of anterior pituitary origin itself, and 
there has been no report of TSH production 
from ectopie sources.748 

Causes of TSH-induced 
Hyperthyroidism 

Production of TSH by the thyrotrophs is nor
mally regulated by a direct inhibitory action of 
the thyroid hormones on the thyrotrophs them
selves.48 These cells are very sensitive to these 
hormones so that the slightest increment will 
cause a decrease in TSH production, whereas 
the slightest decrement in thyroid hormone 
concentrations will cause a definite increase in 
TSH secretion. At the cellular level, most of 
the inhibitory effect appears to be due to T3 
acting via nuclear receptors. It is now well 
known that conversion of T4 to T3 occurs within 
the thyrotrophs; T3 produced within the pitui
tary appears to account for a greater propor
tion of thyroid hormone action in these cells 
than does conversion of T4 to T3 in other 
tissues. 

Hypothalamic thyrotropin-releasing hor
mone (TRH) also is an important regulator of 
TSH secretion. The action of TRH appears to 
be readily inhibited by small increases in cir
culating thyroid hormone concentration.41 

There is, however, little evidence that the 
secretion of TRH in turn is regulated by thy
roid hormones, so that the prime effect of 
these hormones seems to be directly on the 
thyrotrophs.25 The physiologic regulation of 
TSH secretion also depends on various other 
factors, such as glucocorticoids, somatostatin, 
and dopamine. 

As previously mentioned, TSH will rise sig
nificantly with the most minimal decrement of 
thyroid hormone concentration, and thus the 
most common cause of TSH hypersécrétion is 
primary hypothyroidism. In this situation, hy-
perplasia and hypertrophy of the thyrotrophs 
are present, and the pituitary may enlarge even 
so as to become clinically evident.9 When 
thyroid hormone therapy is provided, TSH 
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declines and all of the aforementioned changes 
subside. 

Potential causes of TSH-induced hyperthy-
roidism have been listed by Utiger.48 Most 
patients with this syndrome can be shown to 
have pituitary adenomas, but in others tumors 
could not be detected. Utiger has concluded 
that TSH-induced pituitary hyperthyroidism in 
all patients, whether they have a pituitary 
tumor or not, results from resistance to T4 and 
T3 within the thyrotrophs. It is important to 
emphasize, however, the sequence may rather 
be that the tumors themselves cause, but do 
not necessarily themselves result from, resis
tance to T4 and T3. In any event, this resistance 
causes a reduction in the intracellular signal, 
which inhibits the secretion normally gener
ated by T4 and T3. Increased TSH secretion 
thus persists despite the presence of increased 
levels of thyroid hormone in the blood. There 
appear to be other cases in which pituitary 
tumor cannot be demonstrated, and these have 
been termed as "pituitary resistance to thyroid 
hormone."13 

Some investigators consider that there is a 
fundamental difference between these entities, 
and indeed most of the patients with definite 
pituitary tumors have had an increase in serum 
concentrations of TSH alpha subunit, even 
when serum TSH was only modestly increased. 
The patients without demonstrable tumors 
have tended not to have increases in the alpha 
subunit (Table 14-1).7 24 48 Since these patients 
are clinically hyperthyroid, it is clear that there 
is no resistance to thyroid hormone action 
elsewhere in other tissues. It is not as clear 
whether, in fact, there is any fundamental 

difference between these two forms as is so 
often proposed. 

However, thyrotropin resistance to thyroid 
hormones, whether in the pituitary itself or 
generalized throughout all tissues, could result 
from several abnormalities. These include im
paired cellular entry of T4, T3, or both; reduced 
intracellular metabolism of T4 to T3; reduced 
thyroid hormone receptor numbers of affinity; 
and postreceptor abnormalities or accelerated 
intracellular conversion of T4, T3, or both to 
biologically inactive metabolites.48 Some or all 
of these abnormalities might ensue from tumor 
growth. I suspect that at least in some instances 
very small and thus occult tumors of the thy
rotrophs have been thrust into the category of 
"pituitary resistance to thyroid hormones," 
whereas obvious tumors are so classified. It 
could also be that when tumor tissue is ex
ceedingly minute in amount, it may be re
flected by qualitatively different laboratory val
ues when compared with those of the much 
larger or macroadenomas. 

There has been no definite proof that any 
of the cases of TSH-induced hyperthyroidism 
are due to excessive production of thyrotropin-
releasing hormone (TRH), with one possible 
exception.19 Indeed, pituitary TRH receptors 
are "down regulated" by TRH. Moreover, the 
actions of TRH are readily inhibited by T4 and 
T 31 

Composit ion of TSH 

TSH is a glycoprotein hormone that is com
posed of two dissimilar noncovalently linked 
subunits, an alpha and a beta. The alpha 
subunit is common to TSH, luteinizing hor-

Table 14—1. Characteristic Patterns of Thyroid-stimulating Hormone (TSH) Secretion in Patients with TSH-
induced Hyperthyroidism* 

Pituitary Tumor No Pituitary Tumor 

Serum TSH 
Basal μϋ/rnl 
Response to thyrotropin-releasing 

hormone (TRH) 
Response to T4 or T3 
Response to glucocorticoid 
Response to dopaminergic agonist 
Response to somatostatin 

Serum alpha-subunit 
Basal 
Response to TRH 
Response to T4 or T3 
Response to glucocorticoid 

1.7 to 525 
Πο change 

No change 
Decrease 
Variable 
Variable 

Increase 
No change 
No change 
No change 

2.7 to 260 
Increase 

Decrease 
Decrease 
Variable 

Normal 
Increase 
Decrease 
Decrease 

* Reproduced from Utiger, R.: TSH-induced hyperthyroidism. In: Delange, F., Fisher, D. A., and Malvaux, P., (eds.), 
Pediatrie Thyroidology (Pediatrie and Adolescent Endocrinology, Vol. 14). Basel, S. Karger, 1985, with permission. 
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mone (LH), follicle-stimulating hormone 
(FSH), and hCG. The beta subunit of each 
glycoprotein hormone is unique and thus de
termines the immunologie and biologic speci
ficity of each hormone.35 Both subunits are 
synthesized separately in the thyrotrophs and 
later linked to form TSH. However, small 
amounts of the subunits are secreted into the 
circulation in normal individuals. 

Serum TSH concentrations in patients with 
TSH-induced hyperthyroidism are either ele
vated or in the high normal range.724-48 Even 
if a normal result is obtained, that would be 
inappropriately elevated in the face of high 
levels of circulating thyroid hormones. In the 
various reported cases, TSH concentrations 
have varied widely from normal values up to 
extremely high values. In comparison, patients 
are usually only moderately hyperthyroid with 
elevations of thyroid hormones no higher than 
two to three times normal. This finding sug
gests that in those patients with extremely high 
levels of TSH, the hormone may have rela
tively reduced biologic activity. The observa
tion that there are usually substantial increases 
in serum alpha subunit concentrations found 
in some patients with TSH-induced hyperthy
roidism indicates the disorder in intracellular 
TSH production that occurs in some of these 
patients. In one thyrotrophic tumor in culture, 
there was a discordant rate and pattern of 
alpha subunit and TSH secretion.11 

Clinical Manifestations 
The youngest patient with this disorder so far 
reported was 4 years of age. This child, how
ever, did not have an overt pituitary tumor. 
The youngest person with a pituitary tumor 
was 16 years of age.38 Most patients have been 
adults, with equal frequency between males 
and females. While generally not familial, 
there is one instance in which several members 
of the same family have been affected.37 

The patients have suffered only mild hyper
thyroidism with no evidence of ophthalmopa-
thy or dermopathy. The relative mildness of 
the hyperthyroidism has been remarked upon 
frequently and, as mentioned, seems remark
able in the light of some of the extremely high 
values of TSH that have been reported.748 

Quite often, the initial manifestation of the 
disorder was that of a pituitary mass rather 
than hyperthyroidism itself. Many of the pa
tients had received antithyroid drug therapy or 
ablative treatment for the hyperthyroidism, 

and in these circumstances some patients re
quired multiple doses of radioactive iodine or 
repeat thyroidectomies. The goiters are gen
erally small, and following ablative therapy 
recurrent goiters are common.48 

The pituitary tumors may produce TSH 
alone or may produce excessive amounts of 
growth hormone or prolactin. Thus, acromeg-
aly and galactorrhea may be seen in these 
patients.5,7 '48-52 Visual field involvement has 
been observed secondary to the compression 
of the optic tracts by the tumor, and enlarge
ment of the sella turcica is frequently observed 
with roentgen examination. 

Laboratory Findings 
Laboratory studies, of course, show increases 
in serum thyroxine and triiodothyronine con
centrations, which are often proportionate, 
unlike the finding in Graves' disease, which is 
a disproportionate increase in serum triiodo
thyronine concentration. Although the TSH 
will be normal or elevated, the values in gen
eral are higher in those patients with overt 
pituitary tumors. The values become much 
higher following various forms of treatment, 
whether antithyroid drug therapy, radioactive 
iodine, or thyroidectomy, and patients with 
serum TSH concentrations greater than 100 
mU/L usually have had such treatment. The 
alpha subunits are commonly increased pro
portionate to the total amount of TSH (see 
Table 14-1). 7<24<48 

The response of TSH to TRH has been 
studied5-7' 13' 24 '28 '51 ' 52 Generally, with overt 
tumors, TSH concentrations change little in 
response to TRH but rise in response to anti
thyroid drug therapy in about half of the 
patients so treated. The serum alpha subunits 
also change little following TRH stimulation. 
Glucocorticoid administration will cause a par
adoxical rise in total TSH in many of the 
patients with overt tumors so far studied but 
not in the alpha subunit. Conversely, TSH 
secretion in those without overt tumors is 
remarkably different from those with such tu
mors. In the "nontumorous" group, TSH con
centrations generally increased with TRH 
administration and following antithyroid drug 
therapy. In comparison, administration of ex
cess thyroid hormones would cause some drop 
in the TSH values. Glucocorticoids cause 
serum TSH levels to decline in this group of 
patients and the alpha subunit proportions are 
generally normal.1351 
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These differences in response between those 
patients with overt pituitary tumors and those 
without such tumors have been heralded as 
representing fundamental differences and thus 
two diseases. The evidence so far would sup
port such a view, since the nontumorous pa
tients have not yet developed pituitary tumors 
despite follow-up of several years.48 However, 
another view is that both disorders do repre
sent "tumors." The tumors obviously have a 
doubling time such that they become overt 
over a matter of years, whereas the "nontu
morous" group may represent those with an 
extremely slow rate of doubling, in which even 
a lifetime may pass with little change. Indeed, 
this question has yet to be answered. 

Diagnosis 

The question certainly must be asked, Should 
serum TSH be determined in all hyperthyroid 
patients? It is obvious that TSH-induced hy-
perthyroidism is very rare, or conversely the 
cause of hyperthyroidism in the vast majority 
of patients is reasonably obvious. However, 
the newer and very sensitive TSH assays may 
simplify the making of the diagnosis.30 With 
the new immunoradiometric techniques, pa
tients with hyperthyroidism of all other causes 
will be shown to have less than 0.3 mU/L of 
TSH in the sera. It thus becomes possible, for 
the first time, to rely on TSH determinations 
even when they are not elevated. I thus favor 
the carrying out of TSH determinations in all 
patients with hyperthyroidism. In those with 
an inappropriately high level of TSH, meas
urements of serum alpha subunit concentra
tions shoud also be carried out. 

Treatment 

If a tumor can be demonstrated, transsphenoi-
dal resection of the adenoma should be under
taken. This treatment has resulted in long-
term cures in several instances, although it is 
not yet possible to ensure that a permanent 
cure has been achieved.7 48 In some patients 
with very large tumors, multiple operations 
and postoperative radiation therapy might be 
considered, since TSH-secreting tumors may 
be ameliorated by such therapy.6 

The treatment of patients who do not have 
pituitary tumors is not entirely satisfactory. 
Amelioration of the hyperthyroidism with an-
tithyroid drugs or with radioactive iodine ther
apy certainly must be offered. However, it is 

noteworthy that such therapy does result in 
increasing serum TSH concentrations and 
could conceivably result in the development of 
a pituitary tumor, although that consequence 
has not yet been realized. The use of adjunc-
tive symptomatic measures, such as beta-ad-
renergic blockers, might be useful in this re
spect.7 48 

THYROID CARCINOMA 

Actual hyperthyroidism secondary to carci
noma of the thyroid is rare, despite the fact 
that thyroid function persists in most cases of 
follicular carcinoma of the thyroid. In the 
majority of about 30 cases now reported, the 
hyperthyroidism has been made evident after 
complete thyroidectomy.7 Probably this is only 
because the widespread métastases did not 
appear until somewhat later, although it is 
possible that basal levels of TSH were elevated 
after removal of the thyroid itself; these may 
have caused further stimulation of the meta-
static thyroid neoplastic tissue. In any event, 
there have been other examples in which the 
hyperthyroidism was documented prior to thy
roidectomy. The evidence suggests that the 
tumor métastases almost invariably function in 
a suboptimal fashion when compared with nor
mal tissue. The reason that hyperthyroidism 
develops is because of the large mass of tumor 
tissue; although each unit of tissue is producing 
less thyroid hormone than a comparable unit 
of normal tissue, the function of the neoplastic 
tissue is autonomous. The net result of the 
functioning large mass of tissue is the produc
tion of excess amounts of thyroid hormone. 
TSH is suppressed, as would be expected in 
any type of hyperthyroidism other than that 
due to TSH itself. 

There has been at least one case of hyper
thyroidism in which thyroid-stimulating anti
body (TSAb) was present, owing to Graves' 
disease, and was capable of stimulating the 
métastases to produce hyperthyroidism.17 

A few unusual features should be men
tioned. Abnormal thyroglobulin has been 
found in one follicular carcinoma of the thy
roid, which, while immunologically identical 
to normal thyroglobulin, was quite different in 
its physical characteristics and amino acid com
position.10 In addition, there has been one case 
of T3 thyrotoxicosis.44 There is at least one 
example of a lymphoma involving the thyroid 
that caused rapid destruction of thyroidal tis-
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sue, with a clinical picture analogous to that 
of subacute thyroiditis.38 

There are only very few examples in which 
follicular carcinomas of the thyroid are them
selves hyperplastic, although it is obvious that 
carcinoma of the thyroid can coexist in a 
person who has hyperthyroidism as a result of 
Graves' disease or other benign processes.14, 

28,45 Miner29 has stated that in all reports in 
which "hot" thyroid carcinomas have been 
reported, further careful investigation has 
failed to validate those claims. 

HYPERTHYROIDISM DUE TO 
EXOGENOUS THYROID HORMONE 
EXCESS (FACTITIOUS 
THYROTOXICOSIS) 
The syndrome of factitious hyperthyroidism 
must be at least briefly considered.7 The pa
tients who suffer this disorder, of course, usu
ally have major personality disorders, often 
want to be extremely thin, and may be hyster
ical, rigid, perfectionistic, and immature in 
their behavior. Indeed, one patient actually 
submitted herself to total thyroidectomy and 
two courses of radioactive iodine treatment.7 

The diagnosis should be suspected in the 
presence of long-standing elevations of thyroid 
function test results and low radioactive iodine 
uptake values, in the absence of thyroid en
largement. The differential diagnosis includes 
painless thyroiditis; Jod-Basedow's syndrome; 
and the rare examples of functioning thyroid 
carcinoma with thyroid either removed or de
stroyed, and ovarian teratoma (struma ovarii). 

A determination of the serum thyroglobulin 
concentration is extremely useful in differen
tiating among these disorders. In the case of 
factitious thyrotoxicosis, the serum thyroglob
ulin level will be markedly reduced, whereas 
in all of the others mentioned the thyroglobulin 
level will be either high or well above normal.26 

A very unusual variant of factitious hyper
thyroidism has been described, owing to the 
inadvertent ingestion of foods containing large 
amounts of thyroid tissue. A recent "epi
demic" due to the ingestion of hamburger 
laden with such thyroid tissue has been re
ported.183 

EXTREMELY RARE FORMS OF 
HYPERTHYROIDISM 
Mention should be made of hyperthyroidism 
due to hyperactivity of thyroid tissue in struma 

ovarii. This extremely rare entity should be 
considered in instances of hyperthyroidism in 
which the "neck uptake" is very low, but the 
serum thyroglobulin is not suppressed.7,26 A 
pelvic scan with 131I would be useful when this 
condition is being seriously considered, but 
false positive results have been reported.7 

Hyperthyroidism has also been reported in 
association with McClune-Albright syn
drome.55 This condition is characterized by the 
polyostotic fibrous dysplasia of bone, cuta
neous pigmentation, sexual precocity, and a 
variety of other endocrine disturbances, in
cluding thyroxicosis. The hyperthyroidism is 
of mild severity and appears to be related to 
autonomous nodules; TSH is suppressed, and 
there are no demonstrable abnormal thyroid 
stimulators. The cause of the syndrome is 
unknown and that is also true for the compo
nent of hyperthyroidism. The treatment is the 
same as that for other cases of toxic nodular 
goiter. 
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Hypothyroidism may be defined as the result 
of inadequate production or delivery of thyroid 
hormone to its site or sites of cellular action.93 

Generally, hypothyroidism is due to an inad
equate output of thyroid hormone and may 
occur at any time of life, even in utero. The 
inadequate production may be caused by dis
orders of the thyroid gland itself, by anterior 
pituitary insufficiency, or uncommonly by hy-
pothalamic abnormalities.54 Resistance to the 
action of thyroid hormones is a very rare cause 
of hypothyroidism.69 

Virtually every tissue in the body is affected 
to a greater or lesser extent by thyroid hor
mone deficiency. The clinical picture will de
pend upon a variety of factors, such as the 
rate of onset of the deficiency and its severity.38 

The term myxedema, often used as a synonym 
for hypothyroidism, has another connotation, 
namely, the presence of mucinous edema that 
can be recognized clinically. Because many 
patients with hypothyroidism do not show such 
marked clinical changes, the term myxedema 
should be applied to only those with severe 
disease and specific tissue alterations.38 

Table 15-1 will list the causes of hypothy
roidism. The great majority of patients who 
present with hypothyroidism suffer from pri
mary thyroid disease. Pituitary hypothyroidism 
is uncommon and should be suspected if there 
is other clinical evidence of primary pituitary 
disease, such as acromegaly, Cushing's syn
drome, visual field defect, history of pituitary 
surgery or irradiation, or other more unusual 
causes of hypopituitarism.54 A rare cause of 
hypopituitarism with secondary hypothyroid-

Table 15-1 . Causes of Hypothyroidism 

1. Marked reduction in thyroid parenchymal cells 
a. Thyroid agenesis or hypogenesis 
b. Thyroiditis (almost always secondary to autoim

mune thyroiditis; rarely, after subacute thyroid
itis; very rarely, after Riedel's struma) 

c. Radiation (radioactive iodine or external) 
d. Thyroidectomy 
e. Cancer 
f. Infiltrations or degenerations of the thyroid 

gland 
2. Types due to normal or hyperplastic thyroid gland 

a. Enzymatic defects (includes Pendred's syn
drome) 

b. Iodine deficiency 
c. Qoitrogens 

3. Decrease in stimulation of thyroid gland (reduction 
of thyrotropin due to pituitary or hypothalamic 
disease) 

4. Peripheral resistance to thyroid hormone effects 
(Refetoff's syndrome) 
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ism, namely, lymphoid hypophysitis, can also 
be associated with primary hypothyroidism due 
to Hashimoto's thyroiditis.49 It most commonly 
occurs in the postpartum period and may be 
confused with Sheehan's syndrome (postpar
tum pituitary necrosis), another cause of post
partum pituitary insufficiency. 

Primary hypothyroidism occurs most fre
quently in women, with a sex ratio of fe
males: males of 10:1 in symptomatic patients. 
The disease can occur at any age, although the 
most common age of presentation is between 
30 and 65 years. Permanent forms of hypothy
roidism are categorized in Table 15—1; tran
sient forms are listed in Table 15-2. 

The clinical syndrome of hypothyroidism 
was first described by Gull in 1874.37 The term 
myxedema was coined by Ord in 1888,66 and 
as mentioned, myxedema and hypothyroidism 
were considered synonymous terms for several 
years. However, it has long been clear that 
hypothyroidism varies in biochemical and clin
ical severity, and this is discussed subse
quently. 

EPIDEMIOLOGY 

A study by Tunbridge89 indicated that overt 
hypothyroidism, accompanied by low levels of 
thyroxine and raised thyroid-stimulating hor
mone (TSH) values, occurred in a survey in 
northeastern England in 14 of 1000 females 
and in less than 1 of 1000 males. This finding 
is similar to previous survey results reported 
by Gordin and associates.35 In these surveys, 
the overall prevalence of both treated and 
untreated cases of overt hypothyroidism was 
in the order of 0.6 to 0.8%. These studies, 
however, were done in areas without iodine 

Table 15-2. Transient Hypothyroidism 
Circumstances* 

1. Drug administration (antithyroid drugs, iodine, 
lithium, other goitrogens) 

2. Subacute thyroiditis 
3. Silent thyroiditis 
4. Postpartum thyroiditis 
5. Autoimmune thyroiditis 
6. After discontinuing long-term thyroid hormone 

therapy 
7. Postoperatively in Graves' disease 
8. Following radioactive iodine treatment 
9. Hypothyroidism recovering, then changing into 

hyperthyroid Graves' disease 
10. Neonatal transient hypothyroidism 

* Reproduced from Lamberg, B. A.: Etiology of hypo
thyroidism. Clin. Endocrinol. Metab. 8:3-19, 1979, 
with permission. 

deficiency; it should be emphasized that the 
frequency of hypothyroidism in areas of iodine 
deficiency is clearly much higher. Ibbertson45 

has shown that the serum TSH level may be 
elevated in up to 50% of persons who live in 
areas of severe iodine deficiency. In these same 
regions cretinism may occur in 1 to 10% of the 
population. The presence of minor degrees of 
hypothyroidism (both mild and subclinical 
forms) will always be more common than the 
overt forms of the disease. The term will also 
embrace patients with "compensated" hypo
thyroidism, i.e., normal circulating thyroid 
hormone levels with high TSH values, as well 
as those with equivocal or slightly low thyroid 
hormone concentrations and elevated TSH lev
els.26 Up to 3% of the population can be placed 
in this category; it is much more common in 
females and has a much higher incidence with 
advanced age.35, 89 

It should be emphasized that the progression 
of compensated hypothyroidism to overt hy
pothyroidism is by no means a certainty. In
deed, Tunbridge89 suggests that only about 2%/ 
year of patients with both thyroid autoantibod-
ies and raised TSH levels will develop overt 
hypothyroidism. The incidence of develop
ment of overt hypothyroidism in patients with 
only thyroid autoantibodies on the one hand 
and raised TSH levels on the other, is much 
more uncommon. Indeed, thyroid autoanti
bodies and TSH levels can fluctuate sponta
neously, and many patients with histologie 
evidence of autoimmune thyroiditis never de
velop clinical evidence of thyroid disease dur
ing their lifetimes.18, 99 

Hypothyroidism may occur at any time of 
life and has different characteristics and con
sequences at different stages of life. The term 
cretinism relates to hypothyroidism that com
mences in fetal or neonatal life, and this is 
discussed next. 

CRETINISM 

Etiology 

Cretinism results from an inadequate output 
of thyroid hormone during uterine and neo
natal life.45'47'60 It may be endemic (related to 
severe iodine deficiency) or due to enzymatic 
defects within the thyroid gland. A goiter may 
be associated with these forms of cretinism 
(goitrous cretinism).45,60 The more uncommon 
sporadic cretinism is usually not associated 
with goiter, and the genetic aspects of this 
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disorder remain to be clarified.21 Indeed, many 
such patients have no demonstrable thyroid 
tissue (athyreotic cretinism due to thyroid apla
sia) or may have thyroid hypoplasia.54 Thus, 
the causes of cretinism include developmental 
abnormalities of the thyroid gland, genetic 
enzyme defects, iodine deficiency, and exces
sive maternal intake of goitrogens.54 When the 
thyroid is hypoplastic, it may often be found 
in unusual sites, for example, lingual thyroid.54 

While autoimmune thyroiditis rarely makes 
its appearance within the first years of life, 
there are at least two reports suggesting that 
cretinism may have been conceivably due to 
autoimmunity.11 85 The passive transfer of 
TSH-blocking antibodies may also be a cause 
of transient neonatal hypothyroidism.59 How
ever, contrary to some recent reports,91 such 
antibodies, including "thyroid growth inhibit
ing" antibodies are very unlikely to result in 
permanent hypothyroidism. Very rarely, resis
tance to thyroid hormone at the cellular level 
may also result in cretinism.70 

Clinical Aspects 
Thyroid hormone is essential during embryonic 
life for the growth and development of many 
tissues, especially brain tissue. The influence 
of thyroid hormone on brain metabolism has 
been investigated extensively.47 There is evi
dence of depressed RNA and protein synthe
sis, decreased activity of specific central ner
vous system enzymes, reduced neuronal cell 
population, decimated synaptic interactions, 
and deficit of myelin,36 which may be irrepa
rable, following severe fetal hypothyroidism. 

In humans, the critical period during which 
thyroid hormones influence brain development 
encompasses the last months of fetal develop
ment and the first postnatal year. This period 
is associated with rapid myelinization, prolif
eration of dendritic and axonal processes and 
glial cells, and continuing division of neuro-
blasts.74 Mental development in children with 
congenital hypothyroidism depends largely on 
the duration of postnatal thyroid deficiency; 
mental retardation, unlike growth retardation, 
cannot "catch up" later in life, even under 
optimal replacement therapy with thyroid hor
mones.47 Children treated before the age of 3 
months show a much higher percentage of IQs 
above 90 than those treated after the age of 3 
months.52 

Thus, the outcome of mental development 
in the individual child depends on the duration 

and severity of thyroid deficiency during fetal 
and neonatal life. The infant completely de
prived of thyroid hormone during fetal life will 
be retarded, no matter how early thyroxine is 
initiated following birth. The retardation can 
be ameliorated to a greater or lesser degree if 
thyroid hormone is begun immediately after 
birth.7577 Indeed, if the fetal thyroid has pro
duced even a modicum of thyroid hormone 
during gestation, thyroxine therapy begun 
even some weeks after birth may result in 
ultimate normal mental and physical develop
ment. However, whether "normal" mentation 
attained under these circumstances represents 
the optimal that that particular person might 
have attained had he not suffered intrauterine 
hypothyroidism is uncertain; rather, studies 
suggest that subtle mental and motor system 
abnormalities may persist.7577 All other clinical 
manifestations are readily and completely re
versible when thyroxine therapy is utilized in 
this fashion. 

Clinical Diagnosis 
Clinical recognition of hypothyroidism during 
the earliest period of life may be difficult. The 
full-blown picture develops slowly over weeks 
or months.74 At birth, most infants with hy
pothyroidism and even some with athyreosis 
appear normal.74 However, there may be some 
nonspecific signs or symptoms or abnormalities 
of behavior present during the newborn period 
that are attributable to hypothyroidism, at 
least in retrospect. Thus, such elements as 
prolonged jaundice, feeding problems, som
nolence, and constipation may be present quite 
early in life.47 

Later, the characteristic features of cretinism 
can readily be recognized.21' 47 The cretin is 
dwarfed and has short limbs (Fig. 15-1). The 
nose is broad, the eyelids are puffy and wrin
kled, the tongue is thick, the voice is husky, 
and the forehead is short. The teeth appear 
late. The fontanelles also close late. The hands 
and feet are short, broad, and puffy. The skin 
is coarse and dry; the hair is sparse and dry. 
The abdomen usually protrudes, and umbilical 
hernias are common. Mental retardation may 
be severe. Cretins are slow to crawl, sit, or 
stand; their movements are slow. The physi
cian should suspect cretinism in infants who 
show marked retardation of development, 
sluggishness, dwarfism, delayed bone devel
opment, bradycardia, and often hypothermia 
(see Fig. 15-1). 
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Figure 15—1. Five-year-old child with severe cretinism. 
Note the marked shortness of stature, depressed 
bridge of the nose, and short fingers. This child was 
also very markedly mentally retarded. 

Diagnosis 
In the newborn period, as in later life, low 
thyroxine (T4) and high thyrotropin (thyroid-
stimulating hormone, TSH) values constitute 
the characteristic finding of primary hypothy-
roidism.53 However, the physiologic changes in 
thyroid function occurring during the normal 
neonatal period have to be taken into consid
eration when laboratory tests are performed.31 

Thus, TSH concentrations in cord blood are 
normally significantly higher than in maternal 
blood. Ater birth, there is a further sharp 
increase, reaching peak values within the first 
2 hours of life that are many times higher than 
basal TSH levels. There is, thereafter, a rapid 
decline in TSH concentrations, reaching adult 
levels by the second day of life. 

Serum triiodothyronine concentrations are, 
in contrast, three times lower in cord blood 
than in maternal blood.69 Thyroxine, in com
parison, shows no significant difference from 
the level in maternal blood.31 Both thyroid 
hormones rise within the first 24 hours and 
then remain slightly above adult levels for 
several days. Reverse T3 (3,3'5'-triiodothyro-
nine, rT3) will be found to be elevated during 
the first 4 days of life, decreasing to adult 
levels thereafter.31 

It should also be emphasized that the mean 
level of serum thyroxine in prematurely born 
infants are significantly lower than in term 
infants and this too has to be kept in mind.31 

Neonatal Screening for Congenital 
Hypothyroidism 
Screening programs are now functioning on a 
large scale in North America, Europe, and 
Japan.22 '47 Hormone determinations may be 
done either in cord blood or in dried blood 
spotted on filter paper. While cord blood per
mits a relatively large quantity of plasma and 
allows the determination of a whole spectrum 
of thyroid hormones by conventional radio-
immunoassay methods, nevertheless, there are 
distinct disadvantages to the use of cord blood 
for this purpose. First, the shipment of plasma 
samples is not convenient for large scale pro
grams. Second, there is a considerable overlap 
between normal and pathologic ranges directly 
at birth.47 Therefore, most medical centers are 
now employing filter paper blood spots, usually 
taken by heel pad stabbing 5 days after deliv
ery. These filter paper spots can be readily 
handled logistically in large numbers, and new 
automated techniques have been made avail
able for determination of thyroxine, TSH, or 
both. 

The disadvantage of T4 screening is the high 
rate of retesting of specimens by TSH (and T4) 
determinations, and a recall rate of more than 
1%. Thus, many centers have gone directly to 
TSH determination as a single screening pro
cedure. Values above 25 mU/L are considered 
abnormally high. When such values are ob
tained, the diagnosis of primary hypothyroid
ism is achieved by a second test of TSH and 
T4 in dried blood before thyroxine therapy is 
instituted. 

Because of its low recall rate, TSH screening 
seems most suitable for a mass screening pro
gram. Of course, it is limited to the discovery 
of primary hypothyroidism on the order of one 
infant in every 3000 to 5000 live births.22'47 

This program does not permit the detection of 
secondary hypothyroidism which, however, is 
quite rare at this age, and such infants may 
not be so crucially affected by early diagnosis 
and treatment. These screening programs are 
clearly cost effective and are recommended for 
all countries that have the organization to 
mount them.22 

In the absence of screening procedures, 
serum thyroxine and TSH determinations car-
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ried out at the time of examination will estab
lish the diagnosis. However, the importance of 
screening procedures for early diagnosis and 
treatment cannot be overemphasized.77 Roent-
genograms will reveal abnormalities of osseous 
development, such as delayed ossification, de
layed closure of fontanelles, delayed appear
ance of epiphyseal centers, delayed bone age, 
and retarded growth of the base of the skull. 
Ossification centers often have an unusual stip
pled appearance because several small subcen-
ters unite to form an irregular center.21'47 

Cretinism may occasionally be confused with 
mongolism.7 However, children with Down's 
syndrome, while retarded, are active, and have 
hyperextensive joints and fine features. They 
display no evidence of retarded ossification; 
although their growth is below the average, 
they are usually not dwarfs.7 Of course, test 
results of thyroid function are usually normal, 
although there is an increased incidence of 
autoimmune thyroid disease in patients with 
Down's syndrome.28 

Treatment 
While therapy for all forms of hypothyroidism 
is discussed at the end of this chapter, a few 
points in relation to the management of cretin
ism will be made at this juncture. Treatment 
should be initiated as soon as possible, even if 
the diagnosis has not yet been substantiated 
definitively by hormone determinations in 
plasma. In the TSH screening programs, sub
stitution therapy with thyroxine commences 
immediately after blood sampling at the recall 
examination, which is usually within the sec
ond week of life. The initial dosage in a 
newborn is usually 0.025 mg of thyroxine daily, 
to be increased after 3 weeks to 0.050 mg 
daily.47 By the age of 3 or 4 years, the dosage 
can be increased gradually to an adult lifetime 
maintenance dosage of approximately 0.1 to 
0.15 mg/day. Infants are evaluated at 1- to 3-
month intervals, particularly to ensure that the 
TSH values have returned to and then remain 
at normal levels. 

As previously mentioned, it should be noted 
that transient neonatal hypothyroidism, if not 
recognized as a transient disturbance, may lead 
to lifelong, unnecessary thyroxine therapy. 
Transient hypothyroidism may be caused by 
iodine deficiency; by placental passage of thy
roid suppressive factors or goitrogens, such as 
antithyroid drugs or iodine; and by maternal 
thyroid autoantibodies. Radiocontrast iodine-
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containing materials or topical application of 
iodine-containing antiseptic agents may also 
cause transient neonatal hypothyroidism. In 
any event, only 1 to 2% of infants whose 
condition is diagnosed by newborn screening 
have transient hypothyroidism.16 

Because these patients will be identified in 
the screening programs and started on thyrox
ine therapy as if they were permanently hy
pothyroid, it is wise to recheck thyroid function 
at a later date. This should not occur before 
the age of 1 year and, preferably, about 3 
years, and should take the form of temporary 
withdrawal of thyroid hormone therapy.16 To 
do this with the least disturbance, the thyrox
ine should be replaced by triiodothyronine 
therapy for 3 weeks.47 The triiodothyronine 
can then be withdrawn for 1 week, and a TSH 
determination carried out. If the TSH deter
mination is then above 20 mU/L the patient 
may be safely considered to be truly perma
nently hypothyroid and reinstituted on lifelong 
thyroxine therapy. 

Of course, this section would not be com
plete without at least a brief comment about 
the prevention of iodine deficiency in the 
world, a common cause of goitrous cretinism 
in many regions. This prevention is accom
plished by the provision of iodine to the 
mother and the neonate. This simple state
ment, however, begs the question of the logis
tics of iodine administration to people in io
dine-deficient areas—a problem that has yet to 
be solved in several parts of the world.17 

CHILDHOOD AND ADULT 
HYPOTHYROIDISM 

Unlike cretinism, hypoplasia of the thyroid 
gland is a less common cause of hypothyroid
ism, beginning later in childhood.32 54 Acquired 
primary hypothyroidism is more common and 
may be caused by milder genetic enzymatic 
defects, thyroiditis, or medical or surgical in
tervention (subtotal thyroidectomy, radioac
tive idoine therapy). In addition goitrogens, 
iodine deficiency, and malignant destruction 
of the thyroid gland may cause hypothyroid
ism. A very rare cause of familial hypothyroid
ism should again at least be mentioned, 
namely, cellular resistance to or lack of rec
ognition of thyroid hormones (Refetoff s syn
drome).69, 70 This condition is characterized by 
minimal or occasionally severe clinical hypo
thyroidism, accompanied by high serum levels 
of T4, T3, and TSH. 
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Iodide-induced myxedema is of considerable 
interest; it results from the prolonged ingestion 
of moderate or large doses of iodide usually in 
the form of an expectorant mixture.3'97 Certain 
proprietary drugs used in the treatment of 
asthma contain large amounts of iodine. It 
appears to be that only persons who are es
pecially responsive to the inhibitory effects of 
iodide develop goiters or hypothyroidism un
der such prolonged therapy. Some of these 
patients have coexisting thyroid abnormalities, 
such as Hashimoto's thyroiditis, which predis
poses them to this excessive response to io
dide.92 In any event, the iodide acts directly 
on the thyroid gland, preventing the organic 
binding of iodide that changes it to organic 
iodine.97 Thus, the further synthesis of thyroid 
hormone is reduced, resulting in increased 
pituitary TSH secretion. The thyroid gland 
hypertrophies (iodide goiter). It may thus 
overcome the iodide-produced block and result 
in a euthyroid goiter, but if the block is severe, 
the individual will become hypothyroid. The 
process, of course, can be reversed by discon
tinuing the iodide.3, 97 

It is curious that both iodide excess and 
iodine deficiency can result in hypothyroidism. 
In many regions of the world, iodine deficiency 
remains the commonest cause of hypothyroid
ism. This subject has been touched upon as a 
cause of cretinism and is not discussed further 
herein. 

The most common cause of spontaneous 
hypothyroidism in adolescence or adulthood is 
autoimmune thyroiditis associated with either 
goiter or atrophy of the thyroid gland. Mild 
forms of this disorder are quite common. This 
disorder has been considered in depth in Chap
ter 11, and the etiology is not discussed in this 
section. In addition, in postpartum thyroiditis, 
a variant of autoimmune thyroiditis, there is 
commonly a transient phase of hypothyroidism 
(see Postpartum Thyroiditis, Chapter 11). Au
toimmune thyroiditis may also be associated 
with a state of chronic "compensated" or sub-
clinical hypothyroidism,27 which is discussed 
further subsequently. Indeed, there may be 
variations over time in the clinical disorder, 
varying from overt hypothyroidism to less 
marked hypothyroidism to disappearance of 
the disorder completely.95 Moreover, mild 
forms of this disorder may similarly vary over 
time clinically, biochemically, and serologi-
cally.19' 92 However, the vast majority of pa
tients who are found to be hypothyroid from 
this disorder will remain hypothyroid for life 

and accordingly should be appropriately 
treated (see later discussion).44 

Another form of hypothyroidism that 
should be emphasized is post-therapy hypo
thyroidism occurring after the surgical or 
medical treatment of Graves' disease or other 
thyroid disorders. Patients with Graves' dis
ease, whether treated with radioactive iodine 
or surgery, often become hypothyroid weeks, 
months, or many years later (see Graves' 
Disease, Chapter 13). Indeed, many patients 
treated with antithyroid drugs for Graves' 
disease may become spontaneously hypothy
roid years after such therapy. In these situa
tions, the therapy does not induce the hy
pothyroidism, rather the glandular deficiency 
results from concomitant spontaneous au
toimmune thyroiditis with ultimate destruc
tion of the thyroid gland.86' 92' 95 

It is also obvious that hypothyroidism may 
result from secondary causes, namely pituitary 
or hypothalamic disease. Under thjs circum
stance, the clinical features are milder and are 
often associated with the other clinical features 
of hypothyroidism. Other more uncommon 
causes of hypothyroidism are listed in Table 
15-1. 

Clinical Features (Figures 15-2 and 
15-3) 
The identification of patients with overt hy
pothyroidism rarely causes problems.38 The 
recognition of mild degrees of thyroid insuffi
ciency may, however, be difficult since individ
uals with mild hypothyroidism frequently have 
minor or nonspecific symptoms. Such com
plaints as lethargy, fatigue, and facial puffiness 
should certainly raise the suspicion of thyroid 
deficiency, particularly in persons who are at 
risk by virtue of their family history of autoim
mune disease.43 In addition, patients with 
Down's syndrome or Turner's syndrome, who 
manifest an increased incidence of autoimmine 
thyroid disease,2841 should be screened for this 
possibility. It should be kept in mind, however, 
that many patients with complaints of lethargy, 
lassitude, fatigue, and even puffiness of the 
face may have only functional disturbances and 
no evidence biochemically of thyroid disease. 

The subtle and prolonged evolution of this 
disorder is another obstacle to quick diagnosis. 
It may take years for the condition to become 
overt.1' 86 Spontaneous severe primary myx
edema in adults is usually due to atrophie 
autoimmune thyroiditis, whereas goitrous 
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Figure 15-2. A A 9-year-old girl with juvenile myxedema secondary to autoimmune thyroiditis. Note the puffy 
face, protuberance of the abdomen, and shortness of stature. B, The same child after 8 months of thyroxine 
therapy. C, Sister of girl in A and B, age 13. This photograph was taken when this girl was also myxedematous, 
likewise a result of autoimmune thyroiditis. D, The same patient 8 months after thyroxine therapy had been 
instituted, note the sharp gain in height and physical development. 

allows mucinous interstitial fluid to accumu
late.38 Thus, in overt hypothyroidism, patients 
will complain of dryness of hair and skin, 
fatigue, mild weight gain, cold intolerance, 
puffiness of face and body, decreased sweating, 
muscular aches and pains, constipation, bloat
ing, hoarseness, dyspnea, menorrhagia, deaf
ness, difficulty in concentration, and lapses of 
memory.86 These symptoms may have devel
oped subtly; the associated lethargy and apathy 
often ensures that the patients do not bother 
to seek medical advice. Under such circum
stances, they may decline into a vegetative 
existence and might even die in coma after 
years of myxedema. The sequence is particu
larly important in the elderly because these 
manifestations may be confused with senility 
or may act synergistically with minimal brain 
dysfunction to create a severely ill patient. 

The skin is characteristically dry and flaky 
with hyperkeratosis over the flexures. The dry
ness under these circumstances is at least partly 
due to the decreased sebum excretion rate.34 

The skin feels cool, and there may be a faint 
yellow color to the skin, particularly on the 
palms, soles, and creases. The color results 
from hypercarotenemia due to reduced con
version of carotene to vitamin A.24 The coars
ened features and subcutaneous swelling noted 

Hashimoto's thyroiditis does not frequently 
reach this severe form.1 

Thyroid hormone deficiency causes a wide 
variety of disturbances; it decreases the meta
bolic activity of virtually all body cells and 

Figure 15-3. An adult with severe myxedema second
ary to autoimmune thyroiditis. Mote the marked peri-
orbital edema. 
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in severe hypothyroidism are due to the pres
ence of mucinous interstitial fluid (a mixture 
of polysaccharides, hygroscopic hyaluronic 
acid, and chondroitin sulfate).33 Thus, the eye
lids are puffy, as are the hands and feet (Fig. 
15-3). The skin is thickened, coarse, and cold. 
The heart may be enlarged, the myocardium 
is pale and flabby, and the swollen myocardial 
fibers may be separated by an accumulation of 
mucinous material. Similar material may ac
cumulate on the serous surfaces. Congestive 
heart failure may occur. Hearing loss and poor 
memory may become evident. Depressive dis
orders, agitated states, or paranoia may be 
features of severe hypothyroidism. Vertigo 
may appear, and rarely true cerebellar ataxia 
may be demonstrable. Speech is characteristi
cally slow, and the voice is hoarse. The tongue 
is often thickened. Carpal tunnel syndrome 
may be seen.38'86 

Muscle involvement may be reflected by 
general aches, pains, and stiffness. The relax
ation phase of the tendon jerk is prolonged, 
while the contraction phase may remain quite 
brisk. This is a primary muscle abnormality 
and can be measured as the Achilles tendon 
reflex time. It is a feature of advanced hypo
thyroidism and may not be detected in very 
mild forms of the disorder. In addition, the 
patient may manifest pseudomyotonia, which 
reflects a slowness of the response of the 
muscle belly when it is directly struck by a 
sharp reflex hammer. This, too, is seen only 
in severe myxedema.38' 86 

Bloating and constipation are common, and 
ascites occasionally develops. Vital capacity 
and maximal ventilatory capacity may be re
duced, and pleural effusions may be demon
strable.38' 86 When hypothyroidism develops in 
children or adolescents, the growth rate is 
markedly slowed, and developmental distor
tions may occur (see Fig. 15-2).32 In young 
males, there may be enlargement of the geni-
talia, while in females there may be retardation 
of the menarche and secondary sex character
istic development or precocious puberty and 
galactorrhea (see Fig. 15-2).32 Long-standing 
primary hypothyroidism will also result in en
largement of the anterior pituitary gland due 
to the greater number of thyrotrophs. This 
finding may be evident in roentgenograms, 
particularly when patients are young.87 

Diagnosis 
Investigation of patients with suspected hypo
thyroidism falls into two categories.9 The first 

is to determine the status of thyroid function 
so as to confirm or rule out a diagnosis of 
hypothyroidism. The second is to determine 
the etiology of the hypothyroidism. 

Tests of Thyroid Function 
Direct techniques for measuring circulating 
thyroid hormone concentrations are widely 
available and are discussed elsewhere in this 
text. Serum thyroxine (T4) is now generally 
measured by radioimmunoassay. This proce
dure measures total serum T4 concentration, 
and thus alterations in the capacity of thyrox
ine binding proteins may lead to total hormone 
concentrations at variance with the clinical 
assessment of the patient. Serum T4 concentra
tion can be corrected for changes in thyroxine-
binding globulin (TBG) by carrying out an 
indirect measure of thyroxine binding, such as 
the T3 resin uptake. For the combination of 
these two measurements, a free thyroxine in
dex (FTI) can readily be calculated. In addi
tion, the free thyroxine (T4) can now be di
rectly measured, although there are theoretic 
problems with the interpretation of most of 
the results of many of the commercial proce
dures. 

The serum total triiodothyronine (T3) con
centrations can also be measured directly by 
radioimmunoassay. It is of interest that as 
hypothyroidism develops, the T4 will fall below 
normal values long before the T3. Neverthe
less, it is worthwhile testing for T3, since it 
does correlate fairly well with clinical status; 
when the T3 is still normal or only slightly 
subnormal, the patient will not be nearly as 
severely hypothyroid clinically as when the T3 
finally falls to significantly low levels. How
ever, the serum total triiodothyronine deter
mination should be interpreted with some cau
tion and understanding, since in the euthyroid 
"sick" syndrome (a condition that does not 
equate with true hypothyroidism), the serum 
total triiodothyronine may be very low indeed. 
However, as noted subsequently, the TSH 
concentration is not elevated in this curious 
nonthyroidal syndrome, whereas this finding is 
the first and most sensitive indicator of primary 
hypothyroidism. 

The radioactive iodine uptake will not be 
useful in the diagnosis of hypothyroidism. 
While in severe destruction of the thyroid 
gland the uptake values for this test are low, 
there are many types of hypothyroidism not 
associated with such low uptake values. Thus, 
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the results obtained may be misleading and 
this test should not be performed in the inves
tigation of suspected hypothyroidism. 

As previously mentioned, the TSH deter
mination is exceedingly important and is 
measured by radioimmunoassay. Indeed, 
newer extremely sensitive techniques using 
immunoradiometric assay (IRMA) and other 
technical innovations have made the TSH 
procedure extremely valuable. A rise in TSH 
will precede any other abnormality of thyroid 
function as the first evidence of primary hy
pothyroidism. Indeed, the state of "compen
sated" or subclinical hypothyroidism should 
be emphasized here.27 This is a state in which 
the serum thyroid hormone value is normal, 
yet the TSH is elevated. This finding is due 
to a disturbance in thyroid function, whereby 
normal thyroid hormone output is main
tained only by virtue of increased stimulation 
of the thyroid gland by increased TSH pro
duction. Patients so affected may have either 
no symptoms or extremely mild symptoms 
suggestive of hypothyroidism.71 This state of 
compensated hypothyroidism may give rise 
to overt hypothyroidism in some patients,25 '95 

while in many others there is no further 
progression of thyroid deficiency.25'5595 

In past years, assessment of the TSH re
sponse to thyrotropin-releasing hormone 
(TRH) was performed and showed an exag
gerated response in patients with primary hy
pothyroidism. This is of little current value, 
particularly because of the sensitive TSH pro
cedures available. However, in patients with 
secondary hypothyroidism, the TRH test may 
be useful to determine the nature of the pitui
tary or hypothalamic disease. In the case of 
pituitary insufficiency, the TSH values will be 
low and will not respond to TRH. In hypotha
lamic disease, the basal TSH may be normal 
and there is usually a sluggish response to 
TRH. 

Other Associated Biochemical and 
Hématologie Abnormalities 
Hyperlipidemia (Fredrickson's types II or IV) 
is common.56 Dilutional hyponatremia,53 in
creases in serum aspartate transaminase, lac-
tate dehydrogenase, creatine phosphokinase, 
and serum magnesium levels may be seen.2 

Hypoplastic anemia is observed in moderately 
severe and severe cases.43 The serum prolactin 
level is often modestly elevated.32,87 

Other Laboratory Procedures 
The electrocardiogram may show bradycardia 
and low voltage. The measurement of the 
ankle tendon reflex duration may be slowed. 
Both of these responses, however, are nonspe
cific.27 

The Possibility of Screening 
Procedures for Adult Hypothyroidism 
Since mild or subclinical (compensated) hy
pothyroidism is quite common in the elderly, 
particularly elderly females, it has been sug
gested that screening procedures should be 
carried out in institutions where the elderly 
live or even in the elderly in the general 
population.90 However, such screening proce
dures have not become popular.23 The reason 
is that the yield of overt hypothyroidism from 
such studies has been rather small and does 
not appear to justify the cost of doing tests on 
every institutionalized elderly person, let alone 
those in the general population. However, a 
high index of suspicion should be maintained 
when reviewing the status of an elderly person 
who shows evidence of mental or physical 
deterioration or both. 

INVESTIGATION INTO THE ETIOLOGY 
OF HYPOTHYROIDISM 
The various causes of hypothyroidism are 
listed in Table 15-1. It should be emphasized 
that the most common spontaneous cause of 
hypothyroidism in the Western world is au
toimmune thyroiditis. This condition is most 
commonly associated with a firm diffuse goiter, 
although the gland, conversely, may be atro
phied. Thyroid autoantibodies should be rou
tinely performed, but biopsy is usually not 
indicated unless there are grounds for consid
ering the possibility of thyroid malignancy (see 
Autoimmune Thyroiditis, Chapter 11). 

The other causes of hypothyroidism are gen
erally self evident. Dietary iodine deficiency 
will generally be an endemic problem. The 
hypothyroidism following subacute thyroiditis 
or silent thyroiditis is usually self evident and 
often transient. The same is true for postpar-
tum thyroiditis, although such an affected pa
tient should be carefully monitored and may 
ultimately remain permanently hypothyroid. 
Riedel's struma is very rare but may occasion
ally lead to thyroid failure. Other goitrous 
causes of hypothyroidism as listed in Table 15-
1 can be appropriately investigated. 
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MANAGEMENT OF HYPOTHYROIDISM 

The treatment of hypothyroidism has its begin
nings in the 19th century. After the Gull com
mission first accurately described the nature of 
hypothyroidism,37 it was not long before Mur
ray in 189162 began to treat patients with myx-
edema with injections of sheep thyroid extract 
and reported success with this treatment. This 
treatment was later followed by desiccated 
thyroid treatment, a preparation that has been 
used extensively throughout the world until 
the present generation.80 It now seems evident, 
however, that synthetic sodium levothyroxine 
is superior to other preparations for long-term 
replacement therapy.15' 80 The use of thyroid 
replacement therapy has been greatly facili
tated by the ability to precisely measure thy
roid function. (The sensitive radioimmunoas-
says for thyroxine (T4), triiodothyronine (T3), 
free thyroid hormones, thyroxine-binding 
globulin, and thyrotropin (TSH) have been 
discussed elsewhere in this text.) The response 
of TSH to thyrotropin-releasing hormone 
(TRH) has been advocated for "fine tuning" 
of thyroid hormone replacement42 although in 
my view this procedure is unnecessary.94 Drug 
toxicity from the thyroid hormones relates only 
to overdosage and otherwise is virtually un
known. 

Therapeutic Use of Thyroid Hormone 
Preparations (Table 15-3) 
Sodium Levothyroxine (Thyroxine, TJ 
Sodium levothyroxine is now considered the 
drug of choice by most endocrinologists for 
the long-term management of hypothyroid
ism.15' 42' 80 While it is clear that T3 (not T4) is 
the active thyroid principle within peripheral 
cells,8' 12' 13'64' 65'78 T3 is freely available to the 
tissues in patients who receive thyroxine, since 
T3 production is predominantly via peripheral 
conversion of T4 to T3.6 48 72' 79 82' 84 Indeed, 
it has been suggested that T4 is primarily a 
prohormone.13 It has been calculated that 
when normal persons are on no medication, 
approximately 70 to 75% of T3 comes from 
the peripheral monodeiodination of T4 to T3, 
whereas the remaining 25 to 30% comes directly 
from the thyroid.6' 12' 13'48' M '65 '72 '78 '79 '82 ' ^ 

When patients are taking thyroxine, either 
for hypothyroidism or for goiter suppression, 
virtually no T3 comes directly from the thyroid, 
and the entire source of T3 under these circum

stances is from the exogenous thyroxine.29 98 

Daily administration of thyroxine results in 
constant concentrations of T4 and T3 in the 
peripheral blood throughout the day.83 In gen
eral, when complete physiologic replacement 
doses of thyroxine are provided to hypothyroid 
patients, the T4 value tends to be high normal 
or above normal, but the important point is 
that the total serum triiodothyronine determi
nation will be well within normal.29' 98 The 
reason for the constancy in blood levels relates 
to the polonged half-time of T4 (1 week), 
associated with a relatively constant rate of 
conversation of T4 to T3.48,72 79,84 Because of 
this prolonged half-time of T4, initiation of 
thryoxine therapy will not result in rapid clear
ing of hypothyroid manifestations.15'80 In com
parison, it allows for some variation in com
pliance without obvious ill effects. The 
absorption of levothyroxine in the gastrointes
tinal tract is about 50 to 60% and is somewhat 
variable from patient to patient.39 Diseases of 
the gastrointestinal tract,88 including malab
sorption syndrome, removal of large portions 
of the small bowel, cholestyramine administra
tion,63 and ingestion of soybean formula68 may 
interfere with the absorption of thyroxine. 
Preparations of thyroxine contain no signifi
cant quantity of either active or inactive ana
logues of thyroid hormone and are not contam
inated with nonhormonal iodide.80 Thyroxine 
is of synthetic origin and therefore no thyroid 
gland proteins or other proteins are present in 
this formulation. 

Initiation of Treatment. The conventional goal 
of treatment of hypothyroidism is obviously 
the reestablishment of a eumetabolic state. 
However, a number of factors must be consid
ered in the selection of a starting dose of 
thyroxine, as well as of a time before which 
the dose should not be increased. These factors 
include the age of the patient, the presence of 
associated disorders, and the severity and du
ration of the hypothyroidism itself.15 In the 
neonate, as previously mentioned, it is impor
tant to initiate thyroid hormone replacement 
as soon as hypothyroidism is suspected, since 
mental retardation may be prevented or mark
edly ameliorated by rapid restoration of the 
euthyroid state.21 '47 '52 ' 53' 74~77 With the advent 
of neonatal screening programs, it has now 
become possible to shorten the time between 
diagnosis and commencement of such ther
apy.20 In children, the dosage of thyroxine may 
be calculated by weight,30 as noted in Table 
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Table 15-3. Available Preparations, Usual Maintenance Dosage, and Thyroid Hormone Levels 
During Maintenance Therapy* 

Preparation 

Levothyroxine 
sodium 

Liothyronine 
(levotriiodo-
thyronine) 
sodium 

Thyroid USP 
(desiccated 
thyroid) 

Thyroglobulin 

Liotrix 

Composition 

T4 

T3 

25 to 35 μgm T4 
and 8 to 14 
μgm T3§ per 60 
m g (1 grain) 

20 to 3 5 μgm T4 
and 11 to 21 
μgm T3 per 60 
m g (1 grain) 

Euthyroid: 60 μgm 
T4 and 15 μgm 
T3 

Thyrolar: 50 μgm 
T4 and 12.5 
μgmT3 

Tablet Strengths 

0.025, 0.05, 0 .1 , 
0.15, 0.3, and 
0.5 m g t 

5, 25, and 50 
μgmφ 

15, 30, 60, 90, 
120, 180, 240, 
and 300 m g 

15, 30, 60, 90, 
180, and 300 
m g 

V2, 1, 2, and 3 
"grain 
equivalents" 

Maintenance Dosage 

0.1 to 0.2 m g daily 
or 1 to 2 m g 
weekly 

25 μgm two or three 
times daily 

90 to 180 m g daily 

90 to 180 m g daily 

1.5 to 3.0 "grain 
equivalents" 

Serum Hormone Levels 

r4 
riormai or 

somewhat 
elevated 

Low 

Low or low 
normal 

Low normal 

Low normal 

T3 

normal 

Elevated 

Usually 
elevated 

Usually 
elevated 

Often 
elevated 

*Modified from Cobb, W. E. and Jackson, I. W. D.: Drug therapy reviews: management of hypothyroidism. Am. 
J. Hosp. Pharm. 35:51-58, 1978, with permission. 
fParenteral preparation: lyophilized powder, 0.5 mg, with mannitol, 10 mg, and normal saline 5 ml, as diluent. 
ÏParenteral preparation: powder (for solution) 114 μgm/ml; not commercially available, but Smith Kline will 
supply kit upon request for use in myxedema. 
§Range of T4:T3 ratio is 2 to 3:1 for pig glands and 3 to 4.5:1 for beef or sheep glands. 

15-4. Other children and young adults may be 
initiated on the appropriate maintenance dos
age rather than on a very low initial dosage, 
particularly if the hypothyroidism is mild and 
of short duration.15, 80 

For adults, this maintenance dosage is in the 
order of 0.1 to 0.15 mg/day.15'80 If compliance 
is a problem, a weekly single dose of 2.0 mg 
may be perscribed.5 

In older patients, particularly those with 
other overt associated diseases, such as cardio
vascular disease, the dosage amount initially 
should be determined cautiously, with daily 
doses on the order of 0.025 mg.50 In such 

Table 15-4. Recommended Replacement Dosage of 
Sodium Levothyroxine in Childhood* 

Age (years) 
Dose (μςητ/ 

kg/day) 
0-1 
1-5 
6-10 

11-20 

9 
6 
4 
3 

*From Bernstein, R. S. and Robbins, J.: Intermittent 
therapy with L-thyroxine. N. Engl. J. Med. 281:1444-
1448, 1969, with permission. 

patients, there is no necessity to increase the 
dose rapidly, as subsequently noted. The same 
considerations should obtain with elderly pa
tients, even if there is no obvious cardiovas
cular disease, as it has to be assumed that such 
disease could exist in an occult form. In any 
event, even with full maintenance dosage 
schedules, it takes several weeks for clinical 
and biochemical normality to be reached. 

Adjustment of the Dosage. The half-time for 
thyroxine is approximately 1 week, as men
tioned previously. Thus, steady-state equilib
rium for thyroxine will be virtually complete 
after approximately 1 month. For that reason 
in older patients or in those with other asso
ciated disorders, one should allow about 1 
month between dosage adjustments. In older 
patients, increments of dosage increases should 
be quite small on each occasion, since there is 
no necessity for rendering these patients eu
thyroid quickly. 

In patients with associated coronary artery 
disease, as mentioned, the initial dosage 
should be on the order of 0.025 mg daily, with 
a monthly incremental increase of the same 
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amount.85' 86 If symptoms of the associated 
cardiovascular disease, e.g., angina pectoris, 
become more evident as the dosage is slowly 
increased, one may have to be content with a 
maintenance dosage far below what otherwise 
would be considered optimal. In contrast, if 
antiangina or other cardiac medications are 
being employed successfully, the dosage of 
thyroxine can be cautiously increased.48,86 

Maintenance Dosage. Optimally, the objective 
would be to reproduce exactly the euthyroid 
status of that particular person. Since there is 
extremely sensitive regulation of the hypotha-
lamic-pituitary-thyroid axis, it seems evident 
that for every individual there is an ideal 
thyroid hormone concentration.4' 61 However, 
this ideal concentration is very difficult to 
achieve with precision by exogenous thyroid 
therapy, and it does not seem essential to 
achieve this ideal concentration exactly.62, 76 

While it would be useful to have some 
clinically valuable index of the effect of thyroid 
hormone on peripheral tissues, such an index 
does not exist. Thus, the general rule is to use 
the clinical status of the patient on the one 
hand,44 and the thyroid hormone and TSH 
levels on the other, to determine the adequacy 
of thyroxine replacement.29, 98 

One means of establishing an optimal main
tenance dosage of thyroxine is to ensure that 
the TSH levels have been brought down to 
within the normal range.9, 15, 29, 38, 42, 84, 98 By 
such means it is certainly possible to determine 
when sufficient thyroxine therapy has been 
prescribed. The average dosage that causes the 
TSH to fall within normal limits varies between 
0.1 and 0.2 mg per day. One could use the 
TSH response to TRH to achieve "fine tun
ing," but this is time-consuming and unneces
sary for the purpose of achieving a clinically 
euthyroid state.94 

The serum thyroxine or, for that matter, the 
free thyroxine cannot be employed to deter
mine the precision of the replacement dosage. 
When patients are receiving physiologically 
optimal replacement dosages, the serum thy
roxine and free thyroxine levels are either high 
normal or above normal in many, if not most, 
instances.29 98 However, what is more useful is 
an estimation of the serum total triiodothyro-
nine radioimmune assay (T3 RIA) for reasons 
already explained.29, 98 If this value and the 
TSH determination are both within normal 
limits, the dosage can be stated to be optimal. 
Of course, it is necessary to calculate the 

effects of thyroxine-binding proteins on these 
values for proper interpretation of results. 

I clearly prefer to use synthetic levothyrox-
ine for maintenance therapy for virtually all 
hypothyroid patients. With the exception of 
those patients who have some other associated 
disorder, it is truly remarkable how severely 
myxedematous patients will respond so readily 
to a regimen as described. With the return of 
well-being, it is particularly rewarding to often 
note the return of a euthyroid state and normal 
mentation in elderly patients who may have 
previously been considered senile. It is almost 
invariably necessary to maintain hypothyroid 
patients on thyroid hormone replacement for 
life. This regimen should then be considered 
the dogmatic rule, accompanied by suitable 
exhortations to the patient and appropriate 
follow-up for the purpose of ensuring compli
ance. 

In patients who have severe cardiovascular 
disease, it is often impossible to reach such 
optimal levels. Daily dosages as low as 0.05 to 
0.075 mg per day may be as maximal as such 
patients can reach without causing aggravation 
of the vascular disease.46,50 

Other Preparations 
Dessicated Thyroid· Desiccated thyroid is 
manufactured simply by drying the thyroid 
glands of various animals, such as cattle, pigs, 
or sheep.15 The power so obtained contains a 
mixture of thyroid hormones, tyrosines, and 
iodinated proteins, and the standardization of 
the tablets has continued to be based on total 
iodine content rather than on the amount of 
hormone in the preparation. Thus, variable 
potency has been a problem, although some 
pharmaceutical companies have made consid
erable efforts to establish uniformity of po
tency in their products.58 While in most in
stances 60 mg of desiccated thyroid is roughly 
equivalent to 0.1 mg of sodium thyroxine, this 
may vary considerably from lot to lot and from 
preparation to preparation.57, 58 This variation 
depends considerably on the different T4/T3 
ratios found in the thyroid glands of different 
animals.81 

Because there is a considerable amount of 
T3 in desiccated thyroid, the levels of T3 will 
be higher in the blood shortly after taking the 
medication, falling to lower levels later in the 
day.83 The serum T4 concentration will gener
ally remain at low normal or even below nor
mal when patients take desiccated thyroid.15 
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Thus, serum concentrations of the thyroid hor
mones cannot be used to accurately assess 
efficacy of treatment with this medication. 

For all of the aforementioned reasons, most 
endocrinologists no longer employ desiccated 
thyroid as treatment for hypothyroidism and, 
instead, generally use synthetic L-thyrox-
i n e 9 , 1 5 , 4 6 

1-Triiodothyronine. Triiodothyronine is very 
rapidly absorbed when ingested and is three 
to four times as potent as thyroxine in restoring 
a hypothyroid patient to a euthyroid state.1580 

Since it has a half-life of approximately 1 
day,8, 12 euthyroidism could be achieved within 
days rather than weeks, as would be required 
with L-thyroxine. Because of its almost com
plete absorption40 and rapid biologic activity, 
however, in patients with coronary artery dis
ease it might prove to be dangerous61; in any 
event, bringing a patient rapidly to a euthyroid 
state is often not of any great value. Moreover, 
when a patient takes triiodothyronine, the 
serum levels of this hormone vary widely dur
ing the day, although this does not seem to 
cause any particular side effects.83 Generally 
speaking, however, it seems L-thyroxine is 
more physiologic, which consequently deiodi-
nates constantly providing stable levels of both 
T4 and T3 within the circulation. Incidentally, 
when a patient is taking triiodothyroinine, it is 
necessary to provide the tablets in divided 
dosages during the day, so as to minimize the 
wide fluctuations in serum T3 that are observed 
with this medication.15 Moreover, the serum 
thyroxine is depressed to very low levels on 
such a regimen and, thus, cannot be used as 
any index of treatment. 

Thyroglobulin. Thyroglobulin (Proloid) is an 
extract of animal thyroid, which is brought to 
a greater level of purification than desiccated 
thyroid. It is standardized by bioassay and is 
thus more constant as a preparation than is 
desiccated thyroid. It is also more expensive 
and really has no advantages other than its 
relative uniformity when compared with desic
cated thyroid.15'80 

Liotrix. Liotrix consists of a combination of 
synthetic T4 and T3 in a ratio of 4:1. This ratio 
was thought to mimic the proportions of T4 
and T3 found in human thyroid glands,81 but 
this ratio proved to be incorrect. The actual 
ratio in the human thyroid gland is approxi
mately 20:l.14 This product has most of the 

disadvantages of desiccated thyroid, primarily 
because of the rather high amount of T3 con
tained in the preparation and has no advan
tages over desiccated thyroid, other than its 
standardization. 

HYPOTHYROIDISM IN INFANCY AND 
CHILDHOOD 

Hypothyroidism in infancy and childhood is 
best treated by using sodium levothyroxine.30 

The drug is given orally in a single daily dose. 
The optimal maintenance dose is that which 
corrects the total serum triiodothyronine and 
TSH determinations as previously noted. Rec
ommended replacement of T4 for hypothyroid
ism in infancy and childhood is age- and 
weight-related for dosage, as noted in Table 
15-4. 

In the neonate, it is important to commence 
therapy as quickly as possible, particularly in 
a patient with severe hypothyroidism so as to 
minimize or obviate mental retardation. How
ever, excessive dosage in infancy can result in 
accelerated bone maturation and premature 
craniosynostosis.67 

While it has been suggested that patients 
with congenital hypothyroidism appear to have 
alterations in the pituitary threshold for TSH 
secretion, such that with normal levels of 
serum thyroxine the serum TSH concentra
tions and the serum TSH responses to TRH 
are increased, this may not represent a true 
disturbance in the pituitary threshold. The 
same may be noted in adults and relates to the 
fact that T3, not T4, is the active thyroid 
principle. Since normally 70 to 75% of T3 
comes from peripheral conversion of T4 to T3, 
while the remaining 25 to 30% comes directly 
from the thyroid, the thyroid's contribution to 
T3 is no longer provided in instances of hypo
thyroidism. Thus, when one is relying solely 
on exogenous T4 for the replacement of T3, it 
is necessary to provide sufficient exogenous 
thyroxine to ensure that there is an adequate 
supply of T3. Consequently, when there is an 
optimal replacement dosage of exogenous thy
roxine, the serum T4 level will tend to be high 
normal or above normal; this level ensures 
that the serum T3 will be in the middle of the 
normal range and that the TSH will then 
likewise be normal, as has been discussed 
previously. 

With hypothyroidism acquired in older chil
dren, there is no concern about developmental 
risks or mental retardation. However, the 
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same considerations regarding optimal dosage 
of thyroxine apply (see Maintenance Dosage.) 

HYPOTHYROIDISM FOLLOWING 
TREATMENT OF HYPERTHYROIDISM 

Radioactive iodine or surgical treatment of 
hyperthyroidism accounts for a large number 
of cases of hypothyroidism in adult life. Quite 
often after such therapy, patients may appear 
clinically euthyroid and have only "compen
sated" hypothyroidism.25 This state is charac
terized by normal levels of serum thyroxine 
and total serum triiodothyronine but by high 
levels of TSH.50 In patients with compensated 
hypothyroidism, occurring after ablative treat
ment for hyperthyroidism, it should be as
sumed that overt hypothyroidism will ulti
mately follow.49 Moreover, even transient 
hypothyroidism with subsequent recovery fol
lowing such treatment will usually herald the 
ultimate development of permanent hypothy
roidism (see Graves' Disease, Chapter 13). 
For these reasons, I am generally quick to 
prescribe lifelong thyroxine therapy for such 
individuals so as to obviate the need for close 
medical supervision thereafter. While gener
ally the same conditions regarding optimal 
dosage prevail as previously discussed, replace
ment dosage of thyroid hormone for postabla-
tive hypothyroidism can sometimes be lower 
than anticipated because of continued nonsup-
pressible function in the thyroid remnant.98 

One, therefore, should not use a standard 
dosage in such patient but should ensure that 
the tests results of thyroid function, particu
larly the T3 RIA and TSH determinations, are 
well within normal limits. It should thus be 
emphasized that when "standard" doses on 
the order of 0.1 to 0.2 mg of thyroxine are 
given to patients with nonsuppressible thyroid 
function, the total serum T3 value may be 
elevated. Thus, a high serum T3 value may be 
used as an index of nonsuppressibility in pa
tients taking such "standard" dosages of thy
roxine. 

AUTOIMMUNE THYROIDITIS AND 
OTHER SPONTANEOUS FORMS OF 
HYPOTHYROIDISM 

The treatment of hypothyroidism due to au
toimmune thyroiditis or other spontaneous 
forms of hypothyroidism does not differ in 
principle from that already discussed. Gener

ally speaking, in adults, dosages of 0.1 to 0.2 
mg per day will suffice in most patients with 
these disorders. The achievement of optimal 
maintenance dosage should be individualized 
as previously described. Compensated hypo
thyroidism in this special group deserves spe
cial mention. Treatment actually may not be 
essential when patients are still in this phase. 
If one could predict which patients were going 
to develop overt hypothyroidism then it would 
be useful to start them selectively on thyroxine 
therapy. Since, however, overt hypothyroidism 
is a surreptitious disease, accompanied by pa
tient disinterest and apathy, I prefer to start 
all such patients with compensated hypothy
roidism on thyroxine at the time of initial 
recognition. Since the therapy itself is innocu
ous, whereas the consequences of overt hypo
thyroidism can be severe, this approach seems 
reasonable. Moreover, Ridgway and asso
ciates71 have reported that in compensated 
hypothyroidism therapy does effect some sub
tle improvements in well-being, although this 
view has been disputed.4 

PITUITARY AND HYPOTHALAMIC 
HYPOTHYROIDISM 

Hypothyroidism secondary to pituitary or hy-
pothalamic disease usually occurs in the con
text of panhypopituitarism or at least multiple 
anterior pituitary polypeptide hormone defi
ciencies and, rarely, occurs as a single unitropic 
hormone deficiency. When hypothyroidism oc
curs with a low TSH concentration and with a 
poor or flat response of TSH to TRH, it may 
be assumed that the abnormality lies in the 
hypothalamic or pituitary region. It is impor
tant to distinguish this form of hypothyroidism 
from primary hypothyroidism because of treat
ment considerations. 

If one commences therapy with thyroxine 
alone in a patient with pituitary hypothyroid
ism, an occult pituitary adrenocorticotropic 
hormone (ACTH) deficiency state might be 
unmasked by such therapy and result in adre
nal crisis. It is important that this possibility 
be precisely assessed, and corticosteroid initi
ated prior to the commencement of thyroid 
hormone supplementation.94 Clearly, TSH de
terminations cannot be employed here to de
termine adequacy of thyroxine replacement, 
so that in this context, the serum total triio
dothyronine determination is of greatest im
portance. 
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MYXEDEMA COMA 
Myxedema coma, a rare problem, is a reflec
tion of the most extreme expression of the 
most severe degree of hypothyroidism and 
frequently represents an end stage of that 
disorder. It is a medical emergency; even with 
vigorous therapy, the mortality rate may still 
be as high as 50%.10' 73> 96 Two of Ord's 12 
fatal cases of myxedema reported in 1888 ap
parently died in coma.66 

Clinical Aspects 
While the condition is based on severe hypo
thyroidism there are many other elements that 
are of importance as precipitating factors.96 

Often, the patients are elderly and precipitat
ing events include respiratory infections, 
congestive heart failure, and cerebrovascular 
accidents. Indeed, pulmonary infections may 
also be secondary to the coma, since patients 
hypo ventilate as a result of this disorder. 
Often, myxedema coma occurs during the win
ter suggesting that external cold may be an 
important precipitating factor. Drugs, such as 
sedatives, tranquilizers, narcotics, or antide-
pressants, which may depress the respiratory 
center, may also be important precipitating 
factors.16' 73' 96 

Clearly, coma or marked stupor are impor
tant features of myxedema coma and hypo
thermia is equally important. The disorder 
usually comes to the physician's attention in 
an Emergency Department in a hospital where 
a previously undiagnosed patient is found to 
have severe hypothyroidism and coma simul
taneously. Often, as mentioned, the illness has 
been complicated by infection or other sys
temic disease. On occasion a history of thyroid 
disease, including hyperthyroidism may be 
elicited, and it is not rare to learn that a patient 
has had medical or surgical thyroid ablative 
therapy in the distant past. In some instances, 
the patient has taken thyroid hormone replace
ment in the past only to discontinue it for one 
reason or another. Myxedema coma is almost 
always related to primary hypothyroidism, al
though a few patients with this condition will 
be found to have pituitary or hypothalamic 
disease as the basis for hypothyroidism. 

There are other important clinical features 
relating to this disease. These include depres
sion of respiration due to a reduced ventilatory 
response to hypoxia and hyperapnea. The re
sulting reduction in ventilation leads to C 0 2 
narcosis and further deepens the coma.96 

The cardiac status is typical of severe hypo
thyroidism with enlargement of the cardiac 
silhouette, slowed cardiac rate, and generally 
the presence of pericardial effusion. The elec
trocardiogram will often show low voltage, 
prolonged QT intervals, and flattened or in
verted T waves. An echocardiogram will show 
decreased action of the heart and pericardial 
effusion. 

Decreased intestinal motility and even par
alytic ileus may be seen. Increased body water 
with decreased serum sodium and plasma os-
molarity with increased urine sodium and os-
molarity are typical of this condition and are 
apparently secondary to impaired diuresis due 
to reduced delivery of water to the distal 
nephron. The hyponatremia may be responsi
ble for seizures occasionally, and cerebellar 
signs may be secondary to the severe hypothy
roidism.10' 73' 96 

Hypoglycemia is also common, secondary to 
severe hypothyroidism. This hypoglycemia is 
rarely severe in itself but may contribute as 
still another factor to the stupor or coma. 

Treatment of Myxedema Coma 
The objectives of treatment are to replace the 
extrathyroidal hormone pool and to control 
the life-threatening complications of the con
dition. Treatment should be initiated immedi
ately when the diagnosis is established on 
clinical grounds, because undue delay can oc
cur if the physician waits for laboratory confir
mation. It is clear that parenteral replacement 
is required initially.10,73, % The general consen
sus is that a large dose of thyroxine (about 500 
μgm) should be administered intravenously. 
Some workers have suggested that small doses 
of triiodothyronine (12.5 μgm via nasogastric 
tube every 6 to 12 hours) should be provided 
on the grounds that an earlier onset of action 
would be to the patient's advantage.10 An 
intravenous triiodothyronine preparation is not 
readily available commercially, although triio
dothyronine could be given by that route in 
doses of 10 to 50 μgm every 6 to 12 hours.73 

It also has been suggested that T4 and T3 should 
be administered simultaneously because there 
might be an impairment of peripheral conver
sion of T4 to T3. 

The case for the very large doses of thyrox
ine generally recommended has never been 
well established. It is clear, however, that 
unless the physician acts promptly, the mor
tality rate is exceedingly high. The parenteral 
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thyroxine or triiodothyronine should be dis
continued as soon as the patient has recovered 
sufficiently to take therapy orally. Oral thyrox
ine should then be increased gradually as pre
viously discussed. Adequate ventilation and 
oxygénation should be maintained throughout 
to treat the hypercapnia and hypoxia com
monly seen in this disorder. Hypothermia gen
erally does not require any particular therapy. 
Pressor amines should not be used because 
there is a significant risk of precipitating car
diac arrhythmias. Corticosteroid administra
tion is generally recommended on the assump
tion that the patient is cortisol deficient. 
Infection, when present, should be treated 
rigorously and appropriately. Glucose infu
sions are generally useful, because many pa
tients are hypoglycémie. However, fluid intake 
should be restricted because the patient often 
has what appears to be inappropriate produc
tion of excessive antidiuretic hormone, but 
probably the hyponatremia is due instead to 
reduced delivery of water to the distal nephron 
of the kidneys.96 Although the serum sodium 
is low under these circumstances, this condi
tion does not reflect a fall in total body sodium. 
Thus, hypertonic saline is not indicated. 
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16 
Thyroid Diseases 
in Pregnancy 

GERARD M. BURROW 

THYROID FUNCTION DURING 
PREGNANCY 

Hormonal changes and metabolic demands 
during pregnancy result in complex changes in 
thyroid function. Furthermore, pregnancy out
come may be profoundly altered by abnormal 
thyroid function. Changes that occur in the 
various parameters of thyroid function are 
mainly due to increased thyroxine-binding 
globulin (TBG), which is induced by increased 
estrogen production during pregnancy. Al
though the normal pregnant woman is consid
ered to be euthyroid, there is also an increase 
in the basal metabolic rate, radioactive iodine 
thyroid uptake, and thyroid gland size. 

Thyroid disease is much more common in 
women than in men and is not rare during 
pregnancy. Clinically, the diagnosis of thyroid 
dysfunction in the pregnant woman can be 
difficult, and thyroid function tests may offer 
little help. Once a diagnostic decision has been 
reached, therapy is complicated by the pres
ence of the fetus. Pharmacologie therapy that 
is beneficial to the mother may be harmful to 
the fetus. An understanding of the normal 
physiologic processes of the thyroid gland dur
ing pregnancy will be very helpful in under
standing pathologic processes during gestation. 

GOITER 

The histologie picture of the thyroid gland 
during pregnancy is that of the active forma
tion and secretion of thyroid hormone. Char
acteristically, the gland has large follicles with 
abundant, well-stained colloid, and frequent 
vacuolization. Papillary infolding indicative of 
follicular hyperplasia may be seen, and this 
impression is reinforced by the finding of co
lumnar follicular cells.213 

The prevalence of goiter during pregnancy 
varies with the geographic area studied. In a 
study done in Scotland, 70% of pregnant 
women were diagnosed as having goiter in 
contrast with 38% of nonpregnant women.40 

Goiter was considered to be present if the 
glands were both palpable and visible. Pre
vious pregnancies did not appear to affect this 
incidence, since goiters were found in 39% of 
nulliparous women and 35% of nonpregnant 
parous women. The investigators repeated the 
study in Iceland under the same experimental 
conditions but noted no increase in goiter 
during pregnancy.41 Goiter was found in 19% 
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of nonpregnant and 23% of pregnant Icelandic 
women. A multiple observer design, blind 
study done in the United States on 49 pairs of 
pregnant and nonpregnant women also failed 
to show any increase in goiter during preg
nancy.131 

Increased Iodine Excretion During Pregnancy. 
The differences between these studies have 
been attributed to differences in the dietary 
iodine content, which is low in Scotland but 
high in Iceland and the United States. An 
early and sustained rise in the renal clearance 
of iodine has been considered to be the major 
factor in the decreased plasma inorganic iodine 
concentration in pregnancy.1 The increased 
glomerular filtration rate during pregnancy re
sults in an increased renal loss of iodine, be
ginning early in pregnancy. The thyroid gland 
compensates by enlarging and increasing the 
plasma clearance of iodine to produce suffi
cient thyroid hormone to maintain the euthy-
roid state. 

Whether goiter ensues depends on the abil
ity of the thyroid gland to compensate, which 
in turn depends on the concentration of the 
plasma inorganic iodide. Iodine deficiency goi
ter is unlikely to occur at a plasma iodine 
concentration above 0.08 μgm/100 ml.2 In most 
Europeans, the plasma inorganic iodine con
centration ranges from 0.10 to 0.15 μgm/100 
ml and during pregnancy may fall below 0.08 
μgm/100 ml.125 In residents of North America 
and Iceland, the plasma inorganic iodine is 
about 0.30 μgm/100 ml. Even if this value is 
halved during pregnancy, it remains above 0.08 
μgm/100 ml. An iodine balance study done in 
the United States revealed no difference be
tween pregnant and nonpregnant women.54 

The pregnant women in North America also 
have increased renal clearance of iodine, but 
ample dietary intake prevents excess iodine 
loss. Iodized salt should be sufficient to supply 
an adequate intake of 250 μgm of iodine 
needed during pregnancy, and the iodine in 
most prenatal vitamin supplements ensures an 
adequate intake. In areas of marginal iodine 
intake, e.g., those of 50 μgm per day, supple
mentary iodine (160 μgm per day) given to 
pregnant women reduced neonatal goiter from 
33 to 7%.233 An excessive iodine intake be
cause of unusual dietary practices, e.g., greater 
than 2000 μgm daily, may cause difficulties for 
both mother and child and is subsequently 
discussed. 
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RADIOIODINE THYROID UPTAKE 

The decreased plasma inorganic iodine concen
tration during pregnancy results in a smaller 
iodine pool and an increased thyroid clearance 
of iodine. Since the thyroid radioiodine uptake 
depends on the size of the iodine pool in 
addition to thyroid-stimulating activity, the 
thyroid radioiodine uptake is elevated in preg
nancy. 

Specific problems occur with the use of ra-
dioisotopes in the pregnant woman, because 
possible radiation effects on the fetus must be 
considered. Whether radiation effects depend 
on a threshold dose is not clear, and all radia
tion to the fetus should be regarded as harm
ful.210 

However, when pregnant women have been 
studied, the radioactive iodine thyroid uptake 
has been increased. Three of five women had 
elevated radioactive iodine thyroid uptake at 
12 weeks of pregnancy.93 Urinary excretion of 
administered radioactive iodine is an indirect 
measure of thyroid uptake. In 22 women in 
the third trimester, the mean urinary excretion 
of radioiodine was in the range between nor
mal and thyrotoxic values.169 However, with 
this method, maternal thyroid uptake cannot 
be distinguished from fetal uptake. In one 
study, the short-lived isotope 132I was admin
istered to 25 pregnant women and the 2-hour 
thyroid uptake measured at 12, 24, and 36 
weeks of gestation as well as 1 and 6 weeks 
post partum.93 The thyroid uptakes during 
pregnancy and at least 1 week post partum 
were significantly elevated compared with both 
nonpregnant values and those at 6 weeks post 
partum. 

Two pregnant patients also had a triiodothy-
ronine suppression test with this isotope, and 
thyroid uptake was suppressed to the same 
extent as in four nonpregnant women. The 
same worker also compared the effect of a 
single injection of TSH in three pregnant and 
three nonpregnant women with a similar re
sponse found in both groups. The uptake dou
bled 22 hours after the administration of TSH 
and returned to normal on the third day. 

BASAL METABOLIC RATE 

Thyroid function was originally monitored by 
the basal metabolic rate (BMR), and studies 
indicated that the BMR was elevated in preg
nant women.161 The BMR began to increase 
during the fourth month of pregnancy and 
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continued to rise slowly until the eighth month. 
There was a 15 to 20% increase, the largest 
occurring in patients who had the lowest BMR 
when they were not pregnant. Under scrupu
lously basal conditions, it was demonstrated 
that the uterus and its contents could account 
for 70 to 80% of the rise in oxygen consump
tion values above nonpregnant values. In
creased maternal work accounted for the rest.27 

Although clinical tests continue to be intro
duced for the appraisal of thyroid function, a 
true BMR is still a good indicator of overall 
thyroid function. However, even in experi
enced hands the BMR correlates with the final 
clinical appraisal in only about half of the 
patients. The major reason is the difficulty in 
separating basal from total metabolism, which 
includes increases in oxygen consumption from 
digestive and muscular activity. Only the true 
basal metabolism is a measure of thyroid activ
ity. Most errors in the interpretation of the 
BMR are due to a failure to recognize this 
distinction. 

THYROXINE-BINDING GLOBULIN 

The other major change in thyroid function 
during pregnancy is a rise in TBG concentra
tions to about twice normal values. The in
creased estrogens in pregnancy induce TBG 
and cause a fall in thyroxine-binding prealbu-
min capacity.80180 About 85% of thyroid 
hormone is transported in serum-bound TBG, 
and 15% by thyroxine-binding prealbumin 
(TBPA). The maximum binding capacity of 
these proteins can be determined by the addi
tion of saturating concentrations of thyroxine. 
TBG has a normal binding capacity that ranges 
from 19 to 30 μgm/100 ml of thyroxine and 
increases to 40 to 60 μgm/100 ml of thyroxine 
during pregnancy. TBG concentration can also 
be measured directly by radioimmunoassay 
and has a normal range of 12 to 30 mg/L which 
increases to 30 to 50 mg/L during pregnancy.21 

The maximum binding capacity for TBPA has 
been determined to be 219 and 393 μgm thy-
roxine/100 ml.172 Although TBPA has a greater 
binding capacity for thyroxine, TBG has a 
greater affinity and actually binds more thy
roxine in vivo. Thyroxine binds more tightly 
to TBG than does triiodothyronine. This dif
ference in affinity of TBG for thyroxine and 
triiodothyronine is the basis for the resin tri
iodothyronine uptake. The role of the in
creased TBG in pregnancy has also been stud
ied by examining pregnant patients with partial 

or total TBG deficiency.167' 180 Although there 
was no increase or only a minimal increase in 
TBG during pregnancy, no significant changes 
in thyroid function occurred. Serum thyroxine 
does not increase unless there is an increase in 
TBG. Conversely, there must be adequate 
amounts of thyroid hormone produced to 
maintain normal thyroid function in the pres
ence of increased binding. In one study, the 
administration of estrogen to euthyroid pa
tients resulted in an increase in the serum 
protein-bound iodine concentration; however, 
no increase was noted in hypothyroid patients 
who received inadequate thyroid hormone re
placement even though estrogens resulted in 
an increase in thyroxine-binding capacity.59 

Although hazardous, the temptation to spec
ulate on the reason for estrogen induction of 
TBG is overwhelming. A number of hepatic 
proteins are induced during pregnancy, includ
ing cortisol-binding globulin; ceruloplasmin; 
and the blood clotting factors I, VII, and IX. 
Perhaps the increased estrogens during preg
nancy switch on a genome that results in the 
rise in certain clotting factors and incidentally 
in a rise in TBG. The hypothesis has been 
suggested that maternal thyroxine plays a vital 
role in early fetal neurogenesis, and the greater 
TBG ensures an adequate supply of thyroxine 
throughout fetal life.56 

THYROXINE PRODUCTION DURING 
PREGNANCY 
After free thyroid hormones enter the cell, 
they exert their effect, perhaps by binding to 
nuclear receptors and initiating new protein 
synthesis. Thyroid hormone is subsequently 
degraded, and this degradation can be meas
ured with radioisotope-labelled thyroxine. In 
the steady state, thyroxine degradation is a 
measure of thyroid hormone production. 
Serum thyroxine has an approximate volume 
of distribution of 10 L. With a normal serum 
thyroxine of 8 μgm/100 ml, the entire thyroidal 
pool of thyroxine is approximately 800 μgm 
T4. Thyroxine disappears from the serum of a 
euthyroid nonpregnant adult with a half-life of 
6 to 8 days, which results in a fractional turn
over of about 10% per day. Therefore, about 
10% of the extrathyroidal pool of T4, or about 
80 μgm, turns over per day. In a steady state, 
80 μgm of T4 is produced daily. 

One study showed a decrease in the frac
tional rate of thyroxine turnover when TBG 
capacity was increased by estrogen administra-
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tion.48 These investigators suggested that thy
roxine binding by TBG exerted a rate-limiting 
effect upon the peripheral metabolism of thy
roid hormone. However, the absolute rate of 
thyroid hormone disposal was unchanged, be
cause the total serum thyroxine concentration 
increased. In another study, net thyroxine 
turnover and presumably thyroid hormone re
quirements were unchanged in normal human 
pregnancy.42 Net thyroxine turnover was 90 
μgm per day in the nonpregnant women and 
97 μgm per day in pregnant women. The two 
values were identical when expressed as the 
daily turnover per square meter of body sur
face. These findings are for one period in 
pregnancy, but because of necessary restric
tions on the use of radioisotopes in pregnant 
women, further data will not be available. 
Increased thyroxine turnover has been re
ported during pregnancy in monkeys.215 

Most of the studies of thyroid hormone 
turnover in pregnancy have concerned thyrox
ine, because until recently triiodothyronine 
was considered to be relatively unimportant in 
thyroid hormone economy. However, triiodo
thyronine is now known to be the major thy
roid hormone. The weaker binding affinity of 
TBG for triiodothyronine leads to a greater 
volume of distribution and a more rapid turn
over. Triiodothyronine has been estimated to 
have an extrathyroidal distribution space of 
approximately 40 L with a fractional turnover 
rate of 70% per day. The T3 extrathyroidal 
pool approximates 45 μgm. Therefore, T3 turn
over would approximate 33 μgm per day. Since 
T3 is three or four times as potent as T4 on a 
weight basis, the metabolic effects of triiodo
thyronine would at least equal those of thyrox
ine. 

LABORATORY TESTS OF THYROID 
FUNCTION 
The increase in TBG results in changes in the 
laboratory parameters of thyroid function. 
These changes are important to understand 
because diagnostic and therapeutic decisions 
are based on the interpretation of these labo
ratory tests. Before the radioimmunoassay for 
TBG was developed, determination of thyrox-
ine-binding capacity was technically difficult. 
Therefore, an indirect measure of thyroxine-
binding capacity was, and still is, obtained with 
the resin T3 uptake (RT3U) test.224 With the 
increase in TBG during pregnancy, there is a 
marked increase in the number of thyroxine-

binding sites. Even though more thyroid hor
mone is bound, the number of unsaturated 
binding sites still exceeds normal nonpregnant 
levels. As a consequence, the RT3U tends to 
be in the hypothyroid range during pregnancy. 
The exact values depend on the particular test 
used. The combination of an elevated serum 
thyroxine value and an RT3U in the hypothy
roid range is characteristic of pregnancy. How
ever, any condition that increases thyroid-
binding protein capacity may result in similar 
changes. 

Serum T4 and T3. Serum thyroxine and triio
dothyronine concentrations are now deter
mined directly by radioimmunoassay. These 
determinations measure the total thyroxine or 
triiodothyronine content in the serum and 
therefore are elevated during pregnancy be
cause of the increased thyroid hormone bind
ing. The serum T4 and T3 concentrations are 
significantly elevated early in pregnancy and 
remain elevated throughout gestation (Fig. 16-
l).95 ' 173 The values return to normal shortly 
after delivery.240 Although triiodothyronine 
may play a dominant role in thyroid hormone 
economy, changes in the serum thyroxine con
centration are for the most part mimicked by 
changes in serum triiodothyronine concentra
tion. Therefore, a serum thyroxine determi
nation usually will suffice as an indicator of 
thyroid function during pregnancy. Since the 
total thyroxine concentration is being deter
mined, this should be accompanied by some 
measure of thyroxine-binding capacity, such as 
RT3U. 

Free Thyroid Hormone. Although the bound 
thyroxine and triiodothyronine are increased, 
the free or unbound thyroid hormones have 
been found within the normal range. Although 
there is disagreement,110 two studies have re
ported elevated values for both free T4 and 
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Figure 16—1. Serum T4 and T3 concentrations during 
normal pregnancy. 
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free T3.95, 240 In the larger study the elevated 
levels were not above the normal range of the 
nonpregnant female controls, and this finding 
was borne out by a third study.173 One group 
of investigators have reported a significant 
increase in the free T4 concentration during 
the first trimester of pregnancy with a return 
to control levels by the third trimester.90 Dur
ing the first 5 weeks of pregnancy, the mean 
serum T4 concentration was 50% higher than 
in nonpregnant women. These findings would 
be consistent with a thyrotropic effect of ele
vated concentrations of human chorionic go
nadotropa (hCG) present during the first 
trimester. Urinary thyroid hormone levels cor
relate closely with circulating free thyroid hor
mone concentrations.31 The elevation in free 
thyroid hormone concentration could result 
from changes in peripheral metabolism or in
creased secretion of thyroid hormone. As men
tioned previously, there are no data clearly 
relating the slightly elevated free thyroid hor
mone concentrations with altered metabolic 
effects of thyroid hormones. 

The absolute concentration of free T4 and 
T3 is determined with tracer amounts of 125I-T4 
and equilibrium dialysis of the patient's serum. 
A percentage of dialyzable fraction is found 
and, when multiplied by the serum thyroxine 
determination, yields the free thyroxine con
centration. The free thyroxine concentration 
is the only direct method of estimating thyroid 
function that compensates for changes in the 
TBG capacity, but the procedure is technically 
difficult. Another method of determining the 
free thyroxine concentration, utilizing the ki
netics of binding to ligands such as glass beads, 
has been developed.236 The determination is 
relatively easy to perform and will probably 
supplant the more cumbersome and technically 
difficult equilibrium dialysis method. How
ever, in some of the procedures the values are 
not accurate in the presence of large amounts 
of thyroid-binding protein, similar to those 
present during pregnancy.236 

To compensate for the effect of increased 
thyroxine binding on the serum thyroxine, a 
derived value, the free thyroxine index has 
been obtained. Derived from the determina
tion of the serum thyroxine and the RT3U, the 
free thyroxine index gives an indirect approx
imation of the absolute free thyroid hormone 
concentration. However, similar to some of 
the nonequilibrium dialysis methods, the test 
may not provide a true index of free T4 con
centration.21' 206 This may be due to the failure 

of the RT3U to determine TBG capacity ac
curately. Whatever the cause, the free thyrox
ine index is not directly proportional to the 
free thyroxine concentration, and the two tests 
should not be used interchangeably in the 
pregnant woman. 

HYPOTHALAMIC-PITUITARY-THYROID 
AXIS 

Thyroid hormone secretion is dependent on 
thyroid-stimulating hormone (TSH), and TSH 
secretion in turn is dependent on the circulat
ing thyroid hormone concentration. Thyroid 
function is, therefore, an example of the classic 
negative feedback mechanism. The level of 
thyroid hormone—particularly pituitary triio-
dothyronine, which shuts off TSH—is deter
mined by thyrotropin-releasing hormone, a 
tripeptide, L-pyroglutamyl-L-histidyl-L-proli-
namide. This hypothalamic releasing hormone 
determines the set point at which circulating 
thyroid hormone suppresses TSH secretion of 
the pituitary. 

There are conflicting reports about the re
sponsiveness of the hypothalamic-pituitary-
thyroid axis during pregnancy. Two pregnant 
women given 80 μgm of T3 for 1 week had 
depression of the thyroidal uptake162 similar to 
that in nonpregnant controls.177 The increase 
in 131I uptake with TSH was also similar in 
pregnant and in nonpregnant women. Preg
nant women in the second and third trimester 
were suppressed with 75 to 125 μgm T3 daily 
for 7 days. Thyroid uptakes were suppressed 
to the same extent as in nonpregnant 
women.232 Serum protein-bound iodine values 
fell more than 1.0 μgm/100 ml at all time 
periods studied, but more triiodothyronine was 
needed to lower the serum protein-bound io
dide (PBI) concentration in the later months 
of pregnancy. Some patients did not respond 
regardless of the dose of triiodothyronine. One 
group found that only one of five pregnant 
women who received 150 to 200 μgm T3 daily 
had serum PBI determinations consistent with 
complete suppression.182 The 131I uptake ap
pears to be normally responsive to thyroid 
hormone suppression during pregnancy, but 
the serum PBI concentration is not. Part of 
this apparent lack of responsiveness may be 
due to the increase in TBG during pregnancy. 

We administered thyrotropin-releasing hor
mone (TRH) to patients in different stages of 
pregnancy who were to undergo therapeutic 
abortions.26 Women between 16 and 20 weeks 
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of pregnancy had increased TSH responses to 
TRH compared with women between 6 and 12 
weeks of pregnancy. This increase appeared to 
be due to estrogens, since nonpregnant women 
on oral contraceptive steroids also had a 
greater response to TRH. Other workers, how
ever, have not found an increased TSH re
sponse to TRH in pregnant women.115' 221' 241 

The failure to find an increase in the TSH 
response to TRH might be due to iodine 
deficiency,125 although the mechanism is not 
clear. TRH crosses the placenta and stimulates 
the fetal pituitary in animal studies.43' 122 TRH 
activity was found in the human placenta, and 
lower levels of thyrotropin-releasing hormone 
degrading activity were found in both cord and 
maternal sera,201 compared with sera from eu-
thyroid nonpregnant adults.165 These data all 
suggest that TRH may play a role in the 
modulation of thyroid function during preg
nancy. However, fetal pituitary TSH secretion 
appears to be controlled independently of both 
the maternal and the fetal hypothalamus. 

Thyroid-Stimulating Activity. TSH concentra
tions during pregnancy have been reported to 
be within normal limits or slightly higher dur
ing the early trimesters.140' 184 These conflicting 
results are attributable in part to lack of sen
sitivity of particular assays. Further work sug
gests that serum TSH concentrations are not 
increased during pregnancy and in fact are 
decreased during the early weeks of gesta
tion.95' 240 

Three thyroid stimulators have been re
ported in normal pregnancy as follows: (1) 
normal pituitary TSH (hTSH), (2) chorionic 
TSH (hCT), and (3) chorionic gonadotropin 
(hCG). In patients with hydatidiform mole and 
choriocarcinoma, markedly elevated levels of 
hCG may result in hypothyroidism.102' 115 

Material with thyrotropic activity has been 
extracted from some human placentas 
(hCT).100 Bioassayable thyrotropin in the sera 
of pregnant women, as well as hCT activity in 
the placenta, has been found.98 With improved 
assays, the levels of hCT have been found to 
be quite low. Only one third of the samples in 
one report contained more than 0.25 μυ/ml 
of activity.95 With improved techniques it has 
also been impossible to recover significant hCT 
activity from the placenta.94 The hCT does not 
appear to play a significant role in the modu
lation of thyroid function during pregnancy. 

In comparison, hCG has an activity in the 
TSH bioassay of 0.2 μ υ TSH/U of hCG.95 

Based on this activity, hCG concentrations in 
early pregnancy would be equivalent to 3 to 
10 μ υ TSH/ml. The concentrations of TSH 
activity are high enough to stimulate thyroid 
function mildly. The slight decrease in serum 
TSH concentrations might be explained by the 
increase in hCG.95'240 However, recent studies 
have suggested that pure hCG may not have 
intrinsic thyrotropic activity.7 

FETAL THYROID FUNCTION 

The fetal thyroid gland must reach a certain 
stage of development before thyroid hormone 
is produced. Any thyroid hormone necessary 
for fetal development before that stage is 
reached must be supplied by the maternal 
thyroid gland. 

Ontogenesis of Thyroid Function 
No organic iodine is present in the fetal thyroid 
gland before 10 weeks of gestation.202 By 11 to 
12 weeks of gestation, the fetal thyroid attains 
maturity with the ability to produce iodotyro-
sines and iodothyronines. When radioactive 
iodine was administered to women immedi
ately prior to termination of pregnancy, the 
fetus was found to concentrate iodine at about 
12 to 14 weeks.33'61·90 Serum TSH is detectable 
in fetal serum as early as 10 weeks86 but it 
remains relatively low until 20 weeks of ges
tation, when it increases over the next 10 
weeks up to 15 μυ/ml and then falls until it is 
about 7 μυ/ml.171 Fetal serum T4 concentra
tions progressively increase in response to the 
TSH rise after midgestation, increasing from 2 
to 3 μg/100 ml at 10 weeks to 5 to 10 fig/100 
ml at 30 weeks. A similar progressive incre
ment in serum-free thyroxine also occurs.68 

These data suggest that fetal pituitary control 
of thyroid function must exist as early as 12 
weeks of gestation and 1 month of postnatal 
life. The ability of anencephalic fetuses to 
synthesize iodotyrosines has been taken as 
evidence that TSH is not necessary. However, 
careful studies suggest that in these fetuses 
pituitary tissue is usually present but the hy
pothalamus is absent; in fact, it was demon
strated that anencephalic fetuses had a hyper-
response of TSH to TRH.98 

Requirements for Fetal Thyroid Hormone. 
Whether the fetus requires its own thyroid 
hormone or whether the hormone can be sup
plied by the mother is unresolved. Fetal access 
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to maternal thyroid hormone is suggested by 
athyreotic infants who are normal or only 
mildly retarded at birth. However, maternal 
thyroid hormone probably cannot completely 
replace fetal thyroid production, and most 
athyreotic infants do show a lack of thyroid 
hormone. The role of maternal thyroid hor
mone in early fetal development remains un
known, but it does not appear to be necessary 
during the later part of pregnancy.208 

Amniotic Fluid 
The increased frequency of amniocentesis in 
pregnant women has led to an interest in 
thyroid hormone concentrations in amniotic 
fluid. TSH has been difficult to detect in am
niotic fluid.36 During the first half of preg
nancy, amniotic fluid thyroxine concentrations 
increase progressively, reaching peak concen
trations at 25 to 30 weeks (Fig. 16-2).9< 121 
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Figure 1 6 - 2 . Amniotic fluid Τ^ Τ^ and reverse T3 
concentrations during pregnancy. A Amniotic fluid T4 
concentrations. The vertical axis on the left is a loga
rithmic scale of standard concentrations and the one 
on the right is the percentage of the term mean value 
± 2 SD calculated from the regression lines, which are 
also plotted. B, Amniotic fluid reverse T3 concentra
tions plotted in the s ame manner. (Reproduced from 
Klein, A. H., Murphy, B. E. P., Artal, R., et al.: Am. J. 
Obstet. Qynecol. 136:626, 1980, with permission.) 

Amniotic fluid triiodothyronine concentrations 
are low during early pregnancy and rise slowly. 
During the last half of pregnancy, amniotic 
fluid thyroxine concentrations decrease while 
amniotic fluid thyroxine continues to increase. 
Most of the triiodothyronines (3,5,3'-triiodo-
thyronine) are formed from monodeiodination 
of the outer ring. Deiodination of the inner 
ring produces 3,3',5'-triiodothyronine or re
verse T3 (rT3), which has minimal biologic 
activity. In the fetus, thyroxine is predomi
nantly metabolized to rT3, perhaps because of 
immaturity of the enzyme systems.36 Reverse 
T3 concentrations are markedly increased in 
the amniotic fluid, reaching peak levels at 17 
to 20 weeks. This pattern of change in amniotic 
fluid thyroid hormones is compatible with an 
elevation in 5'-iodothyronine monodeiodinase 
activity in the fetal compartment. The placenta 
appears to be an important site for fetal thyroid 
hormone metabolism. In addition to the deiod
ination of T4, T3 is also deiodinated in the 
placenta to form mono- and di-iodothyro-
nine.30 

Whether amniotic fluid thyroid hormone 
concentrations reflect the fetal compartment is 
of particular interest. The suggestion has been 
made that amniotic fluid iodothyronine con
centrations can be used for the prenatal diag
nosis of fetal thyroid abnormalities.36' 105 A 
normal amniotic fluid rT3 concentration was 
found in a fetus whose mother had inadver
tently received a therapeutic dose of 131I at 10 
to 11 weeks of gestation. The fetus was treated 
with thyroxine injected into the amniotic fluid 
and was euthyroid at birth.132 Furthermore, 
the amniotic fluid rT3 concentration rose after 
the T4 injection. However, amniotic fluid con
centrations have been found to be high in a 
hypothyroid infant and low in a normal in
fant.129 TRH also has been found in amniotic 
fluid.156 

NEONATAL THYROID FUNCTION 

Serum T3 values in cord serum are low, and 
T3 concentrations are elevated (Table 16-1). 
Immediately following birth, there is a sharp 
rise in the serum TSH concentration caused 
by increased pituitary secretion of TSH.71 TRH 
degrading activity is absent in the newborn but 
appears after 3 days.8 This acute surge in TSH 
may be mediated by TRH secretion, which has 
been reported to be elevated in newborns.135 

Neonatal serum TSH concentration increases 
minutes after birth from a mean of 7.5 μυ/ml 
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Table 16-1. Thyroid Function Tests in Material and 
Cord Blood at Term 

Test 

Serum thyroxine 
μ9Γη/100 ml 

Free thyroxine ngm/100 
ml 

Serum triiodothyronine 
ngm/100 ml 

Reverse triiodothyronine 
ngm/100 ml 

Resin T3 uptake 
Thyroxine-binding 

globulin mgm/L 
Serum TSH μϋ/ml 

Maternal 

10-16 

2.5-3.5 

150-250 

35-65 

22 

30-50 
0 - 6 

Cord 

6-13 

1.5-3.0 

40-60 

80-360 

25-35 

12-30 
0-20 

to a peak of 30 μΙΙ/ml within 3 hours (Fig. 16-
3).216 In response to TSH stimulation, there is 
a sharp rise in total and free serum thyroxine 
concentrations. Serum triiodothyronine also 
increases dramatically, but this rise is at least 
in part TSH independent.194 Neonatal tissues 
rapidly acquire a greater capacity to mono-
deiodinate T4 to T3, which contributes impor
tantly to the early rise in serum T3 concentra
tions and the fall in serum T3 concentrations. 
The capacity of neonatal tissues to monodeio-
dinate T4 to T3 is reflected in the progressively 
changing serum T3/T4, rT3/T4 ratios between 
30 weeks of gestation and the first postnatal 
month.67 

Neonatal radioactive iodine thyroid uptake 
is elevated as early as 10 hours post partum. 
Thyroid uptake reaches a peak by the second 
day and drops to adult normal limits by the 
5th day post partum.70 The plasma inorganic 
iodine and iodine pool are increased, as is the 
absolute amount of iodide taken up by the 
thyroid gland.178 The factors responsible for 
this stimulation of iodide transport are un

known but probably involve more than stimu
lation of the hypothalamic-pituitary-thyroid 
axis. 

PLACEMTAL TRANSFER 
Any effect of maternal thyroid hormone on 
the fetus must depend on placental transfer. 
In fact, there are a number of agents that may 
affect fetal thyroid function depending upon 
whether or not they are transferred across the 
placental barrier (Table 16-2). 

Transfer of Thyroid Hormone 
Pregnant women at term were administered 
131I-T3 or T4, and the ratio of radioactivity in 
maternal and fetal sera was determined at the 
time of delivery.89 Both hormones were trans
ferred slowly, but 131I-T3 appeared to be trans
ferred at a somewhat faster rate. Similar ob
servations were made of women who had 
received the isotopes between the 11th and 
26th weeks of pregnancy prior to therapeutic 
abortions. In another study, 13 pregnant 
women were given infusions of 500 to 8000 
μgm of L-thyroxine at term, and the serum 
PBI and RT3U were determined in maternal 
and cord blood.69 Neonatal serum butanol-
extractable iodine (BEI) values increased pro
gressively with greater amounts of maternal 
hormone and diffusion time, but the values 
did not approach those of maternal sera. The 
placenta appeared to be relatively impermea
ble to thyroxine, at least at term, and persisted 
despite progressive saturation of maternal 
TBG and a presumed increase in maternal free 
thyroxine concentrations. 

Triiodothyronine was administered to preg-

Figure 16-3 . Serum (TSH), Thy
roid-stimulating hormone T^ 
and T3 concentrations during 
the first 48 hours in the neo
nate. (Modified from Stubbe, P., 
Gatz, J., et al.: Horm. Metab. 
Res. 18:58, 1978, with permis
sion.) 
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Table 16-2. Placental Transfer and Fetal Thyroid 
Function 

Placental transfer without difficulty 
Iodides 
Thioamides 
Thyroid-stimulating immunoglobulins 
Thyrotropin-releasing hormones 

No transfer 
Thyrotropin 

Minimal transfer 
Triiodothyronine 
Thyroxine 

nant women for 4 to 6 weeks before delivery 
and serum thyroxine was determined in mater
nal and cord sera.182 Transfer of triiodothyro
nine across the placenta would be expected to 
decrease fetal TSH level with a resulting de
cline in serum T4 values. In five of eight infants 
born to mothers who had received 300 μgm T3 
daily, which is approximately three times the 
normal dose, serum T4 values were low. In the 
other three children, however, values were 
comparable with control values. Little de
crease in cord blood T4 was noted in infants 
whose mothers received 150 to 200 μgm T3 
daily. The need to administer large doses of 
triiodothyronine in order to suppress cord 
blood T4 again appeared to reflect placental 
impermeability. In a similar study, the serum 
T3 concentration was determined directly in 
maternal and cord blood.53 Cord serum T3 
concentrations were elevated in those infants 
who had decreases in serum T4, but there was 
further evidence of minimal placental transfer. 

Available evidence suggests that triiodothy
ronine and thyroxine cross the placenta but do 
so with difficulty. Placental transfer of thyroid 
hormone may also change with duration of 
pregnancy and aging of the placenta. Triiodo
thyronine appears to cross more easily than 
thyroxine; however, fetal serum triiodothyro
nine concentrations are normally low. The 
available evidence also suggests that thyroid 
hormone transfer across the placenta is such 
that administration of physiologic amounts of 
thyroid hormone to the mother is not helpful 
in elevating the fetal serum thyroid hormone 
concentration. 

Animal studies have indicated that it may 
be possible to modify the structure of the 
thyroid hormone molecule to increase placen
tal transfer. A nonhalogenated thyroid hor
mone analogue, dimethyl-isopropyl thyronine 
(DIMIT), was found by us to be 20 times as 
effective as thyroxine in preventing fetal rat 

THYROID DISORDERS 

goiter without inducing maternal thyrotoxi-
cosis.37 Placental transfer depends on molecu
lar weight, protein binding, and lipid solubil
ity,9 and DIMIT is smaller, binds less tightly, 
and is more lipid soluble than thyroxine. 
Whether DIMIT has any role in the treatment 
of hypothyroidism in utero is not clear. The 
data raise the possibility that the thyroid hor
mone molecule can be altered to improve 
transfer across the placenta. 

MATERMAL HYPOTHYROIDISM 

Hypothyroidism is relatively uncommon in the 
pregnant patient.55 This low incidence of hy
pothyroidism during pregnancy, coupled with 
the widely held belief that fertility and thyroid 
function are closely related, is probably re
sponsible for statements that hypothyroid 
women are infertile.179 

'The relationship of the thyroid gland to the 
sex organs is the most ancient and classical 
relation of the function of the glands of internal 
secretion. Known to the ancients and a subject 
of daily gossip, it was passed down through 
the ages."134 

In one study, 7 of 10 myxedematous women 
were anovulatory.83 Because of this reported 
association with infertility as well as the ab
sence of definitive therapy, thyroid hormone 
has been administered to euthyroid infertile 
women. Desiccated thyroid hormone or pla
cebo was given to 339 euthyroid women with 
either infertility or menstrual disorders; 75 
infertile women eventually received thyroid 
hormone and 50 received placebo. The inves
tigators concluded that thyroid hormone ap
peared to have no definite benefit.27 We have 
treated 20 women who had no identifiable 
causes of infertility with a combination of 
thyroxine and triiodothyronine or placebo in a 
randomized double-blind study. Two of six 
women who received hormone became preg
nant, while 6 of the 14 women who had re
ceived placebo also became pregnant. Con
trolled studies offer no support for the use of 
thyroid hormone for infertility in euthyroid 
women. 

Pregnancy Outcome in Hypothyroidism 

Animal data suggest that mild or moderate 
hypothyroidism has a minimal effect on fertil
ity, although hypothyroid animals do have 
difficulty maintaining pregnancy.113 This was 
confirmed in a study of 244 pregnant hypothy-
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roid women in whom the rate of stillbirths was 
double that in controls.168 Other workers stud
ied a group of children whose mothers had 
proven or suspected thyroid disorders during 
pregnancy.88 The outcome of six of seven preg
nancies in women with clinically suspected 
hypothyroidism and low BEI values was poor. 
In addition to a spontaneous abortion and a 
stillbirth, one child was born with congenital 
defects and three children had undifferentiated 
developmental retardation at 8 months of age. 
Only two of the mothers had received even 
inadequate thyroid hormone replacement dur
ing pregnancy. Although there was no firm 
evidence that these women were actually hy-
pothyroid, an attenuated rise in the serum BEI 
concentration was associated with a poor preg
nancy outcome. 

One group monitored thyroid function in 
women during pregnancy and subsequently 
obtained developmental data on the children 
born to these mothers.142' 144 About 4% of 
pregnancies were classified as "hypothyroxi-
nemia" based on two low thyroid hormone 
values relative to normal pregnancy values or 
one low value relative to clinical hypothyroid
ism, previous reproductive failure, or thyroid-
ectomy. Of the 135 pregnancies in which the 
diagnosis of hypothyroxinemia was made, 81% 
of infants examined 8 months post partum 
whose mothers had received adequate thyroid 
hormone replacement were classified as nor
mal. In comparison, only 46% of infants whose 
mothers had received inadequate replacement 
were classified as normal. In a 7-year follow-
up study, the progeny of inadequately treated 
"hypothyroxinemic" women had lower psy
chologic scores.143 There was no compelling 
clinical evidence that these patients were ac
tually hypothyroid, and perhaps their socioeco-
nomic situation might have played a role in 
the poor outcome. The premise that there may 
be significant numbers of women with subclin-
ical hypothyroidism that only becomes appar
ent during pregnancy should be viewed with 
caution. 

Thyroid Function and Spontaneous Abortion. 
Since hypothyroid women experience in
creased fetal loss, serum thyroid hormone de
terminations were done in women who 
aborted; these values were found to be low.141 

Low values were not found, however, in pa
tients who had induced abortions.73 Follow-up 
studies indicated that patients with low thyroid 
hormone values who aborted were euthyroid 

301 

and presumably had not been hypothyroid 
during pregnancy.136 The data suggested that 
the low serum thyroid values were secondary 
to the abortion rather than the cause. Presum
ably, fetal death resulted in decreased estrogen 
production with a concomitant decrease in 
TBG and serum thyroid hormone concentra
tions. 

The balance of evidence suggests that the 
great majority of women with early sponta
neous abortions have normal thyroid function. 
Since the low serum thyroxine level merely 
reflects the decreased estrogen production and 
TBG, there is no reason to suppose that thy
roid hormone would be helpful in these situa
tions.166 However, hypothyroidism does occur 
during pregnancy, and decreased thyroid func
tion should be considered in pregnant women 
with low serum thyroxine concentrations. In 
one study of 31 women who had previously 
had at least one spontaneous abortion, half 
had some evidence of diminished thyroid re
serve as determined by TSH responsiveness.164 

Pregnancy in Hypothyroid Women. Myxede-
matous patients have been reported to carry 
their pregnancies to term successfully (Fig. 16-
4).104 116'127 155 Any thyroid hormone necessary 
for fetal growth before the second trimester 
must come from the maternal side. In severely 
hypothyroid mothers this hormone would be 
lacking. Although the offspring have not been 
subjected to extensive developmental testing, 
they have been reported as normal.179 Whether 
maternal thyroid hormone is absolutely nec
essary for fetal development is not clear; cer
tainly, it is desirable. The suggestion has been 
made that fetal-maternal transfer of thyroxine 
may occur under these circumstances. In one 
patient the BMR increased from - 4 0 % to 
- 4 % with a subsequent decrease again to 
- 2 8 % after delivery of a euthyroid baby.20 

However, such changes are probably due to 
the pregnancy. 

Diagnosis of Hypothyroidism 
Hypothyroidism is most commonly iatrogenic 
following either surgery or radioactive iodine 
therapy. Idiopathic hypothyroidism is a more 
insidious cause of decreased thyroid function 
and is related to Hashimoto's disease. An 
interesting association has been noted in that 
mothers of children with Down's syndrome 
have sometimes been found to have high titers 
of thyroid antibodies.64 The reason suggested 
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Figure 1 6 - 4 . Pregnant cretin. (Reproduced from Os
ier, W.: Sporadic cretinism in America. Transactions 
of the Congress of American Physicians and Surgeons, 
1897, with permission.) 

is that maternal thyroid autoimmunity predis
poses to aneuploidy in children and plays a 
major role in the birth of children with Down's 
syndrome in younger mothers. Hashimoto's 
disease is more common in patients with dia
betes mellitus; in one study of 100 diabetic 
women, 20% of class D and F diabetics also 
had Hashimoto's disease.205 

Regardless of the cause, hypothyroid pa
tients may complain of cold intolerance, con
stipation, cool dry skin, coarse hair, inability 
to concentrate, and irritability. However, eu-
thyroid pregnant women may also complain of 
the same symptoms, which makes the clinical 
diagnosis difficult. Parasthesia is an early 
symptom in about 75% of patients with hypo
thyroidism and may be helpful in the diagnosis. 
A pregnant woman is unlikely to present with 
gross myxedema, and the obvious signs, in
cluding a low body temperature, periorbital 
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edema, large tongue, and hoarse voice, are 
the exception rather than the rule. The patient 
may feel more fatigued than she felt during 
previous pregnancies and may complain of 
coarse hair and dry skin. Delayed deep tendon 
reflexes would be very helpful in making the 
diagnosis. Postpartum amenorrhea and galac-
torrhea associated with hyperprolactinemia 
may be indicative of hypothyroidism.117-219 

The most sensitive indicator of primary hy
pothyroidism is an elevated serum TSH con
centration in association with a low serum 
thyroxine concentration. Because of the ele
vated TBG in pregnancy, the serum thyroxine 
determination may not be as low as would be 
expected. The RT3U is not very helpful be
cause the greater number of unsaturated bind
ing sites are difficult to quantitate. Represen
tative thyroid function test results are shown 
in Table 16-3. Thyroid antibodies may provide 
supporting evidence for hypothyroidism, par
ticularly in the absence of a history of surgery 
or radioactive iodine therapy. Elevated serum 
cholesterol and carotene concentrations occur 
in hypothyroidism but are not helpful in the 
diagnosis. During normal pregnancy, serum 
cholesterol concentration may increase 60% 
above prepregnancy values. 

Therapy of Hypothyroidism During 
Pregnancy 
Once the diagnosis of hypothyroidism has been 
made in the pregnant woman, full replacement 
doses of L-thyroxine should be given immedi
ately, regardless of the degree of thyroid func
tion. Although L-triiodothyronine may cross 

Table 1 6 - 3 . Initial Thyroid Function Tests in Mine 
Pregnant Hypothyroid Women* 

Normal Mean 
Range Hypothyroid 

(Nonpregnant) (Pregnant) t 

Serum T4 4 .5 -13 .2 2.2 
μgm/100 ml 

Serum T3 100-200 84 
ng/100 ml 

RT3U 0 .88-1 .19 0.61 
Thyroid-stimulating 0 - 5 40 

hormone μϋ/ml 

*Reproduced from Montoro, M. N., Collea, J. A.# Fra-
sier, S. ri., et al.: Successful outcome of pregnancy in 
women with hypothyroidism. Ann. Intern. Med. 94:31, 
1981, with permission. 
tPregnant hypothyroid values represent mean of initial 
values from nine hypothyroid women presenting be
tween 8 and 30 weeks of gestation. (From Montoro et 
al., Ann. Intern. Med., 94:31, 1981) 
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the placenta with greater facility than L-thy
roxine, serum T3 concentrations in the mother 
rise to thyrotoxic values, and normal fetal 
serum T3 concentrations are very low. In the 
young pregnant woman without other compli
cations, therapy can be begun rapidly even if 
she experiences some initial discomfort. One 
reasonable schedule is 0.15 mg of L-thyroxine 
daily for 3 weeks and then readjustment of the 
dose, depending on the thyroid function test 
results. Thyroxine need be given only once a 
day because of the long half-life. With ade
quate treatment, the serum TSH concentration 
should decrease to values below 6 μυ/ml, and 
the serum T4 concentration should increase to 
normal values for pregnancy. If the values do 
not return to normal, the dose of L-thyroxine 
should be increased by 0.05 mg increments. In 
the study illustrated in Table 16-3, the dose 
of L-thyroxine administered ranged from 0.15 
mg to 0.30 mg daily.155 

Pregnant Women Receiving Thyroid Hor
mone. The number of women in whom hypo-
thyroidism is diagnosed during pregnancy is 
small. More commonly, pregnant women are 
receiving thyroid hormone when first seen, and 
the initial diagnosis of hypothyroidism may 
have been obscure. The thyroid hormone ther
apy can be stopped for 5 to 6 weeks and the 
patient reevaluated, or full doses of thyroid 
hormone can be given for the rest of the 
pregnancy. Since hypothyroidism, if present, 
would represent a risk to the continuation of 
the pregnancy, giving full doses seems wiser 
because the possibility of several weeks of 
decreased thyroid function is obviated. To be 
sure the pregnant woman is receiving adequate 
thyroid hormone, full replacement doses must 
be given. During the postpartum period, thy
roid hormone can be discontinued and thyroid 
function evaluated 5 to 6 weeks later. Normal 
thyroid function may be suppressed for a num
ber of weeks after prolonged thyroid hormone 
therapy. The recommended replacement dose 
of L-thyroxine is about 0.15 mg daily, based 
on the amount of thyroxine necessary to sup
press the elevated serum TSH concentration.212 

In subjects on estrogen who are receiving 
inadequate thyroid hormone replacement, no 
increase in the serum thyroid hormone iodine 
concentration occurred despite an increase in 
thyroxine-binding capacity.59 Women on thy
roid hormone therapy require follow-up during 
pregnancy to maintain optimal thyroid hor
mone concentrations. In a study of 34 hypo-

thyroid women followed through 37 pregnan
cies, no change in the thyroxine dose was 
required in 27 women.176 Seven women re
quired an increase in thyroxine and one a 
decrease. There was no difference in the am-
niotic fluid thyroxine concentrations between 
treated hypothyroid women and normal preg
nant controls. 

NEONATAL HYPOTHYROIDISM 

Thyroid hormone deficiency during the fetal 
and neonatal period results in generalized de
velopmental retardation.101 Both the severity 
of thyroid hormone deficiency and the time of 
onset during development play an important 
role in the degree and potential reversibility 
of the ensuing brain damage. Hypothyroidism 
beginning after the age of 2 years appears to 
exert little if any irreversible effects on mental 
development. The earlier hypothyroidism oc
curs during fetal development, the more likely 
it is that severe retardation will occur. 

With the availability of exogenous thyroid 
hormone therapy, the possibility of reversing 
mental retardation in cretinous children ap
peared reasonable. Osier, in 1897, stated, 
"Not the magic wand of Prospero or the brave 
kiss of the daughters of Hippocrates ever ef
fected such a change as that which we are now 
enabled to make in these unfortunate victims 
doomed heretofore to live in hopeless imbecil
ity, an unspeakable affliction to their parents 
and their relatives."174 

Availability in these cases is not sufficient; 
for thyroid hormone therapy to be effective it 
must be started early in life. If hypothyroidism 
is diagnosed and treated before 3 months of 
age, four fifths of affected children will have 
IQs above 90. Unfortunately, the early clinical 
diagnosis of congenital hypothyroidism is dif
ficult.51 Since early diagnosis and treatment of 
congenital hypothyroidism is important, yet 
early clinical diagnosis so difficult, the solution 
is to screen all newborns for congenital hypo
thyroidism.23 

Etiology and Incidence 
Neonatal thyroid screening programs have pro
vided a great deal of information on the eti
ology and incidence of congenital hypothyroid
ism. Congenital hypothyroidism occurs once 
in about 4000 births. The various causes of 
congenital hypothyroidism are outlined in Ta
ble 16-4. Primary hypothyroidism is most com-
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Table 16-4. Etiology and Incidence of Congenital 
Hypothyroidism 

Primary hypothyroidism incidence 
Thyroid dysgenesis, 1 in 4000 
Inborn errors of thyroid function, 1 in 30,000 
Drug-induced, 1 in 10,000 
Endemic hypothyroidism, 1 in 7 

Secondary and tertiary hypothyroidism, 1 in 60,000 

mon, about two thirds of children having ec
topie thyroids, one third having thyroid 
agenesis, and a few having dyshormonogene-
sis.47 The presence of thyroid growth blocking 
antibodies has been reported in a large pro
portion of mothers who give birth to hypothy-
roid infants.50 In most instances, the growth 
blocking immunoglobulins were found to be 
present in the absence of thyroid microsomal 
antibodies.222 There is also a suggestion that 
the gene for susceptibility to congenital hypo
thyroidism due to thyroid dysgenesis is closely 
limited to the HLA-A locus of the mother.152 

However, seasonal variation in the incidence 
of congenital hypothyroidism suggests the pos
sibility that environmental factors may play a 
role.151 In developing countries where goiter is 
endemic, the incidence of congenital hypothy
roidism may be as common as 14% of births.60 

Thyroid Dysgenesis. The cause of thyroid dys
genesis is unknown, but there seems to be a 
hereditary predisposition. Although the term 
athyreotic cretinism has been used, some thy
roid tissue is usually present.133 Although it 
has been postulated that thyrocytotoxic factors 
are transferred across the placenta, most work
ers believe that thyroid antibodies that do cross 
the placenta represent a reaction to thyroid 
injury rather than a primary event.32 However, 
transplacental transfer of a thyrosuppressive 
factor has been observed in one family.82,217 

Inborn Errors of Thyroid Function. Approxi
mately one child in 30,000 is born with an 
inborn error in thyroid function that can result 
in goitrous cretinism. Usually these children 
do not have significant thyroid enlargement at 
birth, but the goiter develops subsequently.15 

These defects in thyroid hormone biosynthesis 
are inherited as an autosomal recessive trait 
with a biochemical defect to correspond to 
each step in hormone biosynthesis. A family 
history of goitrous cretinism should alert the 
physician to this possibility in the neonate. 

Drug-Induced Hypothyroidism. A number of 

compounds ingested by the mother may ad
versely affect fetal thyroid function. Data from 
the neonatal thyroid screening programs sug
gest that transient hypothyroidism may occur 
in 1 in 10,000 births. 

An important cause of neonatal goiter and 
hypothyroidism is maternal iodide ingestion 
during pregnancy. Although this has been most 
commonly reported in women receiving large 
doses of iodides for chronic lung disease, goi
ters may occur with the maternal ingestion of 
as little as 12 mg of iodide daily.14'29 The large 
amount of iodides in the radiopaque dyes used 
for amniography may result in transient neo
natal hypothyroidism.11' 189 

There have been several women who 
throughout pregnancy have received the an-
tiarrhythmic drug amiodarone, which contains 
75 mg of iodine in each 200 mg capsule. The 
offspring have not had goiters, which suggests 
that iodide goiter may not occur in all instances 
of chronic ingestion during pregnancy.186 Ma
ternal ingestion of iodides appears to produce 
a relatively greater enlargement of the fetal 
thyroid, and the goiter may be large and ob
structive.75' 230 Fetal ultrasonography can be 
used to delineate a large goiter in utero.124 The 
major problem encountered is maintenance of 
an adequate airway. With a huge goiter, sur
gery may be necesssary in the neonatal period. 
The hypothyroidism is usually transient, but 
mental retardation has occurred. Children who 
have been exposed to propylthiouracil (PTU) 
in utero may be born with small goiters and 
transient hypothyroidism. Based on screening 
data, perhaps one infant in 100 who is exposed 
to PTU in utero will develop transient hypo
thyroidism. 

Diagnosis 
During the first weeks of life when the diag
nosis is crucial, clinical features of hypothy
roidism are so uncommon that the diagnosis is 
rarely suspected. The clinical features of neo
natal hypothyroidism are variable and include 
prolonged gestation with large size at birth, 
feeding and respiratory difficulties, constipa
tion, abdominal distention with vomiting, and 
protracted icterus. Hypothermia, cyanosis, a 
large posterior fontanelle, umbilical hernia, 
and rough dry skin have commonly been 
found.118130204 

Cretinism may be mistaken for Down's syn
drome because both diseases are characterized 
by short stature and mental retardation. How-
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ever, the child with Down's syndrome is more 
active and has specific stigmata. Cretinism may 
also be confused with the Beckwith-Wiede-
mann syndrome, which includes umbilical her
nia and macroglossia.65 

A low serum thyroxine level (<4 μgm/100 
ml) in combination with a very high TSH (>80 
μύ/100 ml) is diagnostic of hypothyroidism. 
Infants with borderline T4 (4 to 7 μg/100 ml) 
or borderline TSH (20 to 80 μΙΙ/100 ml) or 
both detected in a screening program will 
require further assessment. Radiographie bone 
age estimation may be helpful because the low 
osteoblastic activity is reflected in a slow rate 
of skeletal gravity and maturation. In the neo
nate the lack of ossification of the distal fem
oral epiphysis on the proximal tibial epiphysis 
suggests thyroid hormone deficiency in utero.137 

Epiphyseal dysgenesis is commonly seen in the 
proximal femoral epiphysis but may affect any 
center of endochondral ossification.235 The os
sification center appears late and at first is not 
a single center but multiple small centers scat
tered throughout the epiphysis. These centers 
eventually coalesce to form a single center 
with an irregular shape and a stippled appear
ance. 

Therapy of Congenital Hypothyroidism 
If thyroid hormone is to be effective therapy 
must be started as soon as possible after birth. 
Early treatment will minimize the degree of 
mental retardation.52'120 In the most complete 
study, a 3-year follow-up of 59 hypothyroid 
infants and 40 controls demonstrated no statis
tically significant differences in the various 
psychologic test scores between the two 
groups.81 However, there appears to be a re
lationship between lower IQ values and lower 
serum T4 concentrations or retarded bone age 
at the time of diagnosis. Preliminary evidence 
has accumulated that suggests affected children 
may have normal IQ values but may also have 
speech disorders and problems with fine motor 
coordination.191 

When an infant with possible hypothyroid
ism is identified by the screening program, a 
complete evaluation including a thyroid scan 
should be done. Infants with residual thyroid 
tissue, no signs or symptoms of hypothyroid
ism, and a normal bone age and serum T3 
concentration have an excellent prognosis for 
normal development. Infants without visible 
thyroid tissue, with detectable signs of bone 
age retardation, and with low serum T4 and T3 
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concentrations have a more guarded prognosis 
for entirely normal development, even with 
early treatment. 

The preferred therapeutic approach is the 
prompt institution of oral L-thyroxine at an 
initial dosage of 50 μgm/day. Readjustment of 
the thyroxine dose on the basis of clinical signs 
and symptoms and thyroid function test results 
should be done within the first 4 weeks of 
therapy.191 Available information suggests that 
adequate replacement therapy should maintain 
the serum T4 concentration between 8 and 12 
μgm/dl, with a normal growth rate. Serum 
TSH concentrations are often elevated in chil
dren with congenital hypothyroidism who re
ceive adequate thyroid hormone replacement 
apparently because of a permanent aberration 
in TSH control.66 Too much thyroid hormone 
is equally undesirable for the developing brain. 
In doubtful cases, when transient hypothyroid
ism has not been excluded, cessation of ther
apy and reassessment of thyroid function after 
the age of 1 to 3 years may be desirable. 

In Utero Therapy. Because of the possibility 
that irreversible central nervous system dam
age may occur before birth in congenital hy
pothyroidism, there has been interest in intra
uterine treatment of fetal hypothyroidism. As 
previously discussed, the intrauterine diagnosis 
of hypothyroidism is difficult.121' 129 In one 
instance, intramuscular T4 was administered to 
the fetus because the mother had radioablation 
of the thyroid in the 13th week of pregnancy.223 

The last dose of T4 was given 2 weeks before 
delivery. At birth, cord blood TSH determi
nation was 340 μυ/ml. Transabdominal trans-
uterine injections of 120 μgm of L-thyroxine 
were given into the fetal buttock at 2-week 
intervals. The dose of thyroxine was inade
quate, but the calculated dose of 500 μgm 
could not be given intramuscularly. 

The fetus effectively absorbs L-thyroxine 
from amniotic fluid, which would obviate the 
problem of fetal intramuscular injections.119 

This approach was tried in a woman who 
inadvertently had received 150 mCi of 131I 
during weeks 10 to 11 of pregnancy.132 Because 
of the potential risks of fetal hypothyroidism, 
an amniocentesis with an injection of 500 μgm 
of thyroxine was performed weekly from week 
33 until delivery. The concentration of T4 in 
the cord serum was in the hypothyroid range, 
and the TSH concentration was low. However, 
the infant was not hypothyroid. Although 
these investigators suggested that the amniotic 
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fluid T3 concentration might be useful in the 
intrauterine diagnosis of hypothyroidism, this 
has not been substantiated.129 In addition, fol
low-up was necessary for the infant because of 
the possible results of exposure to large 
amounts of thyroxine. At present, both the 
intrauterine diagnosis and the therapy of con
genital hypothyroidism are difficult. 

MATERMAL THYROTOXICOSIS 

Thyrotoxicosis occurs in about two of every 
1000 pregnancies.168 A total of 75 women with 
hyperthyroidism were identified in a prenatal 
research study, and while the relatively small 
numbers preclude definitive statements, hyper
thyroidism during pregnancy appeared to be 
associated with a slight increase in the neonatal 
mortality rate and with a significant increase 
in the frequency of delivery of low birthweight 
infants. There is a suggestion that there is a 
higher incidence of congenital malformations 
in the offspring of mothers with untreated 
Graves' disease.154 There is no evidence that 
pregnancy makes thyrotoxicosis more difficult 
to control. In fact, perhaps related to the 
immunology of pregnancy, hyperthyroidism 
tends to be more easily controlled during preg
nancy, whereas relapses tend to occur post 
partum. 

Convincing evidence is lacking that fertility 
is impaired in mild to moderate hyperthyroid
ism, and these is disagreement whether fetal 
mortality rate is greater once pregnancy is 
established. Early workers thought that there 
was a hazard to the fetus proportional to the 
degree of hyperthyroidism.162 However, the 
fetal loss of 8.4% from 57 thyrotoxic pregnan
cies compared favorably with a total fetal loss 
of 17.2% in a group of normal euthyroid 
women. The women in this study had received 
treatment for hyperthyroidism, and there are 
no available data for untreated thyrotoxicosis 
during pregnancy. The balance of available 
evidence suggests that mild to moderate thy
rotoxicosis is not inimical to the continuation 
of pregnancy. A higher incidence of toxemia 
has been reported in thyrotoxic pregnancies, 
but the studies were not well controlled, and 
this correlation appears doubtful.149220 Down's 
syndrome has also been reported to occur 
more frequently in the offspring of thyrotoxic 
mothers, but these studies also were not well 
controlled.163 

THYROID DISORDERS 

Etiology 
Although there are a variety of possible causes 
of hyperthyroidism in pregnant women, includ
ing trophoblastic tumor and hydatidiform 
mole, toxic diffuse goiter (Graves' disease) and 
toxic nodular goiter (Plummer's disease) are 
of major importance. Plummer's disease is 
much less common during the childbearing 
years, since it arises in long-standing nodular 
goiter. Graves' disease is the most common 
form of hyperthyroidism in conjunction with 
pregnancy. 

Patients with Graves' disease have tended 
to undergo remission during pregnancy and 
exacerbation in the postpartum period. Studies 
on the immunology of pregnancy have pro
vided possible explanations for this observa
tion. Pregnancy has been described as a suc
cessful allograft of foreign tissue, and maternal 
immunologie inertness has been postulated as 
the mechanism for protecting the fetal allo
graft.12 Both humoral and cell-mediated im
munity have been reported to be depressed 
during normal pregnancy. Thyroid antibodies 
have been observed to decrease during preg
nancy in Graves' disease.3, 6 The amelioration 
of Graves' disease during pregnancy with ex
acerbation after delivery is thought to be due 
to these immunologie changes. The increased 
fetal suppressor T cell function necessary to 
prevent immunologie rejection by the mother 
may cause a transient decline in the intensity 
of Graves' disease during pregnancy.44 Deliv
ery with loss of the fetal suppressor T cells 
could result in the clinically recognized post
partum exacerbation of Graves' disease.207 Sol
uble factors produced by activated fetal sup
pressor cells presumably cross the placenta and 
decrease the maternal autoimmune process.74 

The disappearance of immunosuppression at 
delivery and transient enhancement of the im
mune reaction may be responsible for the 
transient recurrence of hyperthyroidism after 
delivery in patients with Graves' disease.4' 78 

Diagnosis of Hyperthyroidism in 
Pregnancy 

The clinical diagnosis of thyrotoxicosis in the 
pregnant woman may be difficult. The euthy
roid woman may have a number of hyperdy-
namic symptoms and signs, including an in
crease in cardiac output with systolic flow 
murmur and tachycardia, skin warmth, and 
heat intolerance. Diagnostic difficulties are fur-
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ther compounded because the usual laboratory 
tests of thyrotoxicosis may easily give rise to 
suspicion that is confirmed only with difficulty. 
Signs of hyperthyroidism such as weight loss 
may be obscured by the weight gain of preg
nancy. The presence of the eye changes of 
Graves' disease or pretibial myxedema may be 
helpful but does not necessarily indicate thy
rotoxicosis. A resting pulse above 100 is help
ful, and if the pulse fails to slow during a 
Valsalva maneuver, thyrotoxicosis becomes 
more likely. The presence of onycholysis, or 
separation of the distal nail from the nailbed, 
may also be helpful in making the clinical 
diagnosis of thyrotoxicosis. A patient with thy
rotoxicosis during pregnancy may present with 
hyperemesis gravidarum, which resolves only 
after successful therapy of the hyperthyroid
ism.16 Interestingly, the serum T4 concentration 
may be elevated but not the serum T3 concen
tration, which suggests a block in deiodina-
tion.49 

Although the serum thyroxine concentration 
is elevated in normal pregnancy, values above 
15 μgm/100 ml are suggestive of hyperthyroid
ism. The exact cutoff value depends on the 
particular assay. Provided that the patient does 
not have TBG deficiency, an RT3U in the 
euthyroid range during pregnancy is also 
suggestive of thyrotoxicosis. These two deter
minations can be combined mathematically to 
obtain a free thyroxine index that makes a 
comparison of thyroxine to thyroxine-binding 
protein into a single value. Unfortunately, 
because of the elevated TBG during preg
nancy, the free thyroxine index is not an ac
curate measure of the actual free thyroxine 
concentration.206 The newer nonequilibrium 
dialysis methods for the estimation of free 
thyroxine may be helpful, although some of 
them are also affected by changes in TBG.236 

If the patient is clearly thyrotoxic clinically but 
has normal values for serum thyroxine the 
possibility of T3 toxicosis should be consid
ered.228 

Hydatidiform mole may produce enough 
hCG to stimulate the thyroid and produce 
thyrotoxicosis.102 For reasons that are not to
tally clear, patients so affected may have few 
clinical signs of thyrotoxicosis despite elevated 
thyroid function.76 Patients were clinically eu
thyroid with elevated serum thyroid hormone 
concentrations when the hCG level was 0.1 x 
IO6 IU/L and thyrotoxic when the hCG con
centration was 0.3 x 106 IU/L.170 

Thioamide Therapy 
Since radioactive iodine therapy is contraindi-
cated during pregnancy, treatment involves a 
choice between antithyroid drugs and sur
gery.154' 175 There are arguments for and against 
both forms of treatment, and in the final anal
ysis the individual decision depends on the 
physician's treatment bias and recent past ex
perience. Even if the decision is made to 
operate, the thyrotoxicosis must first be con
trolled by antithyroid drug therapy. 

The mainstay of antithyroid drug therapy 
involves thioamides, which inhibit thyroid hor
mone synthesis by blocking iodination of the 
tyrosine molecule. Since these drugs block the 
synthesis but not the release of thyroid hor
mone, a clinical response to thioamides does 
not occur until the thyroid hormone stored in 
the colloid is utilized. Therefore, the time 
required to achieve control of the thyrotoxi
cosis will depend on the amount of colloid 
stored in the thyroid gland. Commonly, the 
patient will notice some clinical improvement 
after the first week of therapy and may ap
proach euthyroidism after 4 to 6 weeks of 
therapy. Both propylthiouracil (PTU) and 
methimazole have a short duration of action. 
Although most patients can probably be main
tained on a single daily dose,88 some women 
may require the thioamides every 8 hours or 
even more frequently for adequate control of 
thyrotoxicosis. 

PTU and methimazole (Tapazole) have been 
used interchangeably without evidence that 
one or the other had definite therapeutic ad
vantages. However, PTU has the advantage of 
partially blocking the conversion of T4 to T3 in 
addition to inhibiting thyroid hormone synthe
sis. Furthermore, there is some evidence that 
methimazole therapy may be associated with 
aplasia cutis in the offspring (Fig. 16-
5 ) 157,209,222a F o r t h e s e r e a S ons , PTU is the drug 
of choice in the therapy of thyrotoxicosis in 
pregnancy. 

PTU Dose. Once the diagnosis of hyperthy
roidism has been made, the patient should be 
given PTU, 100 to 150 mg, every 8 hours. 
After control of thyrotoxicosis has been 
achieved, as determined by an improvement 
in symptoms and signs as well as a fall in serum 
thyroxine level, the dose of PTU should be 
decreased to 50 mg, four times a day. If the 
patient remains euthyroid, the PTU could be 
decreased to 150 mg per day and then after 3 
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figure 16-5. Aplasia cutis in a child 
whose mother had received methima-
zole. (Reproduced from Burrow, G. Γί., et 
al.: Yale J. Biol. Med. 51:13, 1978, with 
permission.) 

weeks to 50 mg twice a day. Serial serum T4 
determinations obtained monthly may be help
ful in monitoring the course of the disease. 
There appears to be a strong correlation be
tween fetal and maternal free T4 concentra
tions. Maintenance of the maternal free T4 
concentration in the range of the upper normal 
limit may be optimal for fetal thyroid func
tion.153 The serum thyroxine concentrations 
may increase before clinical signs of thyrotox-
icosis recur. Pregnant women with thyrotoxi-
cosis should be maintained on as low a dose 
of PTU as possible, preferably under 100 mg 
daily.24 

If thyrotoxicosis recurs the PTU should 
again be increased to 300 mg per day. As 
mentioned previously in the chapter,, a recur
rence is particularly likely post parfum, and 
PTU could be increased to 300 mg daily at 
that time. If control of thyrotoxicosis in the 
pregnant woman is not achieved on this treat
ment schedule, the PTU should be increased 
to 600 mg daily and given more frequently, 
e.g., every 4 to 6 hours. Rarely will it be 
necessary to give more than 600 mg PTU daily. 
The need for large amounts of PTU may relate 
to low serum concentrations of PTU. 198 In one 
study, serum PTU concentrations were consis
tently lower in the late third trimester com
pared with postpartum values.77 

Complications of PTU Therapy. The most 
common complications of thioamide therapy 
include a mild, occasionally purpuric skin rash, 
pruritus, drug fever, and nausea, which occur 
in about 2% of patients taking PTU. These 
minor side effects tend to appear during the 
first 4 weeks of therapy. If a drug reaction 

occurs with PTU therapy may be continued 
with methimazole. However, the development 
of agranulocytosis requires that thioamide drug 
therapy be stopped immediately. Agranulocy
tosis usually occurs after 4 to 8 weeks of 
therapy in about 0.3% of the treated popula
tion and leads to a fatal outcome in less than 
1 in 10,000 treated patients. A leukocyte count 
should be obtained before thioamide therapy, 
since about 10% of patients with Graves' dis
ease have leukopenia. Weekly monitoring of 
the patient's leukocyte count during therapy is 
probably not helpful, because the white blood 
cell count may fall precipitously over several 
days. 

Effect on the Fetus. The major concern with 
the use of PTU during pregnancy is the devel
opment of fetal goiter and hypothyroidism.35 

PTU crosses the placenta without difficulty145 

and blocks the fetal thyroid gland (Fig. 16-6). 
When the concentration of the fetal serum 
thyroid hormone decreases, stimulation of the 
thyroid gland by TSH might result in goiter 
formation.24' 185 This effect may not depend 
solely on the amount of PTU. Many women 
have given birth to normal children even after 
receiving large amounts of antithyroid drugs 
during pregnancy. Four out of 400,000 children 
screened in the Quebec neonatal thyroid 
screening program had transient hypothyroid
ism due to PTU. The number of mothers 
receiving antithyroid drugs was unknown, but 
a crude estimate suggests that only 1 to 5% of 
children exposed to PTU develop transient 
hypothyroidism. Under ordinary circum
stances, sufficient maternal thyroid hormone 
may cross the placenta to prevent fetal goiter. 
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Figure 1 6 - 6 . Effect of propylthiouracil (PTU) on fetal thyroid function. 

Since a decrease in fetal thyroid hormone 
concentration may cause neonatal goiter, 
maternal thyroid hormone supplementation 
has been suggested.199 However, the added 
hormone may increase the dosage of PTU 
that is needed to control thyrotoxi-
cosis.85' 109' 110' 123> 175 Certainly every effort 
should be made to avoid maternal hypothy-
roidism during pregnancy. PTU should be de
creased or discontinued, and thyroid hormone 
should be administered if hypothyroidism is 
even suspected. 

If the pregnant thyrotoxic woman on anti-
thyroid medication can be followed at monthly 
intervals with laboratory determinations of 
thyroid function the thyroid hormone supple
mentation is probably unnecessary. If she can
not be followed closely, the thyroid hormone 
supplementation may ensure against the de
velopment of maternal hypothyroidism.183 Cer
tainly, an attempt should be made to treat the 
pregnant thyrotoxic woman with the lowest 
possible dose of antithyroid medication.126 

Pregnant women tolerate mild degrees of hy-
perthyroidism without great difficulty, and it 
would be better to err by giving too small a 
dose of antithyroid medication rather than too 
large. Finally, if early diagnosis and treatment 
of neonatal hypothyroidism prevent the seque
lae of in utero hypothyroidism these affected 
children can be successfully treated after birth. 

Breast-Feeding by a Mother Receiving PTU. 
A mother on antithyroid drug therapy may 
transfer thioamides in the breast milk. The 
amount of PTU transferred to the suckling 
infant is less than the amount of methimaxole 
and would not be expected to have any signif
icant effect of neonatal thyroid function.38' 124 

Eleven thyrotoxic women were treated with 
carbimazole, which is similar to methimazole, 
or with PTU.128 

The amount of thioamide did not exceed 15 
mg of carbimazole or 150 mg of PTU. These 
investigators concluded that breast-feeding un
der these conditions does not pose a risk to 
the neonate. There is the theoretic risk of drug 
reaction, but none has been reported so far. 
In summary, if a mother receiving PTU has a 
strong desire to breast-feed, there should be a 
full explanation of the potential risks and a 
close monitoring of the neonatal thyroid func
tion. 

Possible Long-Term Effects. Unlike iodide-
induced goiter, the neonatal goiter associated 
with PTU therapy is not large and obstructing. 
Although cretinism has been reported in the 
offspring of women treated with thioamides, 
there is no conclusive evidence that it was 
caused by the drugs. A more difficult question 
is whether children who were exposed to 
thioamides in utero attain full intellectual de-
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velopment. To study this problem we com
pared 18 children exposed to PTU in utero 
with 17 nonexposed siblings.22 The children 
ranged in age from 2 to 12 yeafs, and there 
were no important differences in their physical 
or mental characteristics. Thyroid function test 
results were normal in both groups, and there 
was no evidence of abnormal physical devel
opment or delayed bone growth. Physiologic 
testing revealed no marked differences be
tween the groups, either in overall intellectual 
development or in patterning of various mental 
skills. 

The small size of the sample precluded def
inite conclusions, but in a subsequent study 
intelligence tests administered to 29 children 
who had been exposed to PTU in utero and 
32 nonexposed siblings also showed no impor
tant differences between the groups.25 Similar 
data were reported for 25 children aged 3 to 
13 years who were exposed in utero to carbi-
mazole, which is metabolized to methima-
zole.147 These results indicate that with careful 
attention, thioamides can be given to pregnant 
women without interfering with subsequent 
intellectual development in the offspring. 

Propranolol Therapy 
Because the pregnant woman treated with 
PTU must be followed very carefully, there 
has been interest in alternative therapy, partic
ularly with the beta blocking agent proprano
lol.19 However, the pharmacologie actions of 
propranolol on the fetus and neonate have 
been associated with small placenta, intrauter
ine growth retardation, impaired responses to 
anoxic stress, and postnatal bradycardia and 
hypoglycemia.79' 92' 181 

On the basis of these studies, which were 
often retrospective, beta blockers have not 
been recommended for long-term treatment of 
thyrotoxicosis during pregnancy. However, 
enough data have become available to suggest 
that pregnant women may be safely treated 
with beta-blocking agents, if indicated.192 

Whether selective beta blockers have any ad
vantage in long-term therapy remains to be 
determined.193' 197 

For rapid control of thyrotoxicosis, the com
bination of propranolol, 40 mg every 6 hours, 
with iodides, which block the release of thyroid 
hormone, will usually result in marked im
provement within 2 to 7 days. Iodides act by 
inhibiting the secretion of thyroid hormone 
and by acutely inhibiting the uptake of iodide 

into the thyroid. Unfortunately, iodides cause 
similar effects on the fetal thyroid gland in 
doses as low as 12 mg daily. Five drops of 
Lugol's solution twice a day, which is equiva
lent to a total of 100 mg of iodide, may be 
added to the therapeutic regimen for no more 
than a week or so. Once control of the thyro
toxicosis has been achieved, the patient may 
undergo subtotal thyroidectomy, but the anes
thesiologist should be made aware that the 
patient has received propranolol. Whether 
agents that inhibit the conversion of thyroxine 
to triiodothyronine, such as ipodate, have any 
role in the rapid control of thyrotoxicosis in 
the pregnant woman is not clear.238 

Surgeiy 
If a subtotal thyroidectomy is to be performed 
surgery is often delayed until after the first 
trimester. The rationale for this delay is that 
the spontaneous abortion rate is highest during 
the first trimester and surgery during this pe
riod might increase the risk of abortion. How
ever, thyroid surgery probably need not be 
avoided during the first trimester, if indi
cated.18 The argument against subtotal thyroid
ectomy for the treatment of the pregnant 
woman with thyrotoxicosis is twofold. First, 
there is a definite surgical risk, which is prob
ably higher than that of fatal complications of 
medical therapy.18231 Second, the surgical com
plications of hypoparathyroidism and recurrent 
laryngeal nerve paralysis are disabling and 
difficult to treat. Although uncommon, they 
do occur, and as fewer thyroidectomies are 
done because of medical therapy the compli
cation rate rises. 

In one study of 12 thyrotoxic women treated 
with subtotal thyroidectomies, all the patients 
were first controlled with PTU and a brief 
course of iodides.218 Three women were oper
ated upon during the first trimester, seven in 
the second and two early in the last trimester. 
Seven women received thyroid hormone post-
operati vely. Of the 12 patients, nine were 
delivered of normal children weighing more 
than 2500 gm. One patient had a spontaneous 
abortion 12 hours postoperatively, one intra
uterine death occurred at 20 weeks, and one 
infant was premature. There was a total preg
nancy wastage of 16% for this group compared 
with 33% for the medically treated group. The 
spontaneous abortion rate was 3.5% in the 
surgically treated group and 11.5% in the 
group receiving antithyroid medication. When 
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the difference in spontaneous abortion was 
eliminated, the overall fetal salvage was simi
lar. 

The difficulty with these studies is that pa
tients must be controlled medically before they 
can undergo surgery.The spontaneous abor
tion rate is higher during early pregnancy and 
may be labelled a "medical failure" when the 
abortion is during preoperative preparation.96 

In a study in which subtotal thyroidectomy had 
been planned after control was achieved with 
antithyroid drugs, only seven patients were 
actually operated upon for various reasons.237 

With one exception, the more severe cases 
were treated medically. In spite of this, 70% 
of women treated with medical therapy had a 
successful pregnancy outcome, while 28% of 
women surgically treated were in the same 
category. Other workers have found that sub
total thyroidectomy after appropriate prepa
ration resulted in no surgical complications.58 

If the patient is to have surgery she should be 
observed carefully for signs of hypothyroidism 
postoperatively. At the first chemical signs of 
hypothyroidism, the pregnant woman should 
be started on a regimen of 0.125 mg of L-
thyroxine.13 

Since surgical complications do occur and 
since the majority of patients who receive PTU 
have uncomplicated pregnancies, medical ther
apy seems to be preferred for hypothyroidism 
during pregnancy. Subtotal thyroidectomy 
should probably be reserved for antithyroid 
drug hypersensitivity, poor compliance, and 
the rare instance in which the drugs are inef
fective.110 

Thyroid Storm 
The major risk to the pregnant woman with 
thyrotoxicosis is the development of thyroid 
storm. This uncommon but frightening com
plication occurs as a life-endangering augmen
tation of the signs and symptoms of hyperthy
roidism. Thyroid storm is more likely when 
there is some precipitating factor such as labor, 
cesarean section, or infection.91 The pregnant 
woman may present with a fever as high as 
106°F, marked tachycardia, prostration, and 
severe dehydration, a course ending fatally in 
up to 25% of cases despite good medical 
management. Thyroid storm is more com
monly seen in patients in whom the diagnosis 
of hyperthyroidism has not been recognized, 
but it also occurs in inadequately treated pa
tients. 

3 1 1 

Precipitating factors should be alleviated if 
possible and specific therapy includes the fol
lowing: 

1. Propranolol, 40 mg by mouth every 6 
hours to control the beta-adrenergic activity. 
(If necessary, the drug can be given intrave
nously in doses of 1.0 to 2.0 mg.) 

2. Sodium iodide, 1 gm intravenously to 
block the secretion of thyroid hormone. 

3. Lithium, 300 mg, three times a day, also 
to block thyroid hormone secretion. 

4. PTU, 1200 mg orally in divided doses, to 
block the formation of thyroid hormone and 
the deiodination of T4 to T3. 

5. Dexamethasone, 8 mg a day, to further 
block the deiodination of T4 to T3. 

6. Five liters of fluids to replace severe fluid 
losses. 

7. Hypothermia for malignant hyperpy-
rexia.46' 109 

Plasma-exchange has been carried out suc
cessfully in three pregnant women with severe 
thyrotoxicosis and remains an option.46 If hy
perthyroidism is considered in the pregnant 
woman and adequate therapy initiated, this 
frightening complication of thyrotoxicosis 
should be virtually eliminated. 

INADVERTENT ADMINISTRATION OF 131I 
DURING PREGNANCY 

As mentioned previously, radioactive iodine is 
absolutely contraindicated during pregnancy. 
However, occasionally a patient not known to 
be pregnant at the time is given a dose of 
radioactive iodine. Although all women in the 
childbearing age should have a pregnancy test 
before receiving therapeutic doses of radiation, 
this is not always done. 

Maternal Irradiation. During a radioisotope 
thyroid uptake, both mother and fetus are 
exposed to radiation. The amount of radiation 
that the mother receives is insignificant in 
terms of a dose to the thyroid or ovaries. 
However, a treatment dose of 131I for hyper
thyroidism is 1000 times the dose required for 
an uptake study. Hyperthyroidism is the only 
common nonmalignant disease for which pa
tients receive significant amounts of ionizing 
radiation. Although the incidence of leukemia 
and thyroid malignancy is not increased in 
thyrotoxic patients receiving radioactive io
dine,195 subsequent effects of the gonadal dose 
are less certain.196 The radiation dose to the 
maternal and fetal thyroids as well as gonads 
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has been estimated.93 In a similar study, a 
patient was estimated to receive a total body 
dose of 0.51 rad/mCi.229 Therefore, a thyro-
toxic patient receiving a therapeutic dose of 10 
mCi of 131I would receive a total body dose of 
about 5 rads. There are five sources of radia
tion to the gonads: beta radiation from blood 
flowing through the gonads and gamma radia
tion from the thyroid, extrathyroidal tissue, 
bladder, and colon. The mean gonadal dose 
has been estimated at about 0.3 to 0.45 rad/ 
mCi of 131I.187' 229 Whether this radiation dose 
is sufficient to cause genetic effects is not clear. 
Persistent chromosomal abnormalities have 
been found in the white blood cells of patients 
who had received 5 mCi of 131I for the treat
ment of thyrotoxicosis. There is no reason to 
suppose that similar changes do not also occur 
in gonadal chromosomes. 

Fetal Irradiation. The fetal thyroid begins to 
concentrate iodine at about the 10th to 12th 
week of gestation and has an avidity for iodine 
20 to 50 times that of the maternal thyroid. As 
a consequence, any dose of radioiodine will be 
more concentrated per gram of thyroid tissue 
in the fetus than in the mother. Congenital 
hypothyroidism has been reported in offspring 
of mothers who received therapeutic doses of 
radioiodine.72' 120' 168' 214 A thyrotoxic mother 
who inadvertently received 14.5 mCi of 131I at 
the end of the first trimester was estimated to 
have received a dose of 20,000 rads to the 
thyroid, while the fetus received an estimated 
dose of 250,000 rads to the thyroid with re
sulting hypothyroidism. 

Not only is the fetal thyroid gland more avid 
for iodine, fetal tissues in general are more 
radiosensitive. Studies have demonstrated a 
causal relationship between prenatal irradia
tion and subsequent development of malignant 
disease, with indications that the risk is related 
to both the dose and the time of expo
sure.138, 211 Microcephaly has also been noted 
in children who were heavily irradiated in 
utero.84 Children who were in utero at the time 
of the atomic bombing of Hiroshima and Na
gasaki have been studied intensively. Radia
tion in utero resulted in higher fetal and infant 
mortality and a higher prevalence of micro
cephaly and mental retardation. Microcephaly 
was most common when the child was irradi
ated between 7 and 15 weeks of gestation. 
Children exposed to ionizing radiation in utero 
also lagged behind nonexposed peers during 
adolescence in several aspects of growth and 

development.24 These findings suggested that 
subtle defects that are not easy to detect may 
occur because of radiation. Most of the long-
term effects occurred with whole body radia
tion above 50 rads. Whether there is a thresh
old effect for radiation damage or whether the 
damage is linear is important, since the whole 
body radiation dose to the fetus from a thera
peutic dose of 131I for thyrotoxicosis is well 
below 50 rads. At least some of the effects 
may be linear, and all radiation should be 
regarded as harmful. 

Therapeutic Considerations 
If a woman is subsequently found to be preg
nant after a radioactive iodine uptake nothing 
further need be done. Although radiation is 
absolutely contraindicated in the pregnant 
woman, the amount received during a diag
nostic thyroid study is not sufficient to cause 
concern. However, in a pregnant woman who 
has inadvertently received a therapeutic dose 
of 131I for hyperthyroidism, the question of 
termination of the pregnancy arises. This sit
uation tends to arise early in pregnancy when 
the fetal thyroid is not trapping iodine. The 
relatively low fetal whole body irradiation is 
probably not sufficient to justify pregnancy 
termination. If the fetal thyroid is trapping 
iodine hypothyroidism is a risk. However, the 
neonatal thyroid screening program is predi
cated on the supposition that prompt postnatal 
thyroid hormone therapy prevents the seque
lae of in utero hypothyroidism. 

If a pregnant woman with thyrotoxicosis is 
given a therapeutic dose of 131I and this is 
discovered within a week of administration, 
she might be treated with PTU, 300 mg daily 
for 7 days, to block the recycling of the 131I in 
the fetal gland. Iodides would dilute the uptake 
pool but would also inhibit the release of 
radioactivity. By 10 days after treatment, more 
than 90% of the dose of 131I has been delivered, 
and such treatment would not be helpful. The 
mother will be thyrotoxic and will have to be 
treated, which will also complicate fetal thy
roid function. Regardless of possible preven
tive measures, the condition of the infant 
should be carefully evaluated for hypothyroid
ism at birth and immediate treatment begun, 
if indicated. 

Long-Term Management of Thyrotoxicosis. 
The long-term management of a young thyro
toxic patient who is planning subsequent preg-
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nancies represents a difficult therapeutic deci
sion. A medical remission in this age group is 
unlikely and thereby during the subsequent 
pregnancies will probably be indicated. A full 
2-year course of PTU therapy seems indi
cated—possibly a second course, if necessary. 
If the patient is still thyrotoxic, then consid
eration should be given to radioactive iodine 
therapy. Long-term antithyroid drug therapy 
in such a situation may be undesirable.157 De
spite the attendant risks, subtotal thyroidec-
tomy also deserves consideration in this situa
tion. 

NEONATAL THYROTOXICOSIS 

Approximately 1% of pregnant women with a 
history of Graves' disease give birth to infants 
with neonatal thyrotoxicosis.159 Although the 
mothers themselves were not necessarily thy
rotoxic during pregnancy, virtually all of them 
had some clinical or laboratory manifestations 
of Graves' disease. The neonatal thyrotoxicosis 
was transient, usually lasting 2 to 3 months or 
less. Hyperthyroidism has been a most fre
quent problem in the infant; the eye changes 
of Graves' disease have not always been pres
ent. Neonatal thyrotoxicosis is not a benign 
condition and has been associated with a mor
tality rate of 16%.106 Perhaps the most serious, 
long-term complication in surviving infants is 
premature craniosynostosis that might result 
in inadequate cerebral development.150 

Etiology 

Neonatal thyrotoxicosis is most likely due to 
the placental transfer of thyroid-stimulating 
immunoglobulins from the mother with 
Graves' disease to the fetus (Fig. 16-7). The 
pathogenetic role for thyroid-stimulating im
munoglobulins in this condition is demon
strated by the correlation between high con
centrations in maternal and cord serum with a 
subsequent decline in immunoglobulin activity 
accompanied by resolution of the neonatal 
thyrotoxicosis.148' 159 After great initial enthu
siasm, the inability to detect thyroid-stimulat
ing immunoglobulins in the sera of all cases of 
neonatal thyrotoxicosis raised questions about 
the etiologic agent.105'106 Much of the confusion 
has arisen because different assay procedures 
have been used, and data obtained by one 
procedure may not be comparable to data 
obtained by another.152 The process is even 
more difficult because there may be immuno-

Neonatal Euthyroid 
Thyrotoxicosis 

Figure 16-7. Maternal serum concentrations of long-
acting thyroid stimulator (LATS) protector (P) in 93 
pregnant women with Graves' disease. Sixty-one eu
thyroid women with LATS P values of less than 10 are 
represented by the dotted area. (Modified from Munro, 
D. S., et al.: Br. J. Obstet. Qynaecol. 85:837, 1978, 
with permission.) 

globulins present that are inhibitory as well as 
stimulating with different binding affinities.239 

An infant has been described who did not 
develop neonatal thyrotoxicosis until levels of 
the inhibitory immunoglobulin declined and 
then had a prolonged course because of the 
presence of a third antibody that presumably 
facilitated binding of the thyroid stimulating 
immunoglobulin to the TSH receptor.242' 243 

The equal sex incidence in neonatal thyrotox
icosis also favors the concept of placental trans
fer of the etiologic agent when compared with 
the female-to-male ratio of 3:1 or 4:1 for 
Graves' disease. The duration of neonatal thy
rotoxicosis appears to be a function of the 
initial neonatal serum concentration of the 
thyroid stimulating immunoglobulin and the 
rate of degradation. The half-life of the anti
body in the serum of the thyrotoxic neonate, 
based on studies with long-acting thyroid stim
ulator (LATS)-protector, is between 4 and 10 
days.139' 158 

The question has been raised whether neo
natal thyrotoxicosis is transient.106' 107 A num
ber of children have been described in whom 
the hyperthyroidism persisted beyond 1 year 
of age. These patients, particularly females, 
appear to inherit congenital Graves' disease as 
an autosomal dominant trait. Certainly, the 
majority of patients with neonatal thyrotoxi
cosis appear to have the disease only tran
siently. 

Diagnosis 
The diagnosis of neonatal thyrotoxicosis can 
usually be made on the basis of the total 
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clinical picture (Fig. 16-8). If the mother has 
Graves' disease, then the possibility of neo
natal thyrotoxicosis should be carefully consid
ered. The presence of goiter, exophthalmos, 
and tachycardia in a hyperirritable infant with 
an elevated serum thyroxine level is sufficient 
to enable the diagnosis to be made with a 
reasonable degree of certainty.201 Infants with 
neonatal thyrotoxicosis have also presented 
with other signs, such as cardiac failure, hep-
atosplenomegaly, jaundice, and thrombocyto-
penia.57 Such patients can be detected in the 
population screening programs for neonatal 
hypothyroidism if the T4 radioimmunoassay is 
used.227 The diagnosis would be greatly 
strengthened by a positive assay for thyroid 
stimulating immunoglobulin. A high titer is 
diagnostic in the infant and virtually predictive 
in the mother. Unfortunately, this assay is only 
available in research laboratories. 

Although a history of Graves' disease is the 
rule, the mother may not have active thyrotox
icosis and may be euthyroid or hypothyroid. 
Another problem in the diagnosis of neonatal 
thyrotoxicosis may occur in children exposed 
to antithyroid drugs in utero. These children 
may not be thyrotoxic at birth but may develop 
the disease subsequently.157 Presumably, the 
antithyroid drugs block the clinical expression 
of thyrotoxicosis in the neonate so that it may 
not become evident until after the child has 
left the hospital.234 The neonatal narcotic with

drawal syndrome could be confused with neo
natal thyrotoxicosis with irritability and trem-
ulousness, and the serum thyroxine level may 
also be elevated.112 

Therapy 
If neonatal thyrotoxicosis is mild no specific 
antithyroid therapy is necessary because the 
disease is self-limited. Otherwise, the infant 
can be treated with Lugol's solution (8 mg 
iodine) one drop three times a day, and pro-
pranolol, 2 mg/kg/day.97 203 PTU, 10 mg every 
8 hours, can also be added but is perhaps 
better reserved for children whose condition 
cannot be controlled with iodides or propran-
olol. Sodium ipodate has also been used for 
therapy.114a Patients with neonatal thyrotoxi
cosis who have died have usually been pre
mature and have had severe hyperthyroidism 
accompanied by congestive heart failure. How
ever, most children recover without incident. 
The majority of infants who require treatment 
do so for 3 to 6 weeks, depending upon the 
serum titer of thyroid stimulating immunoglob
ulin. Some children with neonatal thyrotoxi
cosis have been considered to be premature 
because of low birth weight. However, these 
children may actually have accelerated matu
rity on the basis of bone age, the low birth 
weight being secondary to the thyrotoxicosis.62 

Figure 1 6 - 8 . neonatal thyrotoxicosis. 
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FETAL THYROTOXICOSIS 

Thyrotoxicosis due to the placental transfer of 
thyroid stimulating immunoglobulins may be
gin in utero, particularly if the mother with 
Graves' disease is not receiving antithyroid 
medication. This situation occurs when the 
maternal thyroid has been ablated because of 
Graves' disease but high levels of thyroid-
stimulating immunoglobulins persist.39, 146 One 
woman who was euthyroid on thyroid hormone 
replacement after surgical treatment for active 
Graves' disease with the subsequent develop
ment of hypothyroidism had twins who died 
of thyroid storm in utero (Fig. 16-9).146 

The possibility of fetal thyrotoxicosis should 
be considered in all pregnant women with a 
history of Graves' disease regardless of current 
thyroid status. Elevated concentrations of ma
ternal thyroid stimulating immunoglobulins 
and persistent fetal tachycardia above 160 
beats/minute strongly suggest the diagnosis. 
Because of increased fetal morbidity and mor
tality, consideration should be given to thioam-
ide treatment directed specifically towards the 
fetus in doses of 50 to 100 ml daily.34' 188 After 
delivery the neonate should continue to be 
treated for thyrotoxicosis.225 

POSTPARTUM THYROIDITIS 

The immunologie changes that occur during 
pregnancy may influence the course of autoim
mune thyroid disease. The syndrome of post-
partum thyroiditis is much more common than 
previously supposed.63 A survey of the Japa
nese population revealed that 5.5% of women 
had postpartum thyroiditis, with hyperthyroid-
ism, hypothyroidism, or both.5 A similar prev
alence was reported from Scandinavia.111 Some 
of the women so affected, in the past, may 
have been misdiagnosed as having postpartum 
anxiety or depression. Postpartum thyroiditis 
usually occurs 3 to 6 months after delivery and 
manifests itself as transient hyperthyroidism 
followed by transient hypothyroidism with 
spontaneous recovery in 90% of cases. Physical 
examination reveals a small goiter in half the 
cases. Laboratory test results show elevated 
thyroid hormone concentrations during the 
thyrotoxic phase with a low radioactive iodine 
uptake. Microsomal antibodies are commonly 
present. In the Swedish study, half the patients 
with positive microsomal antibody titers during 
pregnancy developed postpartum thyroiditis.111 

The signs and symptoms of postpartum thy-
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roiditis are often subtle and difficult to detect. 
Perhaps pregnant women should be screened 
for microsomal antibodies, and patients with 
positive antibody titers followed closely during 
the postpartum period. The thyrotoxic phase 
usually lasts for 1 to 3 months but occasionally 
longer with about the same length of time for 
the hypothyroid phase. Postpartum thyroiditis 
tends to recur with subsequent pregnancies.226 

THYROID MODULE AMD THYROID 
CARCINOMA 

The presence of nontoxic diffuse goiter in 
response to relative iodine deficiency during 
pregnancy is discussed earlier in this chapter. 
A more difficult problem concerns the preg
nant woman who is discovered to have a soli
tary thyroid nodule. 

Management of the Thyroid Module 
One study reported 26 women who had been 
operated upon for a clinically solitary nodule 
that had arisen during, or was affected by, 
pregnancy.42 At surgery most of the nodules 
represented nontoxic nodular goiters, but 
there were nine true adenomas. Parity seemed 
to have no influence on the development of 
thyroid nodules. 

Evaluation of the solitary thyroid nodule 
during pregnancy is limited because the radio-
isotope thyroid scan is contraindicated. How
ever, it is possible to obtain ultrasound evalu
ation of the nodule to determine whether it is 
solid or cystic and to follow that procedure by 
a fine needle aspiration biopsy of the nodule. 
If the biopsy specimen does not reveal suspi
cious cells the thyroid should be suppressed 
with 0.15 mg of L-thyroxine for the duration 
of the pregnancy. Following delivery, the thy
roid nodule should be reevaluated. If the bi
opsy specimen is suggestive of malignancy, 
surgery is indicated even though the patient is 
pregnant. 

Management of Thyroid Carcinoma 
Pregnancy apparently has no effect on the 
natural history of thyroid carcinoma, nor does 
thyroid carcinoma have any significant effect 
on pregnancy. In one study of 60 women who 
had thyroid carcinoma in association with preg
nancy, 38 women had been treated and were 
free of disease for 2 to 15 years before becom-
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Figure 16-9. A Fetal thyrotoxicosis. At autopsy the thyroid gland of twin B (see B) was grossly enlarged and 
weighed 5 gm. B, Oxytocin challenge test performed at 32 weeks of gestation on twins A and B with tachycardia. 
(Reproduced from Maxwell, K. D., et al.: Obstet. Qynecol. 53:188, 1980, with permission.) 
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ing pregnant.190 The second group in that study 
included 22 women with thyroid carcinoma 
who were pregnant one to five times with this 
condition. Two therapeutic abortions were 
performed, one because of extensive métas
tases and one because of radioactive therapy. 
In another study, 70 women with thyroid car
cinoma who became pregnant were compared 
with 109 women with thyroid carcinoma who 
did not.103 There was no significant difference 
in the overall recurrence rate between the two 
groups, and the investigators concluded that 
pregnancy subsequent to the diagnosis of thy
roid carcinoma had no effect on the course of 
the disease. 

The diagnosis of carcinoma during preg
nancy is not an absolute indication for termi
nating the pregnancy, nor is pregnancy a con
traindication to necessary thyroid surgery. 
Radioactive iodine therapy should be withheld 
until after delivery but is rarely indicated. 
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in trophoblastic tumors, 47 
TSH concentrations and, 42-43 

Human leukocyte antigen, in autoimmune thyroid 
disease, 216, 217, 218-219 

in Graves' disease, 228, 236, 237, 237t 
organ-specific defect in suppressor T lymphocytes 

and, 192, 193 
Hydatidiform mole, 264-265, 265, 307 
Hydrogen peroxide iodination, thyroglobulin and, 

22,23 
Hyperlipidemia, 282 

thyromimetic agents for, 98 
Hyperthyroidism, after recovery from subacute thy

roiditis, 185-186 



328 

Hyperthyroidism (Continued) 
autoimmune, 191t 
autonomous functioning thyroid nodules as cause 

of, 214t, 214-215, 261-264. See also Toxic 
nodular goiter. 

diagnosis of, 262-263 
incidence of, 262-263 
thyroid testing for, 262, 263 
treatment for, 263-264 

carbohydrate metabolism in, 97 
carcinoma of thyroid and, 270-271 
causes of, 214t 
endemic goiter in pathogenesis of, 152 
factitious thyrotoxicosis as cause of, 271 
fatty acid synthesis in, 98 
fetal, 249 
in autoimmune thyroiditis, 200, 201 
in diabetes, 97 
in pregnancy, 230 
infertility and, 306 
iodide-induced, 265-267 

clinical course of, 267 
diagnosis of, 266-267 
mechanisms of, 266 

lipid metabolism in, 97-98 
management of, 230-251 

antiadrenergic agents in, 240-241 
antithyroid drugs for, 230-240. See also Anti-

thyroid drugs. 
pregnancy and, 248-249 
radioactive iodine in, 241-247. See also Radio

active iodine. 
subtotal thyroidectomy for, 247t, 247-248 

McCune-Albright syndrome and, 271 
painless, thyroiditis as cause of, 183 
post-partum, 249 
rare forms of, 271 
secondary to excessive human chorionic gonado

t ropa, 264-265 
T4 levels in, 69 
thyroiditis associated with, 267 
toxic nodular goiter as cause of, 214t, 214-215, 

261-264. See also Toxic nodular goiter. 
transient, 184 
TSH assay for, 132, 133-134 
TSH-induced, 47t, 47-48, 48t, 267-270 

causes of, 267-268, 268t 
clinical manifestations of, 269 
composition of, 268-269 
diagnosis of, 270 
laboratory findings in, 270 
treatment for, 270 

Hyponatremia, 282 
Hypoparathyroidism, postoperative, 248 
Hypophysectomy, for thyroid malignancy, 44 
Hypophysitis, lymphoid, 275 
Hypothalamic hypothyroidism, 287 

TSH secretion in, 46-47 
Hypothalamic-pituitary-thyroid axis, 41-57 

during pregnancy, 296-297 
general considerations for, 41 
hypothalamus role in, 50 
pituitary feedback control and, 49, 49-50 
TRH and, 51-57. See also Thyrotropic releasing 

hormone. 
TSH and, 41-49. See also Thyroid-stimulating 

hormone. 
Hypothalamus, in TSH secretion and thyroid func

tion, 50 
thyrotropic areas of, 50 

Hypothermia, for thyroid storm during pregnancy, 
311 

Hypothyroidism, 274-289 
after treatment for hyperthyroidsim, 287 
ankle tendon reflex duration in, 282 
autoimmune thyroiditis and, 279, 287 
carbohydrate metabolism in, 97 
central, diagnosis of, 132, 133 
classification on basis of serum T4 concentration, 

44, 45t 
compensated, 275, 282, 287 
congenital, 93-95, 303-304, 304t. See also Neo

natal hypothyroidism. 
fetal irradiation and, 312 

cretinism as, 275-278. See also Cretinism. 
definition of, 274 
during pregnancy, 300-303. See also Hypothy

roidism, neonatal. 
diagnosis of, 302t, 302-303 
in previously hypothyroid women, 301, 302 
pregnancy outcome for, 300-301 
spontaneous abortion and, 301 
thyroid hormone therapy and, 303 

electrocardiographic signs of, 282 
epidemiology of, 275 
etiology of, 274t, 274-275, 275t, 282 
gender differences in, 275 
Hashimoto's thyroiditis and, 200, 201 
hypothalamic, 46-47, 287 
in adulthood, 278-282, 280 

screening procedures for, 282 
in childhood, 278-282, 280 
in coma patients, 47 
in infancy and childhood, 286-287 
in myxedema coma, 288-289 
infertility and, 300 
iodide-induced, 279 
lingual thyroid removal and, 5 
lipid metabolism in, 97-98 
management of, 283-286 

desiccated thyroid for, 285-286 
thyroxine therapy for, 283-285, 284t 

neonatal, 303-305 
diagnosis of, 304-305 
drug-induced, 304, 304t 
etiology and incidence of, 303-304, 304t 
therapy for, 305-306 

permanent, 274t 
pituitary, 46, 46, 274-275, 287 
post-partum, 311 
prevalence of, 275 
primary, diagnosis of, 132, 132-133 

TSH secretion and, 43, 43-45 
spontaneous, 287 
T3 production in, 80 
T4 levels in, 69 
transient, 275t 

in subacute thyroiditis, 185 
TSH concentrations in, 132 

Hypothyroxinemia, 301 

Ί , 9. See also Radioactive iodine; Radionuclide 
scanning. 

Ί , 9. See also Radioactive iodine; Radionuclide 
scanning. 

during pregnancy, inadvertent administration of, 
311-313 
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131I (Continued) 
for hyperthyroidism, 241, 242t, 242-247 

disadvantages of, 243, 243-244 
indications for, 244 
practical considerations for, 242-243 
treatment considerations for, 244-246, 246 

IgG. See Immunoglobulin G. 
Imidazoles, 231. See also Antithyroid drugs. 
Immunoglobulin G, in Graves' disease, 215, 215-

216, 216t 
Immunoradioabsorbent procedure, for TSH deter

mination, 229 
Infective thyroiditis. See Thyroiditis, infective. 
Infertility, hyperthyroidism and, 306 
Integumentary disorders, in Graves' disease, 220 

in hypothyroidism, 280-281 
Invasive fibrous thyroiditis. See Riedels thyroiditis. 
Invertebrates, iodine binding in, 11 
Iod-Basedow phenomenon, 145 
Iodide deficiency, in goiter formation, 141-142, 143 
Iodide therapy, for hyperthyroidism, 239-240 

preoperative, 247 
Iodide transport, 20-22, 21 

measurement of, 21 
Wolff-Chaikoff effect and, 22 

Iodination, congenital defects in, 26 
of thyroglobulin, 22,23, 24 

Iodine, evolutionary origins of thyroid and, 11, 13 
historical perspectives on, 91 
labelled, 76 
nonextractable, production of, 82 
TSH and, 34 

Iodine-containing radiologie contrast media, for hy
perthyroidism, 240 

Iodine deficiency, hypothyroidism and, 275 
prevention of, 278 

Iodine intake, during pregnancy, 293 
Iodine prophylaxis, for endemic cretinism, 143-145, 

144t 
Iodized oil, 144 
Iodized salt, 141, 152 

pregnancy and, 293 
Iodoaminoacid biosynthesis, 22-23, 23-26, 25-26 
Iodothyronine, fetal thyroid production of, 14, 14 
Isotopie tests, in diagnosis of Graves' disease, 229 
Isthmus, 3 

Jellyfish, iodine binding in, 11 

Ketosis, diabetic, 97 

Larynx, nerve palsy in, 8 
nerves in, 4 
position of, 8 

LATS. See Long acting thyroid stimulator. 
Leukemia, Graves' disease and, 244 
Levothyroxine, 283-285, 284t 
Levotriiodothyronine, 284t. See also Thyroid hor

mone therapy. 
Lingual thyroid, 5, 5 

physical examination of, 8 
Liothyronine sodium, 284t. See also Thyroid hor

mone therapy. 

Liotrix, for hypothyroidism, 284t, 286 
Lipid metabolism, thyroid hormone effect on, 97-

98 
Lipogenesis, mRNA-S14 in, 115 

T3 in, 111-112 
Lipogenic enzymes, T3 effect on, 111-112 
Lipoproteins, thyroid hormone effect on, 97-98 
Lithium, for hyperthyroidism, 239 

for thyroid storm during pregnancy, 311 
goitrogenic action of, 146 
thyroid hormone release and, 20 

Liver, in T4 synthesis, 74 
Long acting thyroid stimulator, in Graves' disease, 

215, 215-216, 216t 
response to antithyroid drugs and, 235, 235 

Low serum T3 syndrome, 132, 133, 134 
Lugol's solution, for neonatal thyrotoxicosis, 314 
Lymph nodes, cervical, palpation of, 8 
Lymphography, thyroid, 10 
Lymphoid hypophysitis, 275 
Lymphoma, 156. See also Thyroid malignancy (ies). 
Lysosomes, 19, 19-20 

Malic enzyme, decreased, in malignancies, 134 
Malignancy (ies), nonthyroid, thyroid function in, 

134 
pituitary, TSH secretion and, 47t, 47-48, 48t 
thyroid. See Thyroid malignancy (ies). 

Malnutrition, thyroid abnormalities and, 145 
Mammals, developmental effects of thyroid hor

mone in, 93 
evolution of thyroid effector system in, 91-92, 92t 

Maternal thyrotoxicosis, 306-313. See also Preg
nancy, thyrotoxicosis and; Thyrotoxicosis. 

Matrix uptake, 129, 129, 130, 130 
McCune-Albright syndrome, hyperthyroidism and, 

271 
Means-Lehrman "scratch," in Graves' disease, 220 
Medullary carcinoma of thyroid, 168-171. See also 

Thyroid malignancy (ies). 
classification of, 169-170 
diagnosis of, 170-171 
incidence of, 169 
treatment of, 171 

MEN. See Multiple endocrine neoplasia. 
Mental retardation, in cretinism, 276, 277 
Messenger RNA, T3 effect on, 112, 113, 114t, 114-

115 
two-dimensional activity profiles of, 112, 113 

Methimazole, 231, 231-232. See also Antithyroid 
drugs. 

during pregnancy, 307 
for lactating females, 249 
starting dosage for, 233 

Methylthiouracil, 231, 231-232. See also Antithy
roid drugs. 

Migration inhibition factor (MIF) procedure, 235 
MIT. See Mono-iodotyrosine. 
MMI. See Methimazole. 
Mono-iodotyrosine, 11 

formation of, 23, 25 
Multiple endocrine neoplasia, medullary carcinoma 

of thyroid in, 168, 169. See also Medullary 
carcinoma of thyroid. 

Muscle abnormalities, in Graves' disease, 227 
in hypothyroidism, 281 

Myosin heavy chain, T3 effect on, 110t, 111 
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Myxedema, autoimmune thyroiditis and, 279, 280 
definition of, 274 
iodide-induced, 279 
pretibial, Graves' disease and, 221, 227, 222 

Myxedema coma, 288-289 
Myxedematous cretinism, 143, 144t 

NEI. See Nonextractable iodine. 
Neonatal hypothyroidism, 303-306. See also Hypo-

thyroidism. 
diagnosis of, 304-305 
drug-induced, 304, 304t 
etiology and incidence of, 303-304, 304t 
therapy for, 305-306 

Neonatal thyrotoxicosis, 313, 313-314, 314. See also 
Thyrotoxicosis. 

Nerve deafness. See Pendred's syndrome. 
Nervous type cretinism, 143, 144t 
Neurologic disorders, in Graves' disease, 220-221 
Neuromuscular disorders, in Graves' disease, 226 
Nitrogen balance, thyroid hormone effect on, 98 
NMR. See Nuclear magnetic resonance imaging. 
Nonextractable iodine, production of, 82 
Nuclear initiation hypothesis, 102 
Nuclear magnetic resonance imaging, 159 
Nuclear receptors, and T3 action, 103, 103-107, 

104t, 105, 106t 
evidence for, 107-110 

Ocular disorders, in Graves' disease, 220, 220, 222-
226, 223t, 224t, 225. See also Exophthalmos. 

Oligosaccharide chains, in thyroglobulin, 15, 16 
Orphan-Annie eye, 163, 164 
Oxygen consumption, thyroid gland and, 95-96 

Painless thyroiditis, 183-188 
Palpation, of thyroid gland, 7 
Papillary carcinoma, 162, 163, 164. See also Thy

roid malignancy (ies). 
fine needle aspiration for, 156, 757, 157t 
treatment of, 165-167, 166, 166t 

Parafollicular cells, 1-2 
embryology of, 13 

Parathyroid glands, 3, 3, 4 
Pendred's syndrome, 26 
Perchlorate, 21. See also Potassium per chlor ate. 
Percussion, of thyroid gland, 8 
Peroxidase activity, in thyroglobulin iodination, 22, 

23 
Phagolysosomes, 2 
Pharynx, in evolutionary origins of thyroid, 12 
Pituitary gland, thyroid hormones and, 100 

TSH secretion and, 49, 49-50 
Pituitary growth hormone, 100 

T3 and, 110t, 110-111 
thyroid hormones and, 93 

Pituitary hypothyroidism, 287 
TSH secretion in, 46, 46 

Pituitary tumors, TSH secretion and, 47t, 47-48, 
48t 

Placental transfer, 299-300, 300t 
Plasma, iodothyronines in, 65-66 

Plasma binding proteins, 66t, 66-68, 67, 68t. See 
also Thyroxine-binding globulin; Thyroxine-
binding prealbumin. 

albumin as, 68, 68t, 69 
conditions affecting, 126, 126t 
general considerations for, 82-83 
in animal species, 68 
in cerebrospinal fluid, 72 
in nonthyroidal disease, measurement of, 134-135 
thyroid function testing and, 125t, 126-131, 729, 

130 
Plasma-exchange, for thyroid storm during preg

nancy, 311 
Plummer's disease. See Toxic nodular goiter. 
Post-partum hyperthyroidism, 249 
Post-partum hypothyroidism, 311 
Post-partum thyroiditis, 191, 191t, 201-202, 315. 

See also Autoimmune thyroiditis. 
Post translational processing, 28 
Potassium perchlorate. See also Perchlorate. 

for hyperthyroidism, 239 
Potassium perchlorate "flushing" test, 199, 203 
Prednisone, for subacute thyroiditis, 187 
Pregnancy, 292-317 

autoimmune thyroid disease and, 202 
BMR during, 293-294 
goiter prevalence during, 292-293 

iodine intake and, 293 
hepatic proteins during, 294 
hyperthyroidism and, 230 

management of, 248-249 
hypothalamic-pituitary-thyroid axis during, 296-

297 
hypothyroidism and, 300 

maternal, 300-303 
diagnosis of, 302t, 302-303 
in previously hypothyroid women, 301, 302 
pregnancy outcome in, 300-301 
spontaneous abortion and, 301 
thyroid hormone therapy and, 303 

neonatal, 303-306 
diagnosis of, 304-305 
etiology and incidence of, 303-304, 304t 
therapy for, 305-306 

iodine intake during, 293 
neonatal thyroid function and, 297-298, 298 
placental transfer and, 299-300, 300t 
plasma protein binding in, 128 
radioiodine thyroid uptake during, 293 
subacute thyroiditis and, 188 
TBG levels during, 66, 294 
thyroid carcinoma and, 315, 317 
thyroid function during, 292 

laboratory tests of, 295, 295-296 
thyroid nodule and, 315 
thyrotoxicosis and, 306-317. See also Hyperthy

roidism. 
fetal, 315, 316 

radioactive iodine and, 312 
maternal, 306-313 

diagnosis of, 306-307 
Down's syndrome and, 306 
etiology of, 306 
fetal loss and, 306 
long-term management for, 313 
radioactive iodine and, 311-313 
thionamide therapy and, 307-310. See also 

Thionamide therapy. 



Pregnancy (Continued) 
thyrotoxicosis and, maternal, thyroid storm and, 

311,315,316 
neonatal, 313, 313-314, 314 
post-partum thyroiditis and, 315 

thyroxine production during, 294-295 
TSH during, 296-297 

Prevertebrates, evolution of thyroid effector system 
in, 91-92, 92t 

Prohormone. See Thyroglobulin. 
Prolactin, hypersécrétion of, in primary hypothy-

roidism, 45, 45 
TRH stimulation of, 54-55, 55 

Proloid therapy, for hypothyroidism, 284t, 286 
Propranolol, during pregnancy, 310-311 

for hyperthyroidism, 241 
for neonatal thyrotoxicosis, 314 
for subacute thyroiditis, 188 
for thyroid storm, 250 

during pregnancy, 311 
preoperative, 247 

Propylthiouracil, 80-81, 81t, 231, 231-232. See also 
Antithyroid drugs. 

during pregnancy, 249, 307-310 
breast feeding and, 309 
complications of, 307, 308, 308, 309 
dosage for, 307-308 
fetal effects of, 308 
long-term effects of, 309-310 

for neonatal thyrotoxicosis, 314 
for thyroid storm during pregnancy, 311 
starting dosage for, 233 

Prostaglandins, TSH and, 33-34, 35 
Protein-calorie malnutrition, thyroid abnormalities 

and, 145 
Protein kinase, TSH binding and, 32-33, 34, 35 
Proteins. See also Plasma binding proteins. 

hepatic, during pregnancy, 294 
metabolism of, thyroid hormone effect on, 98-99 

Proteoglycans, thyroid hormones and, 100 
Prothyroid hormone synthesis, 14-20, 15. See also 

Thyroglobulin, prothyroid hormone synthesis 
and. 

Psammoma bodies, in papillary carcinoma, 163 
PTU. See Propylthiouracil. 
Puberty, goiter formation during, 147 
Pulmonary function, thyroid hormones and, 100 
Pyramidal lobe, 3, 5 

embryology of, 13-14 

Radiation therapy, as risk factor for malignancy, 
153-154 

for follicular carcinoma, 167 
for subacute thyroiditis, 188 

Radioactive iodine. See also Thyroid malig
nancy (ies), treatment of. 

age considerations for, 244 
disadvantages of, 243, 243-244 
for follicular carcinoma, 167 
for hyperthyroidism, 241-247 

due to toxic nodular goiter, 264 
for thyroid carcinoma, 165 

papillary carcinoma and, 166 
gonadal dose of, 311-312 
125I as, 242t, 246-247 
131I as, 242t, 242-246, 243 

Radioactive iodine (Continued) 
indications for, 244 
practical considerations for, 242-243 
pregnancy and, 248 
treatment considerations for, 244-246, 246 

Radioactive iodine uptake, 135-136 
during pregnancy, 293 
in diagnosis of Graves' disease, 229-230 
neonatal, 299 

Radioimmunoassay, 125t, 127. See also Thyroid 
function test(s). 

for human TSH, 42-43 
in hypothyroidism diagnosis, 281-282 

Radioisotopic thyroid imaging, 156-158, 158 
Radionuclide scanning, 8-9 
Radioreceptor assays, for TSH, 43 
Radiothallium scan, 159 
Refetoffs syndrome, 126, 278 

resistance to thyroid hormones in, 214 
TSH assay for, 133 

Renal function, thyroid hormones and, 101 
Reserpine, for hyperthyroidism, 240-241 

for thyroid storm, 250 
Resin uptake test, 129, 129, 130, 130, 295 
Respirometer, Benedict-Roth, 91 
Reverse T3, 124-125, 128 
RIA. See Radioimmunoassay. 
Riedel's thyroiditis, 208-212. See also Thyroiditis. 

clinical features of, 209-210, 210t 
definition of, 208 
diagnosis of, 210-211 
etiology of, 208-209 
incidence of, 208 
laboratory findings in, 210 
pathology of, 210, 21 It 
prognosis for, 211-212 
treatment of, 211 

RNA. See also Messenger RNA. 
thyroid hormone effect on, 110 

Roentgenography, 8 
rT3. See Serum reverse T3. 
RT3U test. See Resin uptake test. 

Salmon, in Lake Erie, goiter prevalence in, 146, 
147 

thyroid hormones in, 91 
Serum albumin, 66. See also Albumin. 

binding affinity of, 65, 68, 68, 68t, 74 
Serum cholesterol, as test of thyroid function, 137 
Serum creatinine phosphokinase, as test of thyroid 

function, 137 
Serum reverse T3, 125t, 128 
Serum T3, 125t, 126-128, 127 
Serum T4, 125t, 126 
Serum te trac, 65 
Serum thyroglobulin, 125t, 135 

in thyroid carcinoma follow-up, 168 
Serum thyroxine, 69 

during pregnancy, 295, 295 
in diagnosis of Graves' disease, 228-229 

Serum triiodothyronine, 65 
during pregnancy, 295, 295 
in diagnosis of Graves' disease, 228-229 

Serum TSH assays, 125t, 131-134, 132 
Sheehan's syndrome, 275 
Silent thyroiditis, 183-188. See also Thyroiditis, 

subacute, lymphocytic. 
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Silverman needle biopsy, for autoimmune thyroidi
tis, 202 

Sodium iodide, for thyroid storm during pregnancy, 
311 

Sodium ipodate, for neonatal thyrotoxicosis, 314 
Sodium levothyroxine, for hypothyroidism, 283-

285, 284t. See also Thyroxine therapy. 
Solitary thyroid nodule, during pregnancy, 315 

management of, 159-162, 160 
Somatostatin, in TSH response to TRH, 53t, 54 
Soybean milk, goitrogenic action of, 146 
Sporadic goiter, 147 
Steroid therapy. See also Corticosteroids; Glucocor-

ticoids. 
TBG levels and, 66-67 

Stress, as factor in Graves' disease, 219 
Struma ovarii, hyperthyroidism and, 271 
Subacute pseudogranulomatous thyroiditis, 179— 

188. See also Thyroiditis, subacute. 
Hashimoto's thyroiditis vs., 187 

Sulfoconjugation, 82 
Suppurative thyroiditis. See Thyroiditis, infective. 

T3. See Triiodothyronine. 
T4. See Thyroxine. 
T lymphocytes, in autoimmune thyroiditis, 192-194, 

795, 196 
in Graves' disease, 216-217, 217 

Tadpole, thyroid hormone effects on, 92, 92t 
Tapazole. See Methimazole. 
TBG. See Thyroxine-binding globulin. 
TBII. See Thyrotropin-binding inhibitory immuno-

globulin. 
TBPA. See Thyroxine-binding prealbumin. 
Technetium, 9, 21, 136. See also Radionudide scan

ning. 
Teleosts, thyroid effector system evolution in, 9 1 -

92, 92t 
Tetrac, formation of, 82 

serum concentrations of, 65 
Thermogenesis, ADP in, 96 

ATP in, 96 
hormone-induced, 95-97 

molecular basis of, 115-116, 116 
Thermography, thyroid, 10 
Thiocyanate, 21 
Thionamide therapy, 231, 231-232. See also Anti-

thyroid drugs. 
during pregnancy, 307-310 

breast feeding and, 309 
complications of, 307, 308, 308, 309 
dosage for, 307-308 
fetal effects of, 308 
long-term effects of, 309-310 

Thiouracils, 231, 231. See also Antithyroid drugs. 
Thiourea, 231, 231. See also Antithyroid drugs. 

goitrogenic action of, 146 
Thymus gland, enlarged, in autoimmune thyroiditis, 

201 
Thyroglobulin, 11 

assay for, 168 
biosynthesis of, 27, 27-28 

congenital defects and, 28, 29, 30t, 31 
degradation of, 19, 19-20 
membrane recognition and, 19 
molecular biology of, 26, 26-28, 27 

Thyroglobulin (Continued) 
prothyroid hormone synthesis and, 14-20, 15 

endocytosis and, 17, 18-19, 19 
exocytosis and, 16, 17, 18, 18 
glycosylation and, 15-16, 16 
lysosomes and, 19, 19-20 
preprothyroid hormone synthesis and, 15 
thyroid secretion and, 20 

structure of, 26, 26-27 
synthesis, histogenesis of, 1 

Thyroglobulin therapy, for hypothyroidism, 284t, 
286 

Thyroglossal duct cyst, 5 
Thyroid acropachy, in Graves' disease, 220, 221 
Thyroid antibodies, 135 
Thyroid biopsy, 156 

for solitary thyroid nodule, 161 
Thyroid cysts, palpation of, 7-8 

ultrasonic imaging of, 158 
Thyroid dysgenesis, 304 
Thyroid function test(s), 124-137, 125t 

during pregnancy, 307 
BMR for, 293-294 
laboratory tests for, 295-296, 302t, 302-303 
radioactive iodine uptake for, 293 
TBG in, 294-295 

fetal, 297-298 
for cretinism, 277-278 
for hyperthyroidism, autonomous functioning thy

roid nodules and, 263 
for hypothyroidism, 281-282 
in vitro, 124-135, 125t 

circulating thyroid hormones and, 124-125 
in nonthyroidal disease, 134-135 
plasma protein binding and, 126-131, 729, 130 
serum reverse T3 as, 128 
serum thyroglobulin as, 135 
serum TSH assays as, 131-134, 132 
thyroid antibodies and, 135 
total serum T3 as, 125t, 126-128, 727 
total serum T4 as, 126, 126t 

in vivo, 135-137 
neonatal, 298-299, 299, 299t 

Thyroid gland, anomalous anatomy of, 4-6, 5, 6 
goiters and, 6 
lingual thyroid as, 5, 5 
physical examination of, 8 
thyroid rests as, 5-6, 6 

auscultation of, 8 
embryology of, 13-14, 14 
etymology of, 1 
evolutionary origins of, 11-13, 72, 13 
function testing for, 124-137. See also Thyroid 

function test(s). 
gross anatomy of, 2-4, 3, 4 

blood supply and, 3, 3 
lymphatic drainage and, 3-4, 4 
nerve supply and, 4 

histogenesis of, 1 
histology of, 1-2, 14, 14 
morphology of, 12-13, 13 
oxygen consumption and, 91 

evolutionary considerations in, 92 
physical examination of, 6-8 

auscultation in, 8 
inspection in, 7 
palpation in, 7-8 
percussion in, 8 



Thyroid gland (Continued) 
vertebrate, 11-13, 12, 13 
weight of, B mode ultrasonography estimation 

for, 9 
Thyroid hormone binding proteins. See Plasma 

binding proteins. 
Thyroid hormone suppression, for solitary thyroid 

nodule, 160-162 
Thyroid hormone therapy, CNS response to, 95 

for cretinism, 144-145, 303 
for goiters, 148-149 

evaluation of, 149 
for papillary carcinoma, 166 
for primary hypothyroidism, 44 
pregnancy and, 303 
T3 determinations as follow-up for, 127-128 

Thyroid hormones. See also Thyroxine; Triiodothy -
ronine. 

biosynthesis of, 11-35 
evolutionary origins and, 11-13, 12, 13 
iodide transport and, 20-22, 21 

Wolff-Chaikoff effect and, 22 
iodination and, 22 
iodoaminoacid biosynthesis and, 22-23, 23-26, 

25-26 
antithyroid drugs and, 25-26 
congenital defects in iodination and, 26 
thyroid peroxidase and, 25, 25 

prothyroid hormone synthesis and, 14-20, 15. 
See also Thyroglobulin, prothyroid hormone 
synthesis and. 

TSH action and, 29-35. See also Thyroid-stim
ulating hormone. 

cardiovascular system function and, 99-100, 101 
catecholamine interaction with, 100, 101-102 
cellular resistance to, TSH level and, 133 
CNS function and, 101 
control system for, 28-29. See also Hypotha-

lamic-pituitary-thyroid axis. 
distribution of, 65-74 

in blood and tissues, relationship between, 7 1 -
74 

in plasma, 65-68 
multiple equilibrium state in, 68, 68-71, 70 
plasma binding proteins in, 66t, 66-68, 67, 68t. 

See also Plasma binding proteins. 
evolutionary origins of, 13 
fetal, 297-298, 298 
free, during pregnancy, 295-296 
glycosaminoglycans and, 100 
hematopoietic system and, 101 
in amniotic fluid, 298, 298 
kinetic parameters of, 72-74 
metabolism of, 74-83 

deamination in, 82 
decarboxylation in, 82 
deiodination reactions in, 78-81, 79, 80, 81t 
general patterns in, 74-76 
glucuronidation in, 81-82 
oxidative deiodinative processes in, 82 
quantitation of, 76-78 
sulfoconjugation in, 82 

molecular mechanisms of, 102-111 
extranuclear T3 receptors in, 109-110 
mRNA in, 112, 113, 114t, 114-115 
nuclear initiation hypothesis in, 102 
nuclear receptors in, 102-110 
thermogenesis and, 115-116, 116 

Thyroid hormones (Continued) 
pituitary function and, 100 
placental transfer of, 299-300, 300t 
proteoglycans and, 100 
pulmonary function and, 100 
renal function and, 101 
resistance to, 214. See also Refetoff s syndrome. 
secretion of, 20 
skeletal system and, 101 
thyroid function tests and, 124-125. See also Thy
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Thyroid peroxidase, 25, 25 
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for subacute thyroiditis, 188 
subtotal, 247t, 247-248 

complications due to, 247t, 247-248 
indications for, 247 

thyroid storm and, 226 
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incidence of, 262-263 
thyroid testing for, 262, 263 
treatment for, 263-264 

pregnancy and, 306 
TRAb. See Thyrotropin receptor antibodies. 
Trachea, position of, 8 
Transthyretin. See Thyroxine-binding prealbumin. 
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TSH. See Thyroid-stimulating hormone. 
TU. See Thiouracils. 
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Vagus nerve, 4 
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