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Serum T, and T5 concentrations after administration of L-
tritodothyronine (50 ug).

thyroid, one might question whether this preparation should
be used as often as it is, even though in practice many pa-

ts have been well managed for years with desic-
'ed thyroid.

L-Triiocdothyronine {Fig. 2): The routineclinical use of T,
as therapy for hypothyroidism should be discouraged in view
of the marked elevation in serum T, concentration which
occurs within hours after its ingestion, even though it is not
clear that such high serum concentrations are harmful. Ob-
viously, serum T, concentration remains low in these T;-
treated patients. Furthermore, since T5 is generated from T,
peripherally, it is not necessary to provide T, exogenaously. L-
triiodothyronine administration is useful in certain clinical
situations, however.

(1) To rule out hyperthyroidism, 75 to 100 ug of T, is
administered daily for approximately two weeks, and the
serum T, concentration is measured before and after the last
dose of T3 In normal subjects, TSH is suppressed by Tj
resulting in thyroid suppression and secretion of T, and a
marked decrease in serum T4 concentration. in hyperthyroid
patients, TSH is already suppressed and a further increment
in T, will not suppress the hyperfunctioning thyroid and the
serum T, concentration will not decrease.

(2) To determine whether patients who have been
treated with thyroid hormone for long periods of time are
euthyroid or hypothyroid, the thyroid medication is replaced
by 100 ug of T, daily, and the serum T, concentration is
measured four weeks later. if the serum T, is essentially
undetectable, the patient has underlying hypothyroidism,
whereas a decreased but higher serum T, concentration

1g/d!) indicates normal underlying thyroid function."
'5(3) T5 may be substituted for T, containing preparations
in hypothyroid patients previously operated on for thyroid

carcinoma. To determine whether residual thyroid tissue or
functioning metastatic tumor is present, the T, is abruptly
discontinued. Due to the more rapid half-life of T, the serum
TSH will rise more quickly, stimulating residual tissue to
concentrate radioiodine, and avoid a more prolonged symp-
tomatic period of hypothyroidism.

(4) Since the major active thyroid hormone, T,, is pri-
marily derived from the peripheral deiodination of T, and T,
deiodination is markedly impaired in patients with a wide
variety of severe ilinesses, it might be rationai to use T; to
treat hypothyroid patients in whom systemic iliness develops
and thereby maintain adequate concentrations of T, In
practice, however, this hypothesis has not been tested, and
T, therapy may not be necessary since T, probably has meta-
bolic activity without conversion to T5. Furthermore, as will
be discussed subsequently, myxedema coma is well treated
with infravenous L-thyroxine.

Synthetic T,:T; Combinations (Fig. 3): The major reason
for combining synthetic L-thyroxine and L-triiodothyronine
into one tablet was to provide both T, and T,in the ratio most
consistently observed in desiccated thyroid since it was
believed that the thyroid was the only source of T,. This syn-
thetic combination does provide a consistent quantity of T,
and Ty and usually resultsin anormal serum T, concentration
when euthyroidism is achieved but resuits in the postabsorb-
tive T, elevations observed after the ingestion of all prepara-
tions containing T,. Furthermore, as described in the fore-
going discussion, the majority of T, is produced from the
deiodination of T,, negating the necessity of providing T,
orally. Although lot variation in T, and T, is far less likely in
the synthetic combination than in desiccated thyroid, thereis
little practical or physiologic reason to use mixtures of T, and
T,

Synthetic L-thyroxine (Fig. 4): it is now generally -ac-
cepted that L-thyroxine is the preferred preparation for
treating hypothyroidism and suppressing nontoxic goiters.
L-thyroxine results in constant serum concentrations of both
T, and T; since the only source of the latter hormone is the
steady peripheral deiodination of T,. The major methodo-
logic problem that occurred with L-thyroxine was a con-
sistent elevation of the serum T, concentration in patients
treated with the older recommended dose of 0.3 mg daily.
This quantity is now recognized to be supraphysiologic,'
and the recommended replacement dose, as reflected in a
normal or suppressed serum TSH concentration, varies from
0.1 to 0.2 mg daily."” The serum T, concentration may be
elevated in some patients receiving 0.2 mg L-thyroxine. The
serum T, concentration in patients receiving physiologic
replacement doses of L-thyroxine usually remains within the
normal range.

Miscellaneous Comments: Although the absorption of
oral L-thyroxine is usually steady and predictable, some
hypothyroid patients with concurrent malabsorption syn-
dromes or cirrhosis require larger doses of L-thyroxine to
maintain the euthyroid state. Hypothyroid patients receiving
L-thyroxine and cholestyramine may aiso require larger
replacement doses of thyroid hormone since cholestyramine
may partially inhibit L-thyroxine absorption. The serum T,
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Serum T, and T; concentrations after administration of
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concentration in patients receiving L-thyroxine therapy and
therapeutic doses of phenytoin sodium (Dilantin) may be
lower than expected since phenytoin sodium induces hepatic
microsomal drug-metabolizing enzymes, enhancing the
biliary excretion of L-thyroxine. Increases and decreases in
the serum thyronine-binding giobulin will result in an appro-
priate increase and decrease in serum T4 and T, concentra-
tions, respectively, in patients who are receiving physiologic
replacement L-thyroxine therapy; however, free T, and T;

concentrations will be normal.
Finally, the serum T; concentration will be decreased in

patients treated with L-thyroxine who have systemic illness
or caloric deprivation, those treated with large doses of
corticosteroids or propranolol, or patients who have recently
received iodine-containing radiocontrast dyes.
Age-Related Variations in Therapy of Hyp<elhyroidism
infancy and Childhood: In view of the many screening
programs for the detection of neonatal hypothyroidism, the
diagnosis of hypothyroidism will more often be made during
the first weeks of life. The incidence of neonatal hypothy-
roidism is approximately 1 in 6,000 to 7,000 births, and early
detection should lead to early treatment to avoid the perma-
nent mental retardation that occurs when treatment is
delayed for months. Once the diagnosis is confirmed, 0.1 mg
of L-thyroxine may be administered intramuscularly daily for
two to three days, followed by maintenance oral doses of
0.05 to 0.1 mg daily for the first year, with gradually increas-
ing doses throughout childhood until the usuat aduit mainte-
nance dose of approximately 0.2 mg of L-thyroxine daily is
achieved.'* As described in the foregoing discussion, mea-
surement of the serum TSH concentration is the most reliable
test of adequate replacement therapy. Obviously, pituitary or

Serum T, and T; concentrations after administration of L-
thyroxine (0.2 mg).

hypothalamic hypothyroidism will require administration oi
cortisol if ACTH deficiency is present, and serum T, concen-
tration will be the best objective test of adequacy of L-
thyroxine treatment.

Old Age: Since hypothyroidism is often discovered fo
the first time in elderly patients in whom coronary arten
disease is prevalent, full replacement doses of thyroic
hormones should not be given initially since angina anc
myocardial infarction may occur. Suboptimal doses of L-
thyroxine (0.025 to 0.05 mg daily) should be given during the
first several weeks and the dose gradually increased, rareiy t¢
exceed 0.1 to 0.15 mg daily. The ECG and serum T, and TSk
concentrations should be carefully monitored. Obviously, i

Table 3

Treatment of Myxedema Coma
T4 T,
200-400 ug 25-30 ug
2. Maintenance |V daily dose 100 ug ~10ug/8 h:
3. Onset of action ~24 hr ~6 hr
(B) Hydrocortisone 100 mg IV g 6 hr initially
(C) Pulmonary assistance for CO,
retention and anoxia
(D) Biankets for hypothermia
(E) Treat precipitating disease
(F) Low dose digoxin if necessary
(G) Avoid
1. Sedatives and narcotics
2. Overhydration

(A) 1. initial IV dose




angina or ECG evidence of ischemia occurs, the dose of L-
thyroxine should be decreased. If the recurrence of the
symptoms of hypothyroidism is disturbing, the dose of L-
thyroxine may again be gradually increased and propranoloi
added to decrease the possible adverse effects of the thyroid
hormones on the heart and reduce the possibility of recurrent
angina.

Myxedema Coma: As outlined in Table 3, the availability
of parenteral L-thyroxine has greatly simplified the manage-
ment of myxedema coma which was almost always fatal
years ago. L-triiodothyronine is not commercially available
for parenteral use, and it would be necessary to prepare a
sterile solution in the faboratory or pharmacy. Since there is
as yet no evidence that L-triiodothyronine is more efficacious
than L-thyroxine parenterally, the latter is at the presenttime
the preferred treatment. Although many authorities recom-
mend much larger starting doses, the frequency of coronary
artery disease in the elderly population prompts us to insti-
tute intravenous therapy with a relative low dose (0.2 mg) of
L-thyroxine. We administer 0.1 mg intravenously daily
thereafter until oral therapy can be given.

Corticosteroids should also be administered since pitui-
tary or hypothalamic hypothyroidism or Schmidt's syndrome
(primary adrenal and thyroid failure} may be present. Fur-
thermore, there is some evidence that hypothyroidism may
result in decreased adrenal synthesis of hydrocortisone and
a decreased stress-induced release of ACTH.

Treatment of the precipitating cause of the myxedema
coma, careful attention to pulmonary problems, the judicious
use of digoxin and other drugs, the avoidance of all sedatives
and narcotics, and careful fluid replacement in view of the
retention of fiuid and hyponatremia commonly observed in
severe myxedema have all contributed to the improvementin
the survival rate in patients with myxedema coma.

To prescribe any drug mentioned in
this article, the readers should consuit
full prescribing information.
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Edited by
Jack H. Oppenheimer, M.D.

Dear Doctor:

This issue of THYROID TODAY contains an article commenting on
the drug, L-thyroxine. In keeping with our announced policy of this
series, no advertisement for any pharmaceutical product will appear.
Nevertheless, as the sponsor of this publication manufactures a brand
of I-thyroxine, it is required by current Federal regulations to provide
full prescribing information on this product. Accordingly, you will find
this printed on the reverse side of this letter.

Sincerely,

Jack H. Oppenheimer, M.D.



SYNTHROID
(Levothyroxine Sodium, USP) FLINT

Synthroid Tablets — for oral admenistration
Synthroid Injection —for parenteral administration after
reconstitution

Description

SYNTHRO!D (levothyroxine sodium) Tablets and
SYNTHRCID for fnjection contain synthetc crysialine ievo-
thyroxine sodium (L-thyroxing}. L-thyroxine 1s the principal
hormone secreted by the normal thyroid gland

.
1

CH2CKCO0Na
!
NH;
|
levothyroxine sodium
Pharmacoiogic Category

SYNTHROID (levothyroxine sodium) Tablets, taken oraily.
provide hormone that is absorbed readily from the gastro-
intestina; tract SYNTHROID Injection s effective by any
parenteral route. Feilowing absorption, the synthetic
L-thyroxine provided by SYNTHROID {levothyroxine
sodium) products cannot be distinguished from L-thyroxine
that is secreted endogenously Each s bound to the same
serum proteins and each exhibits a six 1o seven day circulat-
ing half-ife n the euthyroid iIndividual

Both SYNTHRQID {levothyroxine sodium) products wiil
provide L-thyroxine (T,} as a substrate for physiologic
deiodmaton 1o L-triodothyronine (T} Theretore, patients
taking SYNTHROID {levothyroxine sodium) products will
dermonstrate normat blood levels of L-triodothyronine even
when the thyroid gland has been surgically removed or
destroyed by radioiodine Administration of levothyroxine
sodium aione will resuit In complete physiologic thyrow
replacement

indications and Usage

SYNTHROID {levothyroxine sodium) products serve as
specific replacement therapy for reduced or absent thyrod
function of any etoiogy SYNTHROID (levothyroxine
socdium) Injection can be used intravenously whenever g
rapid onset ot effect is cntical. and either intravenously or
intramuscularly in hypothyroid patients whenever the oral
route I1s preciuded for fong periods of ime

Conlraindications

There are no absolute contraindications to SYNTHROID
{levothyroxine sodium) therapy. Relative contraindications
include acute myocardial nfarction. uncorrected adrenal
insufficiency and thyrotoxicosis (see WARNINGS)

Wamings

Drugs with thyroid hormone activity. alone or together
with other therapeutic agents. have been used for

the treatment of obesity In euthyroid patents. doses
within the range of daily hormonal requirernents are
ineffective tor wergnt reduction. Larger doses may
produce sernous or even hfe threatering maniesta-
tions of toxicity, particularty when given in associaton
with sympathomimetic amines such as those used
for their anorectc effects

Patents with cardiovascular diseases warrant particuiarty
close attention durning the restoraton of normal thyrod
function by any thyroid drug In such cases. low initial
dosage increased siowly by small increments 1s indicated
Occasionaily. the cardiovascular capacity of the patent is
50 comprormised that the melabokc demands of the
normal thyroid state cannot be met. Clinical judgment will
then dictate a less-than-complete restoration of thyrod
status

Endocrine disorders such as diabetes mellitus. adrenal
nsufficiency (Addison s disease). hypopituitansm and
diabetes insipidus are charactenzed by signs and symp-
toms which may be diminished in seventy or obscured by
hypothyroidistn SYNTHROID (levothyroxene scdium)
therapy lor such patients may aggravate the intensity of
previously obscured symploms and reguire appropriate
adjustment of therapeutic measures direcled at these
concomitant disorders

Thyroid replacement may potentiate the effects of
anhcoagulants Patents on anticoagulant therapy shouid
have frequent prothrempin determinations when institut-
ing thyroid replacement to gauge :he need 10 reduce
anficoagulant dosage.

Precautions
Cverdosage with any thyrod drug may produce the signs
and symptoms of thyrotoxicosis. but resistance 10 such
factihous thyrotoxicos:s 1s the generai ruie. With SYNTHROID
{levothyroxine sodium) Tablets, the reilatively stow onset of
acnon murimizes the nisk of overgose but close observaton
in the weeks following institution of a dosage regimen 1s
adwised. Treatment of thyroid hyperactivity Induced by oral
medication i1s confined to nterruption ot therapy for a week.
‘oliowed by remnstitutton of daily therapy at an appropriately
reduced dosage

Close observation of the patient tollowing the adminisira-
uon of SYNTHROID {ievothyroxine sodium) injection is
advised, ang appropnriate agjustment of repeated dosage is
recommended

The 100 mcg {0 t mg} and 300 mcg (0 3 mg) tabiets of
SYNTHROID (levothyroxine sodium) contain FD & C Yellow
No 5 (tartrazine} wrnich may cause allergic-type reactions
{inciuding pronchial asthmaj in certain susceptiple ndvid-
uals Although the overaii incidence of FD & C Yeliow No. 5
(fartrazine) sensitivity in the general population is low, it 1s
frequently seen 10 patients who aiso have aspinn hyper-
senstivity

Adverse reactions
Adverse reactions are due to overdose and are those of
induced hyperthyroicism

Dosage and Administration

For most adults. a finai dosage of 100 mcg (01 mg) to
200 mcg (0 2 mg) of SYNTHROID (levothyroxine sodium)
Tabiets daily will provide adequate thyroid replacement. and
only occagionally will patients require larger doses. Fatiure
to respond adequately 10 a daily oral mtake ot 400 mcg

(0 4 mg) or more s rare and should prompt reconsideration
of the diagnosis of hypothyroidism. speciai investigation of
the patent in terms of malabsorphion of L-thyroxine trom the
gastromntestinal tract or evaluation of patent compliance to
therapy.

The concomitant appearance of other diseases. especially
cardiovascular diseases, usually dictates a replacement
regimen with imital doses smaller than 100 mcg/day
{01 mg)

In otherwise heaithy adults with relatively recent onset of
hypothyraidism. full replacerment doses of 150 mcg (0 15 .
mg) or 200 mcg {0 2 mg) have been instituted immediately
without untoward effect and with good therapeunc response
General expenence. however. favors a more cautious
approach in view of the possible presence ot subclinical
disorders of the cardiovascular system or other endo-
crinopathies

The age and generai physical condition of the patent ang
the seventy and duration of hypothyroid symptoms deter-
mine the starting dosage and the rate of incremental dosage
increase leading to a inal maintenance dosage. In the elderly
patent with long standing disease. evidence of myxede-
matous infitration ana symptomatic. functional or efectro-
cardiographic evidence ot cardiovascular dystunction. the
starting dose may be as little as 25 mcg (0.025 mg) per day
Further incremental increases of 25 mcg (0.025 mg} per
day may te instituied at three 1o four week intervals
depending on patient response. Conversely, otherwise
healthy adults may be started at higher dally doses and
raised 1o a tult replacement dose in two to three weeks
Clearly ¢ s the physician s judgment of the seventy of the
disease and close observation of patent response which
determine the rate and exient of dosage increase.

Approprate laboratory tests are beneticial In monitoring
thyroid repiacement therapy. Although measurements of
normal biood levels of thyroxine in patients on orat repiace-
ment regimens frequently concide with clinical iImpressions
of normai thyroid status, higher than normal levels occur
occasionaily and shouid not be consicered evidence of
overdosage per se. In all cases. cinical impressions of the
well-being of the patient take precedence over laboratory
déterminations of appropriate indwvidual dosage.

Ininfants and children, there is a great urgency to achieve
full thyroid replacement because of the critical importance
of thyrold hormone i sustamning growth and maturation
Desnite the smailer body size. the dosage needed 10 sustain
a full rate of growth. development and generai thriving Is
rghner in the child than in the adult

The recommended darly replacement dosage of levo-
thyroxine sodium in childhood 1s° 0-1 years 9 mcg/kg:

1-5 years: 6 mcg/xg. 6-10 years 4 mcg/kg: 11-20 years
3 mcg/kg Dase 1s administered once dally anly Optimat

maintenance ievels shouid be adjusied individually to obtain
both normai serum iree T, estimates {+.e..iree T, index) ang
Thyroid Stmulating Hormone {TSH) values afier several
weeks of therapy for hypothyroidism. An excepton may be
seen in congenital hypothyrodism where eievateg serum
TSH values may persist for the first 2-3 years of iife despite
normaiization of free T, measurements. In such cases, it
gererally 1s recommended that maintenance of normal
serum iree T, values aione should be considered thera-
peutically sutficient.

In myxedema coma Or Stupor. without concomitant
severe heart disease. 200 to 500 mcg ot SYNTHROID
(levothyroxine scdium; Injection may be adgministereg
intravenously as a solution conlaining 100 meg/ml. DO
NOT ADD TO OTHER INTRAVENOUS FLUIDS. Although
ihe patient may show evidence of increased responsivity
within six 10 aight hours. full therapeutic effect may not be
evident until the following day. An additonal 100 to 300 meg
or more may be given on the secona day i evidence of
significant and progressive improvement has not occurred
tike the orai dosage form, SYNTHROID (levothyroxine
sodium) Injection produces a predictabie increase in the
circulating level of hormone with a long hait-ife This usually
precludes the need for multipie infections but continued
daily admnistration of lesser amounts parenteraly should
be maintained until the patient is fuily capable of accepting
adaiy oral dose. A datly maintenance dose of 50 to 100 meg
parenterally should suthce to maintain a euthyroid state

In the presence of concomitant heart disease. the sudden
admnistration of such large doses of L-thyroxine intra-
venously is Clearly not without its cardiovascular nsks. Under
Such circumstances. intravenous therapy should not be
undertaken without weighing the alternative risks of the
myxedema coma and the cardiovascular disease. Clinical
judgment in this situation May dictate smaiier intravenous
doses of SYNTHROID (levothyroxine sodium) Injection.

SYNTHROID (levothyroxine sodium} injection by intra-
Venous or intramuscuiar routes can be substituted for the
oral dosage form when ingestion of SYNTHROID (levo-
thyroxine sodium) Tablets is precluded for long penods of
ume. The initiai parenteral dosage should be approximately
one halt of the previously established oral dosage of levo-
thyroxine sodium tablets. Close observation of the patient
with increase in dosage as needed. s recommended

How Supplisd

SYNTHROID (levothyroxine sod:um) Tablets are supplied
as scored. color-coded potency-marked tablets in 6 con-
centrations: 25 meg (0025 mg) —orange .. 50 meg (0.05
mg)—white. 100 mcg (C.1 mg)—yellow.. 150 mcg (0.15
mg)—blue. 200 mcg (0 2 mgj—pink... 300 meg (0.3 mg)
—green.

SYNTHROID (levothyroxine sodium) injection 1s lyophiiized

in the final container with 10 mg Mannitol, USP and 0.7 mg

trbasic sodium phosphate anhydrous. pH may be adjusted

with sodium hyadroxide I11s suppled in color-coded 10 mi

vials In 3 concentrations. 100 mcg —blue.. 200 mcg —gray
500 mcg —yeliow

Divections for reconstitution

Reconstitute the iyophilized levothyroxine sodium by asep-
tically adaing 5 m! of 0 9% Sodium Chioride Injection, USP
or Bacteriostatc Sodium Chioride Iniection, USP with Benzyl
Alcohal. only Shake vial lo Insure compiete mixing. Use
immesdiately after reconstitution. Do not add to other intra-
venous fluds Discard any unused portion.
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