





Table 1: Levothyroxine Replacement Dose
and Absorption in Hypothyroid Patients*

1973 and 1974 Reports

1987 Report p Value

Mean replacement dose

of levothyroxine (ug/day) 169 + 66° 112419 (0.001
Mean replacement dose

of levothyroxine (ug/kg

body wt/day) 2.25+0.67* 1.63+0.42¢ (0.001
Mean gastrointestinal

absorption (%) 48+6.8" 81+19 (0.01

*Values are the mean + standard deviation

aValues are from reference 8 ‘“Values are from reference 9 “Values are from reference 13

Suppression of TSH
with Levothyroxine:
Early Studies

In 1967, Reichlin and Utiger
reported the results of treating six
primary hypothyroidism patients
with levothyroxine.” The dosages of
levothyroxine necessary to normal-
ize serum TSH ranged from 150 to
400 pg per day. Textbooks of the
period also recommended replace-
ment doses of 200 to 400 ug of
levothyroxine daily. However, stud-
ies in the early 1970s first demon-
strated normalization of serum TSH
with lower daily replacement doses
of levothyroxine. In 1971, Cotton
and co-workers reported that 25 of
26 patients with primary hypothy-
roidism demonstrated return of
TSH to normal with 200 ug of
levothyroxine daily.® Evered and co-
workers, in 1973, found that 13 of
22 hypothyroid subjects demon-
strated a return of TSH to normal
while being treated with 100 ug of
levothyroxine daily, and no subject
required more than 200 ug daily.” In
a simultaneous study by Stock and
colleagues, reported in the follow-
ing year, the average daily replace-
ment dose of levothyroxine was 169
pg per day, or 2.25 ug/kg body
weight per day.® In a related study,
Surks and co-workers estimated

from the ratio of the daily turnover
and the administered dose that
mean fractional levothyroxine
absorption was 48% .° These studies
suggested that previous recommen-
dations had overestimated the nec-
essary replacement dose of
levothyroxine.

These studies, however, were all
based on the assumption that the
oral preparations of levothyroxine
used contained the stated amount
of medication. Jacobson and col-
leagues were the first to question
this assumption when they
reported that patients treated with
the Synthroid brand of levothyrox-
ine (manufactured by Boots-Flint,
Inc., Deerfield, IL) demonstrated
significantly lower serum T, levels
than when they were treated with
identical doses of the Letter brand
of levothyroxine (manufactured by
Armour, Inc., Blue Bell, PA)."

Suppression of TSH
with Levothyroxine:
Recent Studies

In 1982, the Synthroid brand of
levothyroxine was reformulated. In
1984, Stoffer and Szpunar were the
first to report that many patients
taking the ““new’’ formulation of
Synthroid demonstrated signifi-
cantly elevated serum T, levels."

They suggested, as did Sawin and
co-workers' later that year, that
the “old” Synthroid formulation
manufactured before 1982 actually
contained less levothyroxine than
was stated. The report by Sawin et
al claimed, on the basis of radicim-
munoassay analysis, that the older
Synthroid formulation actually
contained only 70% to 80% of the
stated amount of levothyroxine.
From these data one might argue
that such an underestimation of
the tablet content of levothyroxine
would have led to an overestima-
tion of levothyroxine replacement
dosage and an underestimation of
fractional levothyroxine absorption
in previous reports. However, the
possibility that the reformulation
of the tablet led to a change in the
gastrointestinal absorption had not
been considered, nor were updated
data available regarding the mean
levothyroxine replacement dose.

Accordingly, our group at the
University of Minnesota initiated a
series of studies in 1984 designed
to reassess the replacement dose
and the fractional absorption of
levothyroxine. The results were
recently reported.'” Nineteen
patients with primary hypothyroid-
ism were titrated to the minimum
dose of levothyroxine necessary to
return serum TSH to normal. All
patients had serum TSH concentra-
tions of 20 pU/ml or greater before
treatment. Patients were treated
with the new formulation of Syn-
throid (manufactured after 1982).
The dosage was increased at
monthly intervals in 25 ug incre-
ments until serum TSH was normal.
The mean (+ standard deviation)
replacement dose of levothyroxine
in this group was only 112 + 19 ug per
day, or 1.63 +0.42 ug/kg body
weight per day. The median
replacement dose was 125 ug per
day. These values were considera-
bly lower than those determined in
a similar study carried out in 1874 .°

Iodcthyronine turnover studies
were also performed in five
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patients with primary hypothyroid-
ism and in eight patients with thy-
roid cancer who had previously
been treated with near-total thy-
roidectomy followed by "'l abla-
tion. These patients were studied
while they were receiving their
usual TSH suppressive doses of
levothyroxine. Again, the new for-
mulation of Synthroid was used. To
assess the turnover of T,, the aver-
age of six successive daily serum T,
concentrations was multiplied by
the metabolic clearance rate as
determined by noncompartmental
analysis of the disappearance of *°I-
T,. The absorption of levothyroxine
was calculated from the quotient of
levothyroxine turnover per day and
daily dose of levothyroxine. The
gastrointestinal absorption of
levothyroxine was 93+ 25% in the
patients with primary hypothyroid-
ism and 74 +11% in the patients
with thyroid cancer. These values
were not significantly different and
the results were thus pooled, giving
a mean absorption of levothyroxine
of 81%. This value was clearly
higher than the previous estimate’
made using the older formulation of
Synthroid and similar to the 75%
absorption of radiolabeled thyrox-
ine in hypothyroid patients
reported by Read et al.™

An attempt was also made to
determine whether the reformula-
tion of Synthroid had resulted in a
change in levothyroxine bioavaila-
bility. Analysis of the old, then out-
dated, Synthroid formulation by
high-performance liquid chroma-
tography (HPLC) showed that the
tablets contained 61% of the stated
levothyroxine content. Five hypo-
thyroid patients receiving replace-
ment doses of the new Synthroid
formulation were then treated for
one month with the same average
daily dose of the old Synthroid tab-
lets after increasing the dose to
correct for their diminished
levothyroxine content. The mean
serum free T, index (serum T, multi-
plied by T, resin uptake ratio), free

T, index (serum T, multiplied by T,
resin uptake ratio) and TSH values
that resulted were not significantly
changed during treatment with the
old Synthroid formulation. This
indicated that there was no impor-
tant difference in bioavailability
between the two formulations.
These data and those reported
earlier are summarized in Table 1.
The recent data suggest that earlier
reports significantly overestimated
the mean replacement dose and
underestimated the mean gastroin-
testinal absorption of levothyrox-
ine. Our recent data are in close
agreement with those of Hennessey
and co-workers,** who reported
that in a group of levothyroxine-
treated patients judged to be euthy-
roid on the basis of thyrotropin
releasing hormone (TRH) test
results, the mean ( + standard devia-
tion) replacement dose of levothy-
roxine was 127 + 39 ug per day, or
1.72+0.36 pg/kg body weight per
day. Taking these two recent studies
together, it appears reasonable to
conclude that, using contemporary
preparations, the average replace-
ment dose of levothyroxine is signif-
icantly less than that suggested by
earlier studies. Practicing physi-
cians will thus need to alter pre-
scribing practices accordingly.

Generic Levothyroxine
Preparations

Several studies have demon-
strated that the levothyroxine con-
tent of generic preparations may
vary considerably from that stated
by the manufacturer. For instance,
Stoffer and Szpunar found that one
generic levothyroxine preparation
contained only 57 % of the stated
content.” Dong et al tested nine
preparations and reported levothy-
roxine that ranged from 71% to
127% of the stated content.'” With
this in mind, we attempted to assess
the levothyroxine content of both
major current proprietary brands
and several generic preparations of

levothyroxine in our study.'® Tablets
were pulverized, extracted in

0.01 M sodium hydroxide and ana-
lyzed by high-performance liquid
chromatography. We found that
both proprietary brands (Synthroid
and Levothroid, USV Laboratories)
contained, within 10%, the stated
amount of levothyroxine. Thus, the
deficient levothyroxine content of
the Synthroid brand appeared to
have been corrected by reformula-
tion. Two of the generic prepara-
tions tested (Geneva-Zenith and
Rugby) also contained the stated
amount of levothyroxine within
10%, but one generic brand (Cord)
contained only 34% of the stated
amount. Although we only ana-
lyzed random samples of each prep-
aration, including the Cord
product, our results raise questions
about the conclusion reached by
members of the Food and Drug
Administration who stated that
“the generic drug problem is more
perceived than real.’'®

Serum T, and T, Levels
During Levothyroxine
Replacement Therapy

Since measurement of circulating
hormone levels is a convenient
means of monitoring replacement
therapy, it is important to know the
usual serum iodothyronine concen-
trations when serum TSH has been
normalized. Table 2 summarizes
data from two studies that reported
serum T, and T, levels in patients
with primary hypothyroidism who
were being treated with replace-
ment doses of levothyroxine. While
receiving TSH-normalizing doses of
levothyroxine, many patients in
both studies had elevated serum T,
levels, whereas serum T, concentra-
tions were normal in almost all
patients. Moreover, in our study,”
the mean serum free T, index of the
levothyroxine-treated patients
(11.3 + 1.5 pg/dl) was significantly
greater than the mean free T, index
of a normal population (8.7 +1.1 ug/




Table 2. Serum T, and T, Concentrations in Patients with Primary Hypothyroidism Receiving
Replacement Doses of Levothyroxine*

No. of Mean serum No. of patients with Meanserum  No. of patients with
Study patients T, (ng/dl) elevated value (%) T, (ng/dl) elevated value (%)
1. Pearce, CJ et al 122 10.5+2.4(4.7-11.7) 39(32) 150+24(78-202) 5(4)
Br Med J, 1984
2. Fish, LH et al 19 11.3+1.5(6.5-10.9)** 11 (58) 122 +22 (73-157)*** 1(5)

N EnglJ Med, 1987

* Attained at a time when serum TSH was normal. Values for serum thyroxine and triiodothyronine are the mean + standard deviation; values in parentheses

are for the normal range.

**Values are for free T, index (T, RIA x T, resin uptake ratio).
***Values are for free T, index (T, RIA x T, resin uptake ratio).

dl, p<0.001). In contrast, there was
no significant difference between
the mean serum free T, index of the
levothyroxine-treated patients and
that of normal controls (122 + 22 vs
115 + 21 pg/dl). Thus, in contrast to
what has been proposed by Silva et
al on the basis of animal studies,®
these data suggest that in man pitu-
itary TSH secretion is regulated
primarily by circulating T, rather
than by T,. This concept is particu-
larly appealing since it is the T, level
that determines the metabolic state
of most tissues.

The supranormal levels of serum
T, in levothyroxine-replaced hypo-
thyroid patients may be necessary
to achieve normal circulating T,
concentrations. Our calculations
suggest that approximately 18% of
the total extrathyroidal pool of T, is
normally derived from direct thy-
roidal secretion, ' whereas the
remaining 82 % originates from the
peripheral conversion of T, to T,.
Since in hypothyroid patients thy-
roidal secretion of T, is reduced or
absent, nearly all circulating T,
must be derived from peripheral
monodeicdination of T,, and higher
than normal serum T, concentra-
tions are thus necessary to maintain
normal serum T, concentrations.
Practicing physicians should there-
fore not be surprised by moderately
elevated T, concentrations in

levothyroxine-replaced patients
and should not interpret such
values as indicative of hyper-
thyroidism.

A Practical Approach to
Levothyroxine Replacement
Therapy

There are probably several satis-
factory approaches to thyroid hor-
mone replacement therapy. The
following is one we have adopted at
the University of Minnesota. In
patients with documented hypothy-
roidism we attempt to normalize
the serum TSH concentration by a
progressive increase in the daily
dose of levothyroxine. The initial
starting dose is determined by the
clinical status of the patient. Allow-
ance is made for the weight and age
of the patient, and we assume that
the target replacement dose is
approximately 1.6 ug/kg body
weight.”” When the patient is young
and shows no evidence of signifi-
cant cardiac disease, we start treat-
ment with a dose designed to fall
just short of the estimated final
replacement dose.

For example, in the case of a
30-year-old 70 kg woman, we would
initiate treatment with a levothy-
roxine dose of 100 pg/day and
recheck the serum free T, index,
free T, index and TSH in approxi-

mately 4 weeks. If the TSH is still
above the normal range, an addi-
tional 25 ug/day of levothyroxine is
added to the dose and the TSH
concentration rechecked in one
month,

If, on the other hand, the TSH
value is below the normal range
with a sensitive TSH assay, we
might choose to reduce the dose to
75 ug/day to make certain that we
have not overestimated the replace-
ment dose. In general, titration of
the levothyroxine is carried out
with increments or decrements of
25 ug/day at monthly intervals to
allow equilibration. We do not find
it necessary to split the 25 pg tablet
in an attempt to “‘fine tune’’ the
serum TSH.

If the patient is elderly, we
assume that the final replacement
dose will be somewhat lower than
that of younger patients. This has
been shown by several investiga-
tors,?#2 and on the basis of the early
observations of Gregerman,® one
can estimate that at age 80 the
levothyroxine replacement dose
will be one half the dose at age 20.
We also start patients with underly-
ing cardiovascular or cerebrovascu-
lar disease on a lower initial dose of
levothyroxine, sometimes as little
as 25 pg/day. This practice is based
largely on the traditional fear that
rapid correction of the hypothyroid
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state will predispose such a patient
to a myocardial infarction. How-
ever, this consideration developed
at a time when treatment with des-
iccated thyroid was standard, and
it is difficult retrospectively to
rule out the possibility that the
clinical incidents noted might have
occurred as a result of an underesti-
mation of the thyromimetic content
of this particular preparation. Simi-
lar problems might not arise with
avothyroxine since that prepara-
on is better standardized and

ore accurately monitored. How-

21, these considerations remain

. oretical. There have been no

- studies that challenge the
time-honored convention of raising
the dose of thyroid hormone slowly
in cardiac patients. We do not in
general attempt to keep final TSH
levels higher in these patients than
in patients without underlying
cardiovascular disease. Other physi-
cians may deliberately underre-
place patients with angina pectoris
in the hope of reducing the severity
of their cardiac symptoms. Such a
policy, however, carries the risk
of aggravating any underlying
hyperlipidemia.

Once we have established the
levothyroxine dose that lowers the
TSH level from the elevated into
the normal range, we note the con-
comitant serum T, and T, concen-
trations and follow the patient at
yearly intervals with all three mea-
surements. Note that with the
introduction of the more sensitive
TSH assays, the serum TSH concen-
trations may vary somewhat from
time to time. Subsequent TSH val-
ues may even occasionally exceed
the normal range or fall into the
suppressed range (Figure 2). We
tend to disregard such minor per-
turbations of the TSH as long as the
serum T, and serum T, concentra-
tions are in reasonable accord with
the initial values. As discussed ear-
lier, the levels of serum T, are often
modestly elevated, which we
believe is appropriate.
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Figure 2. Serum TSH concentrations over 6 days in five patients in whom levothyroxine had been titrated
to produce normal TSH concentrations. Samples were obtained 3 to 6 months after the initial titration
and assayed with a sensitive TSH assay. Values are shown on a log scale; the normal range for TSH is
shown by the hatched area. Each set of connected points represents values from a single patient. Only
one of the five patients had values within the normal range on all determinations.

(Reprinted with permission from reference 13.)

Central Hypothyroidism

Patients with central hypothy-
roidism constitute only about 5% of
the total population of hypothyroid
patients, the remaining 95% having
primary thyroid failure. The diag-
nosis and management of hypothy-
roidism in patients with pituitary or
hypothalamic failure present a
more complex problem, primarily
because of the lack of utility of
serum TSH in these situations. The
level of TSH in such patients may be
reduced, normal or slightly ele-
vated (see review by N. Gesundheit
and B. Weintraub, Thyroid Today,
Vol. X, No. 1, 1987), the normal and
raised values presumably repre-
senting hormone with reduced
biologic potency due to defects in
its glycosylation pattern. Thus, the
diagnosis of central hypothyroidism
must be based on lowered levels of
circulating iodothyronines, clinical
symptomatology and the associated
endocrine, radiologic and neuro-
logic findings. Treatment goals

should be to return serum T, to the
normal range and to raise serum T,
into the upper portion of the nor-
mal range or modestly elevated
range (9.0-12 pg/dl).

Special Considerations

Patients receiving levothyroxine
replacement therapy who become
seriously ill and cannot take oral
medications present a special prob-
lem. Because of the long half-life of
levothyroxine, it is probably accept-
able to simply omit the medication
for 1 or 2 days. Subsequently,
replacement therapy can be insti-
tuted either by giving crushed
levothyroxine tablets through a
nasogastric tube or by giving intra-
venous levothyroxine. If the intra-
venous route is chosen, 80% of the
usual dose should be given since the
most recent data suggest that oral
levothyroxine is about 80%
absorbed.?

Care should be taken to differen-
tiate suppressive from replacement




levothyroxine therapy. In patients
with differentiated thyroid carci-
noma, and perhaps in some patients
with goiter, it may be desirable to
completely suppress circulating
TSH. Such total suppression will
require larger doses of levothyrox-
ine than simple replacement ther-
apy. In the study of Hennessey et
al, the mean TSH suppressive dose
of levothyroxine was 154 + 30 ug
per day, or 2.14 + 0.40 ug/kg body
weight per day, whereas the
replacement dose of levothyroxine
was only 127 +- 39 ug per day, or
1.72 + 0.36 nug/kg body weight per
day."” TSH suppression in this study
was documented by an absent TSH
response following TRH administra-
tion. TSH suppression might also be
documented by demonstrating
lower than normal circulating TSH
levels using one of the new, sensi-
tive TSH assays (see review by C.
Spencer, Thyroid Today, Vol. IX,
No. 2, 1986), perhaps eliminating
the need for a TRH test. However,
the criteria used to document TSH
suppression are arbitrary and the
ability to measure a response is
limited by the sensitivity of the
assay. Thus, an older, less sensitive
TSH assay may not detect a rise in
TSH following TRH whereas a
newer, more sensitive assay would
detect such an increase. Moreover,
the situation is made more uncer-
tain because we simply do not
know at this time the minimal level
of TSH required to stimulate the
thyroid gland.

Finally, it may occasionally be
desirable to discontinue levothyrox-
ine therapy in patients who have
been receiving it for uncertain indi-
cations to determine if it is truly
necessary. If such a patient does
indeed have primary hypothyroid-
ism, serum T, will, of course, even-
tually become subnormal and
serum TSH will rise. If, however,
the patient subsequently proves to
be euthyroid, he or she may still
experience a decrease in serum T,
and T,, reaching a nadir that may be

subnormal about 2 weeks after the
levothyroxine has been discontin-
ued.* Serum TSH may remain sup-
pressed at this point. Serum T,, T,
and TSH will all eventually return
to normal but may take from 4 to 6
weeks to do so. It is thus our prac-
tice to wait at least 4 weeks after
levothyroxine has been discontin-
ued before reassessing thyroid func-
tion. An alternate method of
determining the need for levothy-
roxine replacement therapy is to
discontinue it and place the patient
on 100 ug of T, daily. If, after1
month of T, therapy, the serum T,
concentration is 1.5 ug/dl or greater,
the patient will almost always prove
to be euthyroid.” If, on the other
hand, the serum T, is less than 1.5
pg/dl, the patient will aimost
always prove to be hypothyroid.
This method offers the advantage
of avoiding a period of symptomatic
hypothyroidism. Rather than
employing either of these
approaches, however, it may be
preferable to simply continue the
patient on levothyroxine and
accept the lack of certainty that is
truly necessary.
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