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A radioimmunoassay for measuring free thyroxine in plasma was introduced by
Amersham using a |-125-labeled T, derivative that does not bind significantly to
the thyroxine-binding proteins. We evaluated this RIA for its clinical utility In as-
sessing 278 patients with thyroid and nonthyroidal diseases. The precision of the
Amerlex free T, assay, expressed as coefficient of variation, was 20% at 0.16
ng/dl, 6.9% at 0.55 ng/dl, 4.2% at 1.08 ng/dl, 5.3% at 2.29 ng/dl, and 6.3% at
3.18 ng/dl. A reference range for free T, was established as 0.68-1.8 ng/dl, n =
171. The correlation coefficients (r) of a dialysis method and a free thyroxine index
were 0.871 and 0.911, respectively. Free T, correctly classified 98 % euthyroid,
92% hypothyroid, 100 % hyperthyroid, 100% euthyrold with elevated TBG, and
87 % of phenytoin patients. In addition, 80 patients with acute nonthyroidal lliiness
were studied. Most of these patients have normal to low free T,, very low T3, and
elevated rTs. We found this free T, assay to be precise, easy to perform, and reli-

able in classifying thyrold status in most patients.
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In human plasma there exists a dynamic equilibri-
um between thyroxine (T,) in the free state, thyroxine
in the bound state, and three transporting proteins:
thyroxine-binding globulin (TBG), thyroxine binding
prealbumin (TBPA), and albumin (Alb) (1). The cor-
responding affinity constant of T4 to TBG is 2 X 10'0/M,
to TBPA is 2 X 108/M, and to albumin is 2 X 106/M
(2). In normal healthy euthyroid subjects, only 0.03%
of serum total thyroxine is “free” or not protein bound
(3). The proportion of free T, varies inversely with the
binding affinity and concentration of unoccupied protein
binding sites, principally TBG and to a lesser extent
TBPA. While it represents a small percentage of the
total, it is the free fraction of T, that can enter the cell
and bind to the intracellular receptor leading to protein
synthesis and thyroid hormone action (4). Therefore, the
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concentration of free T, best reflects the thyroid status
of the patient.

Traditionally, free T4 has been measured by equilib-
rium dialysis, which is time-consuming, technically
somewhat demanding, and not widely used in routine
clinical laboratories. Several dialysis methods have been
published (5-9), differing in the sample dilution and the
method for eliminating contaminants before and after
dialysis. The free-T4 concentration measured by these
procedures appeared to give different results (10).
Nevertheless, equilibrium dialysis has been considered
the reference method for free-T4 measurement.

A free thyroxine index, the product of a total thyroxine
(T4) and a tri-iodothyronine resin uptake (T3RU) (FTI
= T4 X T3 uptake), is often used as a substitute for the
direct measurement of free T4. However, many extra-
thyroidal factors such as drugs, hormones, genetic fac-
tors, pregnancy, and hepatic and renal diseases may in-
fluence the expected value for T3RU (/7). Recently,
several investigators suggested that a free-thyroxine
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FIG. 1. Standard curve of Amerlex free T,.

index using a TBG assay (FTI-TBG = T4/TBG) is su-
perior in some respects to the FTI-T;RU (12-14).
However, Szpunar et al. reported abnormal FTI-TBG
results in a group of clinically euthyroid patients (15).

Commercial RIAs for the estimation of free T, in-
clude Corning Immuno Phase free T4 RIA (16), Damon
microencapsulated antibody free T4 assay (17), and the
Clinical Assays’ Gamma coat free T4 RIA (18). Con-
troversies concerning these three assays were reported
from various laboratories (/19-25). Recently, a free T,
RIA using a I-125-labeled T, derivative was introduced
by Amersham as Amerlex free T,4. Since the derivatized
T4 does not bind significantly to the natural binding
proteins, the perturbation of the equilibrium between
free and bound T, is minimal. A high-affinity antibody
is used in small amounts, which binds both T4 and the
T, derivative to provide good sensitivity.

We evaluated this method for its analytical perfor-
mance and its clinical utility in the assessment of patients
with hypothyroidism, euthyroidism, hyperthyroidism,
abnormally elevated binding proteins, phenytoin treat-
ment, and acute nonthyroidal illnesses. The results were
also compared with conventional thyroid function tests,
e.g., T4, T3RU, T3, TSH, and rTs.

MATERIALS AND METHODS

Samples for the determination of reference values
were collected from 80 normal healthy volunteers during
pre-employment screening, and from the 91 euthyroid
patients in group 1 (see below). Six groups of patients,
with a total of 278, were studied. Group 1 consisted of
92 euthyroid patients who were seen in the clinic or ad-
mitted to the hospital for nonthyroidal illness or illness
not known to influence thyroid function tests. They had
no evidence of thyroid disorder by physical examination
and laboratory evaluation. Group 2 included 23 patients
with typical manifestations of hyperthyroidism, and the
diagnosis was further established by elevated serum T,
and T3, and Tc-99m uptake by the thyroid. They had no
severe complications from thyrotoxicosis. Group 3 was
comprised of 26 hypothyroid patients whose clinical
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TABLE 1. PRECISION OF THE AMERLEX
FREE T,
Mean
N ng/dl sd. cv
Hypothyroid 30 0.16 0.031  20%
Hypothyroid 22 0.55 0.038 6.9%
Euthyroid 30 1.08 0.045 4.2%
Hyperthyroid 30 2.29 0.121 53%
Hyperthyroid 23 3.18 0.20 6.3%

diagnosis was further documented by a low or border-
line-low serum FTI and high TSH. All of them were
judged to have primary hypothyroidism. Group 4 was
comprised of 80 patients who were admitted to intensive
care unit of our hospital because of serious ilinesses such
as sepsis, shock, severe renal, hepatic, or cardiac failure.
They were usually receiving several drugs while studied.
Any patients with known history of thyroid or pituitary
disease were not included in this study. Patients who had
received drugs that are known to influence thyroid
function were also excluded from this group. Group 5
consisted of 20 individuals with elevated TBG as a result
of estrogen therapy. Group 6 consisted of 37 epileptic
patients, treated with phenytoin, and 10 control patients
who were treated with other antiepileptic drugs.

The methods used in this study were: T4 RIA*, T,
Resin uptaket, TSH?, T3 RIAS, reverse T31, TBG RIA?,
Free T4!, and Free T, dialysis.** The reference ranges
as determined by our laboratory were: T4 RIA = 5-12
ug/dl, T3 RU = 0.8-1.2, FTI = 5-12, TSH = 0-7.0
mlIU/L, T; RIA = 90-200 ng/dl, rT3; = 80-350 ng/I,
free T, = 0.68-1.8 ng/dl (by Amerlex), free T4 =
1.0-2.3 ng/dl (by dialysis), and TBG RIA = 13-30
mg/l.

RESULTS

Analytical assessment of Amerlex free T4. The char-
acteristic of the standard curve is shown in Fig. 1, derived
from a data-reduction program fitting three parameters.
A large signal difference, 54.8%, was generated between
the maximal binding of 62% at B, and 7.5% at the
highest standard (9 ng/dl). The minimum detectable
concentration of free T4 was less than 0.1 ng/dl as cal-
culated from two standard deviations and the mean from
20 determinations of the zero standard. The reproduc-
ibility of the assay is summarized in Table 1. This was
done by analyzing three patient pools and two controls
with every run. All determinations were done in dupli-
cate. The coefficients of variation (CV) for the hypo-
thyroid range were 20% at 0.16 ng/dl and 6.9% at 0.55
ng/dl; for the euthyroid range 4.2% at 1.08 ng/dl; for the
hyperthyroid range 5.3% at 2.29 ng/dl and 6.3% at 3.18
ng/dl.
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FIG. 2. The “‘normal’ distribution of free T,.

Reference range. The reference values for free T4
determined by the Amerlex method were done on sam-
ples from defined euthyroid patients and normal subjects
during pre-employment screening for syphilis, the values
being calculated by the mean and two standard devia-
tions. The range was 0.68-1.8 ng/dl, with a mean of 1.20
ng/dl on 171 samples. The distribution of free T, is
shown in Fig. 2.

Method correlation. The correlation of Amerlex free
T4 with equilibrium dialysis for free T4 was done on 75
patients including hypothyroid, euthyroid, hyperthyroid,
and patients on phenytoin (Fig. 3). The coefficient of
correlation was 0.871. The least-squares analysis gave
a slope of 0.74 and an intercept at 0.023 ng/dl. For pa-
tients with nonthyroidal illness, the comparison of free
T4 by Amerlex and by equilibrium dialysis showed a
coefficient of correlation of 0.489, a slope of 0.35, and
an intercept at 0.19 (Fig. 4).

The correlation of Amerlex free T4 with free T, index
on 186 patient samples showed a coefficient of correla-
tion of 0.911 (Fig. 5). In calculating the coefficient of
correlation (r value), results were excluded if they ex-
ceeded the highest standard of one or both assay proce-
dures. The correlation of 76 patients with nonthyroidal

FREE T4

FT4 (AMERSH)

74 OIALD
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TABLE 2. CLINICAL CORRELATION OF
AMERLEX FREE T,

Amerlex Free T“%!.
X 8 . Total

Patient  ng/dl  ng/dl  ng/dl number
Hypothyrold  92% 8% o 26
Euthyrold 1% 98% 1% 92
Hyperthyrold 0 0 100% 23
Contraceptives 0 100% o 20
Phenytoin 1B3%  87% o a7

illness showed a coefficient of correlation of 0.675 (Fig.
6).

Clinical correlation. Amerlex free T4 correctly clas-
sified 92% of hypothyroid patients, 98% euthyroid pa-
tients, 100% hyperthyroid patients, 100% of patients on
contraceptive, and 87% of phenytoin patients (Table 2).
The euthyroid patients taking contraceptive had a mean
TBG concentration of 39.8 mg/I (reference range 13-30
mg/1). The mean free T4 was 1.01 ng/dl with a standard
deviation (s.d.) of 0.19 and a range of 0.67 to 1.32 ng/dl.
Patients treated with phenytoin had serum phenytoin
concentrations of 5 to 224 mg/1. Their mean level of free
Ts, 0.94 % 5.d. 0.26 ng/dl, did not differ statistically (by
t-test) from the 0.97 + 0.21 ng/dl for the ten control
patients treated with other antiepileptic drugs.

For comparison, the FTI-RIA correctly classified all
hypothyroid, euthyroid, and hyperthyroid patients, all
patients on contraceptive, and 68% of patients on
phenytoin (Table 3). On the other hand, the dialysis free
T, correctly classified 90% hypothyroid, 92% euthyroid,
and all hyperthyroid patients and patients on phenytoin
(Table 4).

Patients with nonthyroidal illness (NTI) were sepa-
rated into three groups for comparison: T4 > 5 ug/dl, T4
between 3-5 ug/dl, and T4 < 3 ug/dl. The Amerlex free
T4 showed 91% in the euthyroid range for T4 > 5 ug/dl,

FIG. 3. Patient correlation between Am-
erlex free T, and equilibrium dialysis free
T4. Amerlex = 0.74 (dialysis) + 0.02, n =
75,r = 0.871.
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free T,. Ameriex = 0.35 (dialysis) + 0.19,
n =24, r = 0.489.

72% in the euthyroid range for T4 between 3-5 ug/dl,
and 100% in the hypothyroid range for T4 < 3 ug/dl
(Table 5). For comparison, TSH concentrations were
within the reference range for 41 of 48 samples with T,
> 5 ug/dl, 12 of 13 samples with T4 between 3-5 ug/dl,
and all 4 samples with T4 < 3 ug/dl. The mean T3 con-
centration was 96 ng/dl for T4 > 5 ug/dl, 40 ng/dl for
T, between 3-5 ug/dl, and 15 ng/dl for T4 < 3 ug/dl.
Five patients had no measurable T;.

The FTI showed 96% in the euthyroid range for T4 >
S ug/dl, 89% for T, between 3-5 ug/dl, and 100% in the
hypothyroid range for T4 < 3 ug/dl (Table 6). Dialysis
free T4 showed 89% in the euthyroid range for T4 > 5
ug/dl, 89% in the euthyroid range for T, between 3-5
ug/dl, and 76% in the euthyroid range for T4 < 3 ug/dl
(Table 7).

Discussion. The Amerlex free T4 standards were
calibrated by an equilibrium dialysis method that was
different from the Bioscience dialysis method used in this
study. The reference ranges for Amerlex free T,
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FIG. 5. Cormrelation of Amerlex free T, with
free T, index for all patients except NTI.
Amerlex = 0.19 (FTI) — 0.31,n = 186,r =
0.911.
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(0.68-1.80 ng/dl) were different from the dialysis
method (1.0-2.3 ng/dl). These differences are probably
reflected by the slope of the regression line, 0.74. Of the
75 patients, five were discordant between these two
methods in classifying patients according to their clinical
diagnosis. For the Amerlex free T4, two hypothyroid
patients were classified as euthyroid and a euthyroid
patient was classified as hyperthyroid. Dialysis free T,
misclassified a hypothyroid patient in the euthyroid
range and a euthyroid patient in the hyperthyroid
range.

The correlation coefficient of the Amerlex FT4 with
the FTI was 0.911. The main area of poor correlation
was in the hyperthyroid region of both assays. The rel-
atively low r value probably resulted because both
methods were at the upper limit of the useful range of the
standard curves (Fig. 1), so that the coefficients of
variation are probably higher for both assays. The
clinical correlation of both the FT,4 and the FTI was
excellent in this region, with both methods correctly
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identifying 23/23 clinically hyperthyroid patients
(Group 2).

In the euthyroid group of patients (Group 1) both the
Amerlex FT4 and the FTI correlated well with the clin-
ical findings. These procedures correctly classified eu-
thyroidism in 90/92 and 86/86 patients, respectively.
Using total T4 alone, 88/92 patients were correctly
classified. However, this euthyroid group did not include
those individuals with either increased or decreased
TBG. In such patients it was found to be essential that
either the FTI or FT, be used as a screening procedure
(see below).

In the hypothyroid group of patients (Group 3) the
Amerlex FT4 method successfully classified 24/26 pa-
tients. The FTI correctly classified all 26. When a patient
had a borderline low-normal FTI with an elevated TSH,
the classification became dependent on clinical signs or
symptoms. Low-normal FTI with an elevated TSH is a
finding that in practice may indicate a patient with a
limited thyroid reserve, a partially treated hypothyroid
patient, or a patient with impending hypothyroidism.
Furthermore, there was some overlap of the normal
range with the hypothyroid range in both the FT4 and
the FTI. In routine use as a thyroid screen, the lower
limit of normal might well be set at a higher value of the

TABLE 3. CLINICAL CORRELATION OF FTI
FTI(%)

5-12 >12 Total

Patient ng/dl ng/dl ng/dl  number
Hypothyroid 100% 0 0 26
Euthyroid 0 100% 0 86
Hyperthyroid 0 0 100% 23
Contraceptives 0 100% 0 20
Phenytoin 24% 68% 8% 38

N=76

SLOPE=. 1164
INTER=, 1867
CORR COEF=. 8749

FIG. 6. Correlation of Ameriex free T, with

free T, index for patients with nonthyroidal
iliness. Amerlex = 0.12 (FTI) + 0.187,n =
76, r = 0.675.

FTI, thereby including all patients suspected of hy-
pothyroidism.

In addition to correctly classifying patients with ab-
normal thyroid function, it is also important that an
assay should accurately classify patients with abnormal
thyroid parameters due to nonthyroidal factors. We have
investigated the use of the Amerlex FT4 method in pa-
tients on phenytoin, patients with severe nonthyroidal
illness, and patients with elevated TBG.

It has been reported that the in vivo effect of phenytoin
on thyroid economy is to produce lower total Ty, lower
free T4, and normal T3 (27). We have found the free T4
concentration as measured by the Amerlex method was
not statistically different between patients treated with
this drug (Group 6) and the control group.

The evalution of thyroid status in patients with critical
nonthyroidal illnesses (NTI) is very difficult. In a variety
of severe NTI, total T4 and T are greatly depressed, to
the range seen in patients with severe primary hy-
pothyroidism, but TSH is not elevated (26). It was
suggested that the mechanism may be an abnormality
of pituitary and/or hypothalamic TSH regulation (27)
or defective binding of T4 to serum proteins (28).

We have observed similar decreases in total T4 and T
in patients with severe nonthyroidal illness (Group 4).

TABLE 4. CLINICAL CORRELATION OF
EQUILIBRIUM DIALYSIS FREE T,

Egulllbrlum dla‘!xsls (%)
. 1.0-2. 2.

Total
Patient ng/dl ng/dl ng/dl  number
Hypothyroid  90% 10% 0 20
Euthyroid 0 92% 8% 26
Hyperthyroid 0 0 100% 12
Phenytoin 0 100% 0 17
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TABLE 5. CLINICAL CORRELATION OF
AMERLEX FREE T, IN NTI PATIENTS

Amerlex Free T, j%?
1 . Total

pa':lT'em ng}dl ’ ng/di ng/dl  number
T4 > 5 ug/dl 7% 91% 2% 54
T43-5ug/d  28% 72% 0 18
T4 <3 pug/dl 100% 0 0 8
Overall 21% 78% 1% 80

TABLE 6. CLINICAL CORRELATION OF FTI1 IN

NTI PATIENTS
NTI FTI (%) Total
Patient 5-12 >12  number
T4 > 5 ug/d 2% 96% 2% 54
T4 3-5 ug/dl 1% 89% 0 18
Te<3ug/d  100% ()} 0 8
Overall 14% 85% 1% 80

Of the 80 patients, 53 had normal total T4 (i.e., >5
ug/dl) and 27 had low total Ty (i.e., <5 ug/dl). Of the
27 patients with subnormal T, 18 had T, between 3 and
S ug/dl and nine had Ty less than 3 ug/dl. The mean
total T; decreased from low normal in patients with
normal T4 to near zero T; in patients with T4 < 3 ug/dl.
This latter group of patients consistently came from in-
tensive care units, representing those with the most se-
vere NTI. The reduction of T4 and T3 in nonthyroidal
illness may represent an attempt by the body to conserve
energy at the time of severe illness (29). The extremely
low T; concentration may be due to the inhibition of the
conversion of T4 to T3 (the more potent thyroid hor-
mone), thereby reducing catabolism. We also found that
T3 was elevated in most of these patients. This is prob-
ably because the same ’S-deiodinase that produces T;
from T4 is also involved in the metabolism of rT; to 3,’-
3-di-iodothyronine; inhibition of this enzyme will
therefore result in low T3 and high rTs.

We have found that the majority of patients with NTI
and normal T4 have normal FT4. A decrease in both FT4
and FTI was observed in the group of patients with total
Tas < 3 ug/dl. Kaptein et al. (30) reported that free T,
in serum was normal in five and above normal in the
remaining five of ten NTI patients who had normal total
T4. They also found that free T4 was subnormal in two
patients, above normal in two, and normal in the re-
maining five among nine NTI patients with total T, less
than 3 ug/dl. Chopra et al. (24), using a dialysis method,
reported significantly elevated free T4 in NTI patients
with normal total T4. In a group of 11 patients with low
total T4 in Chopra’s series, they found free T4 to be high
in six, normal in three, and low in the remaining two. It
was proposed that such unexpectedly elevated free T,
may be due to the presence of a serum inhibitor for
thyroid-hormone binding (28). An alternative expla-
nation is that these elevated free T4 values may be due
to nonlinearity of the percent dialyzed in the presence
of low TBG, as observed by Witherspoon et al. (37). This
nonlinearity may result in the elevation of the calculated
value of free T,. It is difficult to assess the thyroid status
of these patients clinically, especially those with ex-
tremely severe illness. Further clinical studies using the

Volume 24, Number 6

TABLE 7. CLINICAL CORRELATION OF
EQUILIBRIUM DIALYSIS IN NTI PATIENTS

Eg;lllbrlun dla?ls (%)
. .0-2. 2.3

NTI Total
patient ng/dl ng/di ng/dl  number
T¢> 5 ug/d 0 89% 1% 9
T4 3-5 pg/di 0 89% 11% 9
Te<3pug/dl 57% 43% 0 7
Overall 16% 76% 8% 25

TRH stimulation test, and the evaluation of thyroid
function during the illness and recovery phases, will
enable us to gain additional insight into thyroid function
in patients with severe NTI.

Based on our findings, we believe that either the FTI
or the Amerlex FT4 method is suitable for the routine
measurement of thyroid function in a variety of types of
patients. The FTI, however, requires two tests (TsRIA,
T3RU) per patient, whereas the FT, requires only one.
We note that Daniels and Henry (32) have pointed out
that a T3RU is not routinely needed in all patients, since
a T4RIA will suffice for the majority of them. Using a
procedure similar to theirs, we found that only 30% of
patients need a T;RU. This 30% represented a group of
hospital patients with borderline total T4 (11-12 or 5-6
ug/dl) or abnormal total T4. Therefore, the FTI as used
in our institution requires approximately 1.3 tests per
patient. The use of the FT4 may still constitute a saving
in time and resources relative to the use of FTI.

The use of the FTI does have some advantages, how-
ever, in that it may be important to document TBG
changes at some point in a patient’s course. This is
especially true in patients with increased TBG and a
corresponding elevation in both total T4 and Ts. It is also
of some importance in distinguishing low TBG states
(congenital deficiency, NTI) from hypothyroidism.

FOOTNOTES

* E. R. Squibb & Sons, Inc., Princeton, NJ 08540.
t Mallinckrodt, Inc., St. Louis, MO 63134.
! Clinical Assays, Cambridge, MA 02139.
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