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The measurement of combined T3U and T«D by the use of
effective thyroxine ratio (ETR), compensated thyroxine (CTq),
or normalized thyroxine (NT4) systems has become common-
place. All these methods rely on comparison of individual
patient results to a euthyroid reference serum; however, little
has been published regarding the requirements of an ac-
ceptable euthyroid reference serum. Measurement of TsU, T4D,
and ETR using acid denaturation in sera with varying T3U and
T<D indicates that ETR is systematically dependent on total
T¢ concentration, but relatively insensitive to thyroxine bind-
ing globulin level. In selecting an appropriate euthyroid
reference serum for either ETR, NT¢, or CTs procedures, the T«
value must be scrutinized, whereas T3U is of less importance. If
successive reference sera are not carefully selected, the
published reference ranges from normal populations could be
invalid.

Various thyroid function indices have been proposed
in an attempt to define a single parameter that is indica-
tive of the circulating free thyroid hormone concentra-
tion. Empirical ratios have been proposed for two major
reasons: to simplify the interpretation of results in
physiological states with altered transport protein levels
(1, 2); and to correct for the interassay variability in the
testing process (3).

One of the more recent indices proposed to simplify
thyroid function testing is the effective thyroxine ratio
(ETR)™ (Mallinckrodt Chemical Works, St. Louis, MO)
(4), which purports to provide a single quantitative
laboratory parameter reflecting both the total circulating
thyroxing level, and the thyroxine binding globulin level.
Mincey’s original ETR procedure (4) was encumbered by
a laborious and imprecise extraction of the thyroxine
from serum with alcohol, followed by the addition of a
small amount of the patient’s serum to the final reaction
mixture to account for variations in levels of binding
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proteins. Instead of reporting an absolute value for the
serum T4(T4D) (5), and T; uptake (T3U), the results of the
test were expressed as a ratio of the radioactive counts in
the patient tubes to the counts in a tube containing a
“euthyroid reference serum.” This value was designated
the effective thyroxine ratio.

Mincey later modified the original procedures by using
a dilute solution of hydrochloric acid to free the
thyroxine from binding proteins (6). The direct use of the
HCl-denatured serum in the competitive protein binding
assay eliminated the need to extract and centrifuge a
precipitate or add patient’s serum to the reaction
mixture, while improving the speed and simplicity of the
assay. Several manufacturers of competitive protein
binding radioassay kits for T, have modified their
products so that the results of the assay may be expressed
as a ratio to a reference serum, or as a normalized or
compensated T4 (7-9). Most competitive protein binding
kits for T4 can be adapted to use either the alcohol
extraction plus addition of untreated serum, or the acid-
treated serum method for measurement of either ETR or
normalized T,. Since the reported parameter is a ratio of
the results obtained with the patient and euthyroid
reference serum, the ETR is therefore very dependent on
the nature of the selected reference serum.

The statistical relationship between ETR and other
thyroid function tests such as T,D, FTI, and free T, has
been reported by several investigators (10-13). However,
the dependence of ETR on the individual parameters of
TsD and T;U in the reference serum has not been
described. This lack of description has limited the
ETR’s acceptance.

Materials and Methods

Thyroxine concentrations (T4D) in serum were deter-
mined by a competitive protein binding radioassay using
the Thyrox-I-Take kit (Dade, Division American Hos-
pital Supply Corp., Miami, FL). Resin T; Uptake (T5U)
values were determined using Triosorb-M 125 (Abbott
Diagnostics, North Chicago, IL). These materials were
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used according to the manufacturer’s instructions. Con-
trol sera (Monitrol I and II, unassayed) were obtained
from Dade. Hydrochloric acid solutions were prepared
from distilled water and reagent-grade concentrated acid.
The Thyrox-I-Take kit was used to determine the effec-
tive thyroxine ratios with acid-denaturation of the serum,
following the protocol given. '

One hundred and twenty-five ul of patient, euthyroid
reference, or control serum was mixed with 125 ul of 0.5
N HCI and allowed to stand for 20 min. Then, 175 ul of
this mixture was aspirated with the sampling probe of an
automatic pipettor/dilutor (Micromedic Systems, Hor-
sham, PA) and expelled into a polypropylene tube with
5 ml of the I-125-labeled thyroxine/ TBG/buffer reagent
supplied with the Thyrox-I-Take kit. After incubation
for 30 min, 80 mg of ion exchange resin, supplied in pre-
weighed vials, was added sequentially to the reaction
tubes at timed intervals. The tubes were capped, trans-
ferred to a rotator, and arranged to produce a tumbling
of the solution and resin beads. After 15 min, the tubes
were removed, and the solution was poured from the re-
sin in the same sequence and time interval used to add
the resin. A plunger device supplied with the kit was used
to insure that no resin was decanted. The resin beads were
washed with 5 ml of distilled water and the wash decan-
ted. The resin beads were counted for 1 min, ‘which as-
sured an accumulation of at least 2 X 10* counts. All
counting was done in a Searle 1185 gamma counter e-
quipped with a preset I-125 window and a 3-in. crystal.
We calculated the ETR as cpm patient/¢pm reference
sera. This inversion of Mincey’s calculation is necessary
since he counted TBG-bound label and we counted un-
bound label. This maintains the logical relationship of
high ETR in hyperthyroidism and low ETR in hypothy-
roidism. '

Sera from patients on whom T,D and T;U tests had
been requested by an attending physician were also sub-
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FIG. 2. sensitivity of ETR of euthyroid serum (Monitrol I, T4D = 10.7,
T3U = 31) to the value of T4D of reference sera. Ordinate equals ob-
served ETR of Monitrol relative to reference sera. Abscissa equals T4D of
reference sera (note all have T3U equal to 30 + 1); n = 17.

jected to the acid denaturation ETR procedure. The data
we present were retrospectively selected from among
these samples.

Results and Discussion

Since the ETR is a ratio of a patient result to a euthy-
roid reference serum result, the nature of this reference
serum will have a profound effect on the individual pa-
tient values as well as the range of values observed in a
normal population. The data presented in Figs. 1 and 2
will aid the laboratorian in selection of an acceptable
reference serum. To facilitate interpretation of the indi-
vidual parameters, T:D, T;U, and ETR, precision data
are presented in Table 1.

The ETR of Monitrol I (which has T.D =10.7; T;U =
31; FT1 = T4D X T3U = 3.32; normal ranges T;D = 5-13
pg/dl; TsU = 24-35%; and FTI = 1.2-4.5) was calcu-
lated against multiple reference sera and is illustrated in
Fig. 1. All reference sera had the same T,D =9.0 + 0.5
but different T;U. The ordinate is the ETR value of
Monitrol I-and the abscissa is the T;U of the reference
serum used to calculate this ETR. There is no systematic
variation in the ETR of the Monitrol despite a sizeable
change in the relative thyroxine binding protein level of
the reference sera used in the calculations.

Careful examination of data in Fig. 1 indicates the free
thyroxine index (T, X T3U/100 = FTI) of the various
samples ranges from 9 X 21/100 = 1.89 to 9 X 34/100 =
3.06 (normal: 1.20-4.55). Since all the FTI values are
normal, it is encouraging that all but one of the observed
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FIG. 1. Sensitivity of ETR of an euthyroid serum (Monitrol I, T4D
=10.7; T3U = 31) to the value of T3U of reference sera. Ordinate equals
observed ETR of Monitrol relative to reference sera. Abscissa equals T3U
of reference sera (note all have T4D equal to 9.0 + 0.5); n = 15.

70

TABLE 1. Precision

Parameter Mean sd cv
T3U (%) 27.8 1.5 5.4
T4D (ug/dl) 9.6 0.66 6.9
ETR 1.01 0.02 2.0
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qu. 3. Effect of T3U on observed ETR. Ordinate equals observed ETR
relative to euthyroid Monitrol. Abscissa equals T3U of the sera (note all
have T4D equal to 9.0 + 0.5); n = 17.

ETR’s are normal (0.89-1.09)(4). These data indicate
that the ETR is not systematically related to the thyrox-
ine binding globulin concentration of the reference se-~
rum. Since T3U and ETR methods have been designed
so that binding of T, and T; by thyroxine binding pre-
albumin (TBPA) is inhibited (1), alterations in TBPA
will not affect these parameters.

The graph in Fig. 2 shows the ETR of MonitrolI when
calculated with reference sera having a constant T;U
of 30% * 1 and variable T,;D. The ordinate is again the
ETR value of Monitrol I; the abscissa is the T4D of the
reference serum used to calculate this ETR. As demon-
strated in Fig. 2, the ETR is systematically and signif-
icantly dependent on the T.D of the reference sera.
Therefore, the clinical reference or normal range will be
strongly dependent on the T,D of the reference sera, and
careful selection of reference sera is necessary to ensure
comparability of ETR values measured using different
reference sera. If a given laboratory was using a refer-
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FIG. 4. Effect of T4D on observed ETR. Ordinate equals observed ETR
relative to euthyroid Monitrol. Abscissa equals T4D of sera (note alfl TaU
equals 30 + 1); n = 19,
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ence serum with T,D = 8.0, T;U = 30, and FTI = 2.40,
and changed to one with TsD =10.0, T;U=30,and FTI=
3.0, a shift would occur in the reported ETR values. Con-
versely, as indicated in Fig. 1, the T;U of the reference
serum is of lesser importance. To ensure proper standar-
dization over time, the laboratory must overlap pools of
reference sera, selecting one with a T,D, T;U, and ETR
near the population mean.

The clinical utility of the ETR has been questioned
since neither the actual TsD or TsU are known. The ETR
and free thyroxine (FT.) and free thyroxine index (FTI)
are highly correlated as previously noted (10-13). There-
fore, we have not repeated this work, but have tried to
clarify the relationship of ETR to the individual para-
meters of T4sD and T,U.

It has been previously shown that the free sites avail-
able on thyroxine binding globulin are inversely related
to the T;U, but that this correlation is poor in euthyroid
sera (14). To demonstrate the relationship of ETR to
T;U, a group of sera were selected with the same T4D
(9.0 £ 0.5) and variable T;U. Within this group, as the
T,U increases the number of free sites on TBG declines;
therefore, one predicts that the sera will have increasing
FT. and ETR as the T;U rises. However, Fig. 3 demon-
strates that this is not observed, and ETR does not sys-
tematically change with changing T;U. The insensitivity
of ETR to T;U can be explained because free TBG sites
and T;U are poorly correlated in euthyroid sera (14),
and all these sera are euthyroid; the relative imprecision
of the T;U diminishes the correlation; and physiological
equilibrium mechanisms would be expected to maintain
the free T, concentration relatively constant despite small
variations in the thyroxine binding globulin level.

To study the sensitivity of ETR to T.D, a group of
sera with the same T;U (30 1) and variable T4D were
analyzed. All of these sera have nearly identical numbers
of free sites on thyroxine binding globulin, since both the
T;U and ETR are insensitive to TBPA (7). Therefore
as the T4D increases in this group of sera, the relative sa-
turation of TBG, the free Ts4, and the ETR would be ex~
pected to increase. Figure 4 demonstrates this effect. As
the T4D increases, there is a systematic rise in ETR.

Since the use of traditional parameters such as total
T4 and T5U are well established, the clinical efficacy of
the ETR needs to be validated. Previous reports have
demonstrated that ETR is an excellent predictor of the
free thyroxine or the free thyroxine index. The data pre-
sented here document the care required for adequate
standardization of the ETR over extended time periods,
and the relationship of the ETR to the individual para-
meters, T4D, and T;U.

Acknowledgments

This paper was presented in part at the 29th Annual
Meeting of the American Association for Clinical Chem-
istry, Chicago, June 17-22, 1977.

71



References

1. Maclagan NF, Howorth PJN: Thyroid function studies using
resin uptake of radioactive thyronines from serum and total thyroxine
assay: The free thyroxine index. Clin Sci 37: 45-60, 1969

2. Clark F, Horn DB: Assessment of thyroid function by the
combined use of the serum protein-bound iodine and resin uptake of I-
Triiodothyronine. J Clin Endocrinol 25: 39-45, 1965

3. Spierto FW, Hubert IL, Witter RF: Interlaboratory and intra-
laboratory comparison of T3-Uptake methodology. Clin Chem 18:
1355-1359, 1972

4. Mincey EK, Thorson SC, Brown JL: A new in vitro blood test for
determining thyroid status—the effective thyroxine ratio. Clin Biochem
4: 216-221, 1971

5. Solomon DH: Revised Nomenclature for Tests of Thyroid
Hormones in Serum. J Clin Endocrinol 42: 595-598, 1976, (Letter to
Editor)

6. Mincey EK, Wilcox ME, Morrison RT: An in vitro thyroid func-
tion test without alcohol extraction. J Nucl Med 15: 10321034, 1974

7 Hamada S, Kosaka T, Torizuka K: Clinical evaluation of new
indicators of free thyroxine concentration and thyroxine-binding
globulin capacity. Clin Chim Acta 63: 129-137, 1975

72

8. Liewendahl K, Helenius T: Comparison of serum free thyroxine
indices and “corrected” thyroxine tests. Clin Chim Acta 64: 263-272,
1975

9. Ashkar FS, Bezjian AA: Use of normalized serum thyroxine
(TaN). JAMA 221: 1483-1485, 1972

10. Toft AD, Seth J, Kirkham KF, et al: Assessment of in vitro
thyroid function tests in 100 consecutive patients referred to a thyroid
clinic. Clin Endocrinol 2: 127-134, 1973

11. Wellby ML, O’Halloran MW, Marshall J: A comparison of
effective thyroxine ratio and free thyroxine in serum. Clin Chim Acta
45: 255-259, 1973

12. D’Haene EGM, Crombag FJL, Tertoolen JFW: Comparison
between determination of free thyroxine index and effective thyroxine
ratio in human serum. Br Med J 3: 708-711, 1974

13. Thorson SC, Mincey EK, McIntosh HW, et al: Evaluation of a
new in vitro blood test for determining thyroid status: The effective
thyroxine ratio. Br Med J 2: 67-71, 1972

14. Hamada S. Nakagawa T, Mori T: Re-evaluation of thyroxine
binding and free thyroxine in human serum by paper electrophoresis
and equilibrium dialysis, and a new free thyroxine index. J Clin En-
docrinol 31: 166-179, 1970

JOURNAL OF NUCLEAR MEDICINE TECHNOLOGY





