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ABSTRACT 

The magnitude of serum thyroxine (T4) binding capacity (sBC) dependent bias in 
the AXSYM free thyroxine (FT4) assay was assessed using two recently described 
tests. One of the tests uses a direct equilibrium dialysis (ED) FT4 assay as the 
reference method. The results obtained with the AXSYM method were compared 
with those obtained by the ED FT4 method in patient sera having a wide range of 
sBC. The other test involves comparison of the FT4 results obtained following 
dilution of sera by an inert buffer, to theoretically derived FT4 results. As serum 
dilution causes a predictable decrease in sBC, the demonstration of a negative bias 
whose magnitude increases in parallel to the dilution, is indicative of an sBC- 
dependent bias. The AXSYM FT4 assay exhibited a significant sBC-dependent bias. 
This sBC-dependent bias is likely to have been caused by the presence of significant 
amounts of T4 binding proteins in the assay reagents. 

(KEY WORDS: AXSYM Free Thyroxine, Binding capacity, Equilibrium dialysis, 
Protein-bound T4, immunoassay). 
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202 CHEUSTOFIDES ET AL. 

INTRODUCTION 

The widely accepted free hormone hypothesis (1-3) states that it is the free 

thyroxine (FT4) rather than the protein bound T4 (PBT4) that can permeate cell 

membranes and elicit biological activity and that it is this free fraction that best 

correlates with thyroid function. Clearly, acceptance of the free hormone hypothesis, 

requires the use of accurate FT4 methods, i.e. assays which produce FT4 results which 

are independent of serum protein and PBT4 Concentrations and thus do not exhibit 

FT4 biases in certain patient categories. However, because the proportion of FT4, 

relative to the protein bound T4, is extremely small (in euthyroid subjects it is 

approximately 0.02%) its quantification has proved exceedingly difficult. In the early 

radioimmunoassays (RIA) for FT4, the analog T4 tracers used were not sufficiently 

modified to prevent their binding to serum proteins, and as a consequence the FT4 

concentrations obtained were significantly dependent on the concentration of albumin 

(and of other proteins) (4-8). Although some improvements in methodologies have 

been made, e.g. by better optimization of the chemistry of the analog tracers (9-10) or 

by changing the assay design to 2-step methods (2) and labelled antibody methods 

(2,11,12) it is clear that methodological differences still exist. In their study Nelson et 

a1 (13) showed that the FT4 concentrations obtained by three commercial RIAs were 

dependent (to different degrees) on the concentration of both the proteins and of the 

protein bound T4. It was also suggested (13-15) that method-specific biases 

(especially in sera with low protein bound T4 concentrations) were the result of 

increased sequestration of T4 by the assay reagents. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
4
7
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



SERUM THYROXINE BINDING CAPACITY-DEPENDENT BIAS 203 

In the present study, we used two recently described tests (12) to assess the 

validity/accuracy of a fully automated FT4 method (the AXSYM FT4 assay). The 

tests used were specifically designed to challenge the presence of assay-specific FT4 

biases in sera having different T4 binding capacities. 

MATERIALS AND METHODS 

Serum samdes: 

The patient panel, examined in the assays described below, consisted of 26 

ambulatory subjects, 18 at the third trimester of pregnancy, and 25 severely ill patients 

who were admitted to an intensive care unit with a variety of illnesses including 

sepsis, cardiac arrest, cardiac failure and respiratory failure. All the procedures used 

were in accordance with the Helsinki Declaration of 1975 (as revised in 1996). The 

patient sera were collected for routine biochemistry tests and were kept frozen (-20°C) 

until required for the hormone measurements performed as part of the present study. 

The sBC and PBT4 concentrations of 3 sera were reduced in vitro by serially 

diluting (two-fold to 64-fold) sera in 10 mM Hepes (from Sigma; code H3375) buffer 

solution, pH 7.4. The sera chosen were from third trimester pregnancy as these 

represented sera with high sBC and PBT4 concentrations. The undiluted and diluted 

samples were assayed in the three FT4 methods using standard protocols. 

The contribution of bovine serum albumin (BSA) in the generation of sBC- 

dependent FT4 biases was investigated by assaying two serum pools. One with 

normal sBC and another with low sBC, in FT4 assays whose reagents contained 

different BSA concenirations. The FT4 assay chosen for this investigation was the 
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204 CHfUSTOFlDES ET AL. 

Vitros ECi FT4 assay. Its antibody conjugate reagent, which does not contain BSA, 

was spiked with 3g/L, lo@ and 30gL of BSA (Biofac NS, Copenhagen, Denmark). 

Immunoassavs 

The Nichols (from the Nichols Institute Diagnostics, San Juan Capistrano, CA, 

USA) Equilibrium Dialysis (ED)method (16) was carried out by dialyzing the FT4 

from 200111 of undiluted serum into 2.4ml of dialysis buffer (at 37' C, for 16 to 18 hr). 

The FT4 in the protein-free dialyzate was then quantified using a solid phase RIA for 

T4. In order to minimize variability (e.g. assay-to-assay variation and systematic 

bias), the samples were randomized and analyzed on one occasion. The package 

insert quotes an intra-assay CV at doses falling within, and above, the euthyroid 

range of <13%. The euthyroid FT4 range (which was the observed range with one 

outlier deleted from each end) quoted in the package insert is 10.3-34.7 pmol/l. 

In the AXSYM FT4 assay (Abbott Laboratories, Diagnostics Division, Abbott 

Park, IL, USA), the sample and anti-T4 coated micro-particles are pipetted into a well. 

During this first incubation the antibody binds to serum T4. An aliquot of the 

reaction mixture is then transferred to the matrix cell, where the micro-particles bind 

irreversibly to a glass fiber matrix. The matrix cell is then washed to remove unbound 

material, and T3-alkaline phosphatase conjugate is added. During this second 

incubation, the conjugate binds to unoccupied (by T4) antibody binding sites. The 

matrix is then washed and the substrate is added. The resultant fluorescent product is 

measured by the Micro-particle Enzyme Immunoassay (MEIA) optical assembly. All 

the procedures are carried out automatically by the AXSYM system. The samples 
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SERUM THYROXINE BINDING CAPACITY-DEPENDENT BIAS 205 

were assayed in batch mode, with QC control material at three levels, run at the 

beginning and end of the assay to check for drift. The within-run precision for FT4 

values in the euthyroid range is quoted in the package insert of < 6%. The euthyroid 

range quoted in the package insert is 9.1 to 23.8 pmoYl (the method used to calculate 

this range was not specified). 

In the Vitros FT4 assay (1 2), 25 pl of sample is pipetted into micro wells which 

are coated with a T3-protein conjugate, followed by 100 p 1 of a sheep anti-T4 

antibody labeled with horse-radish peroxidase (HRP) in 150 mmovl phosphate buffer 

containing 0.1% (w/v) bovine gelatin and 0.1% (wh) bovine gamma globulin. 

During the 16 min incubation, at 370 C, a proportion of the labeled antibody binds to 

the serum FT4 and to the well surface, with the amount binding to the well surface 

beiig inversely related to the serum FT4 concentration. The well is then washed and 

a signal reagent is added which produces luminescence by the catalytic action of HW. 

The resulting light emitted is measured in a luminometer. All the procedures are 

carried out automatically by the Vitros ECi Zmmunodiagnostic system. The within- 

rn precision for FT4 values in the euthyroid and hyperthyroid range is quoted in the 

pack insert at < 3%. The assay was calibrated using an in-house equilibrium dialysis 

assay. The euthyroid range (1 and 99 percentiles) quoted in the package insert is 10- 

28.2 pmov1. 

In addition to the FT4 assays, the patient sera were also analyzed in the Vitros 

ECi Total T4 (TT4) and T3 uptake assays (T3U). In the TT4 assay 10 p1 of serum is 

incubated with 80 pI of a sheep anti-T4 antibody and 80 pl of a T4-HRE' conjugate 
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206 CHRISTOFIDES ET AL. 

solution (the latter solution containing T4-displacing agents), in a micro well coated 

with a Donkey anti-sheep (DAS) secondary binder. The reactions occurring during 

incubation (15 min at 37' C) involve the uptake of the anti-T4 by the micro well 

surface and competition for antibody binding sites between the serum T4 and the T4- 

HRP. The euthyroid range (2.5 and 97.5 percentiles) quoted in the T4 package insert 

is 71.2-141 nmoY1. 

In the T3U assay, 10 pl of sample is incubated (15 min at 37 C) with 80 pl of a 

solution containing a sheep anti-T3 antibody and 80 p1 of a conjugate solution 

containing the T3-HRP conjugate tracer and exogenous T3. The exogenous T3 can be 

bound by both the serum binding proteins and by the antibody, whereas the T3-HRP 

can only be bound by the antibody. Thus, in a serum with low available binding 

capacity, a higher proportion of exogenous T3 competes with the T3-HRP for 

antibody binding sites which will result in a reduced binding of the T3-HRP. The 

T3U assay is calibrated in % T3U units, which are inversely related to the serum 

binding capacity (i.e. a serum with a high %T3U has a low binding capacity). The 

euthyroid range (2.5 and 97.5 percentiles) quoted in the package insert is 23.5-40.6% 

uptake. 

All the assays were performed following the manufacturers' instructions. 

Statistics: 

Analysis of data was carried out by standard methods with Microsoft Excel 

spreadsheet. The agreement between the AXSYM FT4 method and the ED FT4 was 

tested by Deming Regression (1 7). The serum binding capacity (sBC) was calculated 
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SERUM THYROXINE BINDING CAPACITY-DEPENDENT BIAS 207 

by dividing the Vitros IT4 concentration by the ED FT4 (12,15). . Another measure of 

the serum binding capacity was obtained by the T3U, where the % T3U is inversely 

related to the binding capacity. The sBCs of the samples used in the study of the 

effect of exogenous BSA, were calculated by dividing the TT4 concentration with the 

FT4 concentration obtained with the 0% BSA formulation. The concentration of 

PBT4 was estimated by subtracting the concentration of FT4, as measured by ED, 

from the concentration of TT4 (13,15). Because the FT4 concentration, relative to 

TT4, was small (<0.1% of the TT4), the PBT4 concentration showed little difference 

from the TT4 concentration. The dependence of the AXSYM FT4 bias observed with 

any variable was determined by correlating (linear regression analysis performed by 

the least-squares method) the difference between the FT4 concentrations obtained by 

the AXSYM assay and the values obtained by the ED FT4 assay in each patient (Y- 

axis) against the variable studied (X-axis). Students’ unpaired t-test was used to 

compare the biochemical profiles between the patient groups (within each assay 

format) and a paired t-test when the comparison was across different assay methods. 

RESULTS 

The quality control sera used in each assay were all within expected ranges, and 

there was no evidence of drift in performance in any of the assays examined. 

Figure 1 depicts the relationship between the AXSYM FT4 and ED FT4 assays in 

all the patients (n=69) studied. A significant agreement, albeit with a rather poor 

correlation coefficient (r = 0.69, p<O.OOl) between the two assays was observed. The 
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FIGURE 1.  Relationship of the AXSYM and ED FT4 in ambulatory (depicted as 
diamonds), hospitalized (depicted as squares) and pregnant subjects (depicted as 
triangles). 

equation describing the relationship was: 

AXSYM FT4 = slope, 0.43 (+/- SEM, 0.055 p<O.OOI) ED FT4 + intercept, 7.45 (+/- 

SEM, 1.06, p<O.OOI). 

The poor overall correlation appeared to be due to the fact that the FT4 in the 

hospitalized group showed particularly poor agreement between methods. The 

relationship of the AXSYM FT4 to ED FT4 in (a) the ambulatory and pregnant 

subjects and, (b) the hospitalized patients is described by the following equation: 

a) AXSYM FT4 = 0.89 (+/- 0.07 ) ED FT4 + 2.87 (+I- 0.92), ~0.88 (p <0.001) 

b) AXSYM FT4 = 0.47 (+I- 0.14) ED FT4 + 4.78 (+I- 3.82), ~ 0 . 5 7  0, < 0.01). 
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ED FT4 (pmoV1) 
range 
AXSYM FT4 
(pmoV1) 
range 
VITROS TT4 

range 
VITROS T3U (% 
uptake) 
range 
Calculated sBC 
(nmol/pmol) 

(nmolll) 

TABLE 1 

Measured and Calculated Parameters in the 3 Patient Groups Studied. 
Pregnant Ambulatory Hospitalized 
9.0 +/- 1.7* 14.3 +I- 2.7 25.7 +I- 9.1* 
(5.8 to 11.6) 

(7.9 to 12.5) 
10.6 +/- 1.4* 

136.2 +/- 23.1* 
(90.8 to 172.0) 

18.9 +/- 1.3* 
(16.9 to 22.2) 

15.5 +/- 3.1* 

(9.7 to 23.7) 
15.8 +/- 2.0 
(12.8 to 21.9) 

84.7 +/- 11.9 
(62.2 to 116.0) 

29.3 +I- 2.18 
(25.1 to 33.3) 

6.1 +/- 1.1 

(1 4.2 to 48.6) 

(10 to 30.4) 
16.8 +/- 4.3 

62.2 +/- 24.1 * 
(23.2 to 111.0) 

47.5 +I- 10.1* 
(31.3 to 72.9) 

2.6 +/- 1.0* 

range (10.7 to 23.9) (4.2 to 8.5) (1.2 to 4.5) 

* denotes a significant (p<O.OOl) difference from the corresponding ambulatory 
concentration 
ED, equilibrium dialysis; sBC, serum binding capacity. 

Table 1 shows the mean (+I- SD) and observed ranges by the AXSYM an ED 

FT4 methods (FT4 in pmol/l), the TT4 (in nmolll), %T3U and sBC (in nmol/pmol) in 

the ambulatory, pregnant and hospitalized patients. The FT4 concentration, as 

measured by the ED method, in the hospitalized group was significantly @<0.001) 

higher than the FT4 concentration in the ambulatory group. This contrasted with the 

profile obtained by the AXSYM FT4 assay, as the concentration in the hospitalized 

group was found to be not significantly different from the concentration obtained in 

the ambulatory group. The calculated mean sBC in the hospitalized group was 

significantly lower (p<O.OOl) than that found in the ambulatory group, whereas the 
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2 10 CHRISTOFIDES ET AL. 

corresponding % T3U value was significantly higher (p<O.OOl). Thus, both measures 

of serum T4 binding support the view that hospitalized patients have decreased serum 

T4 binding capacities. The mean TT4 concentration in the hospitalized group was 

significantly lower @<0.001) than that obtained in the ambulatory group, and 12 of 

the 25 hospitalized patients had TT4 concentrations below the euthyroid range. The 

mean FT4 concentration in the pregnancy group was significantly lower (p<O.OOl) 

than in the ambulatory group with both FT4 methods, whilst the sBC and TT4 

concentrations were elevated (p<O.OOl). As expected, the % T3U was significantly 

@<0.001) reduced. 

The FT4 concentrations obtained in the pregnancy group in the AXSYM method, 

were higher than the corresponding concentration obtained in the ED method. These 

differences although, small were statistically significant (the mean differences and 

their 95% confidence intervals were, 1.6 pmol/l , range 1.1 to 2.1 pmoVl, p<O.OOl). 

Similar differences from ED FT4 were seen in the ambulatory group (the mean 

differences and their 95% confidence intervals were, 1.5 pmoV1, range 0.7 to 2.3 

pmolA, p<O.OOl). The mean AXSYM FT4 concentration in the hospitalized group 

was 8.9 pmol/l lower (95% confidence interval of 5.8 to 12 pmolfl, p<O.OOl) than the 

corresponding concentration obtained in the ED method. 

Figure 2 depicts the sBC-dependent bias in the AXSYM FT4 values in all the 

patients. Although the regression statistics (e.g. r = 0.54, p < 0.001) suggest a 

significant sBC-dependent bias in the AXSYM FT4 assay, it is clear from the figure 

that this dependency is not linear. This non-linearity appears to be due to the large 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
4
7
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



SERUM THYROXINE BINDING CAPACITY-DEPENDENT BIAS 21 1 

10 

5 

0 

P 5  
d .!! -10 
13 
d t -15 

* 
v) 2 -25 

- - z 

; 

= -20 

-30 

-35 

0 

8 

4 
8 
I 

I 

0 5 10 15 20 25 30 

Serum Binding Capacity 

FIGURE 2. Relationship between the AXSYM FT4 bias (from ED FT4) and sBC 
in all patients (identified with the same symbols as in figure 1). 

negative bias found in the hospitalized group. The data suggest that the bias exhibited 

by the AXSYM assay occurs when the sBC is decreased to <5 nmol/l. The regression 

statistics obtained in the different patient categories were: 

Ambulatorv subiects: AXSYM FT4 bias = 0.64 (+/- 0.365) sBC - 2.4 (+/- 2.243), c = 

0.337 (p > 0.05) 

Pregnant subiects 

0.64 (p < 0.01) 

HosDitalized subiects : AXSYM FT4 bias = 3.96 (+/- 1.32) sBC - 19.1 (+/- 3.62), r = 

0.57 (p < 0.01) 

: AXSYM FT4 bias = 0.21 (+I- 0.06) sBC - 1.68 (+/- 0.99), r = 
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212 CHRISTOFIDES ET AL. 

The slopes and intercepts obtained in the ambulatory and pregnant groups were 

similar (p > 0.05), but were significantly different from those in the hospitalized group 

(ambulatory versus hospitalized, p < 0.02 for slope and p < 0.001 for intercept, 

pregnant versus hospitalized, p < 0.01 for slope and p < 0.001 for intercept). The 

AXSYM FT4 bias was significantly @<0.01) correlated with sBC in the pregnant and 

hospitalized groups but not in the ambulatory group. Using the equations describing 

the relationship between sBC and the AXSYM FT4 bias one can readily predict that 

at the highest individual sBC observed in the pregnancy group, (i.e. 23.9 nmol/pmol), 

the AXSYM FT4 assay will be positively biased by 3.4 pmolA (95% confidence 

interval of 2.3 to 4.5 pmol/l). The calculated AXSYM FT4 bias at the lowest 

observed individual sBC in the hospitalized group (i.e. 1.3 nmol/pmol) would be -14.4 

pmol/l, (95% confidence interval of 10.6 to 18.3 pmoV1). 

The PBT4 concentration was significantly correlated to sBC (r = 0.86), and thus it 

was not surprising that the bias exhibited by the AXSYM FT4 method was also found 

to be significantly (p < 0.01) PBT4-dependent (AXSYM FT4 bias = 0.072 (+/-0.022) 

PBT4 -8.76 (+/-2.1), ~ 0 . 3 7 ) .  

Figure 3 depicts the relationship between the AXSYM FT4 bias and % T3U in all 

The equation of this relationship and the regression equations patient samples. 

derived in each individual patient category are shown below: 

All Datients : AXSYM FT4 bias = - 0.39 (+/- 0.043) % T3U + 10.7 (+/- 1.52), r = 

0.75 (p < 0.001) 

Ambulatory : AXSYM FT4 bias = 0.17 (+I- 0.18) % T3U - 3.58 (+I- 5.41), r = 0.19 

(p > 0.05) 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
4
7
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



SERUM THYROXINE BINDING CAPACITY-DEPENDENT BIAS 

- =: 0 -  
0 

5 
$= -10 - 

f 

% 

z 
-20 - s 

2 -30 - 

213 

10 
0 

I 

-40 I 
0 20 40 60 80 

% T3U 

FIGURE 3. Relationship between the AXSYM FT4 bias (from ED FT4) and % 
T3U in all patients. 

Pregnant 

> 0.05) 

HosDitalized : AXSYM FT4 bias = - 0.35 (+/- 0.137) % T3U + 7.9 (+I- 6.6), r = 0.47 

(p <0.05) 

: AXSYM FT4 bias = -0.12 (+I- 0.18) 'Yo T3U - 3.87 (+/- 3.9), r = 0.16 (p 

The highly significant (p c 0.001) correlation between the AXSYM FT4 bias and 

% T3U in all patients reflects the fact that the FT4 values for the hospitalized group 

(i.e. patients with high % T3U) are grossly biased (negatively). The values for the 

pregnancy and ambulatory groups (i.e. the sera having normal and low % T3U) are 

only marginally biased (positively). No relationship (slope, intercept and r, all 

pN.05) between the AXSYM FT4 bias and % T3U was obtained in the ambulatory 
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FIGURE 4. Mean percentage change (from the undiluted sample) of ED 
(triangles) and AXSYM (squares) following serial dilution of pregnancy sera with 
lOmM Hepes pH 7.4. 

and pregnant groups. A significant correlation (slope, p< 0.02, r, p<O.OS) was 

however, obtained in the hospitalized group. The equation obtained in the 

hospitalized group would predict that a serum with the highest % T3U observed 

(which was 72.9%) would be negatively biased by 17.6 pmoYl (95% confidence 

interval 10.7 to 25.1 pmov1) 

Figure 4 depicts the results of the serum dilution experiment performed on the 

pregnancy sera (i.e. sera with high sBCs). The theoretically derived FT4 

concentrations suggest that the decrease following a 32-fold dilution will be <1%. 

Similarly, the FT4 concentration as measured by ED is little affected by serum 
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TABLE 2 

Effect of Varying Amounts of Exogenously Added BSA on the FT4 Concentration 
of two Serum Samples Having Different Sbc Concentrations. 
FT4 assay formulation normal sBC (5.9 low sBC (2.4 nmol/pmol) 

0 g/1 BSA 15.4 pmol FT4/1 35.2 pmol FT4/1 
3 g/l BSA 17.1 pmol FT4/1 27.7 pmol FT4/1 
10 g/l BSA 17.6 pmol FT4/1 25.2 pmol FT4/1 
30 g/l BSA 20.0 pmol FT4/1 24.8 pmol FT4/1 
AXSYM FT4 method 14.5 pmol FT4A 16.3 pmol FT4/1 

nmol/pmo!) serum serum 

BSA, bovine serum albumin; sBC, serum binding capacity. 

dilution. At dilutions of 1 in 16 and 1 in 32 (i.e. dilutions which are expected to 

decrease the sBC concentration to levels normally seen in some hospitalized patients), 

the ED FT4 was within 5% of the concentration obtained in the neat sample. 

Robustness to dilution could not, however, be demonstrated in the AXSYM FT4 

assay, where the 16-fold and 32-fold dilution resulted in 41% and 59.4% decrease in 

the FT4 concentrations, respectively. 

Table 2 shows the FT4 concentrations, of two sera having different sBCs, 

obtained in the different formulations of the Vitros FT4 assay. The results of the 

AXSYM FT4 assay are also shown. The FT4 concentration of the normal sBC serum 

became progressively elevated in parallel to the increase in the BSA concentration. 

The 30g/l BSA formulation yielded a FT4 result that was positively biased by 4.6 

pmoVl (or +29.9%) from the FT4 result obtained using the formulation containing no 

BSA. In contrast, increasing the concentration of BSA resulted in a negative bias in 

the serum with low sBC. The magnitude of the negative bias was dependent on the 
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concentration of the added BSA. The 30g/l BSA formulation yielded a FT4 result that 

was negatively biased by 10.4 pmolA (or -29.5%) from the FT4 concentration 

obtained using the formulation containing no BSA. The % difference between the 

FT4 concentration in the low sBC serum from that obtained in the normal sBC serum, 

in the formulation containing no BSA was 129%, whilst the % difference in the 

formulation containing 30gA BSA was just 24%. The corresponding value €or the 

AXSYM FT4 method was 12%. 

DISCUSSION 

It is now generally accepted that FT4 shows a better correlation to the thyroid 

status than total T4 (1-3) and thus it is the free hormone fraction, which should be 

used to confirm the diagnosis of thyroid disease (1 8-20). The major limitation of total 

T4 measurement arises because its concentration is strongly influenced by the 

concentration of the thyroid transport proteins (thyroxine binding globulin, albumin 

and transthyretin). For example, following administration of estrogen containing oral 

contraceptives both the thyroxine binding globulin and TT4 concentrations will 

increase, whereas a reduction in 'IT4 will occur in any situation where the protein 

concentration is reduced. Thus, a major requirement for a FT4 assay is the lack of any 

protein concentration (or capacity) dependency (1 -3). 

We have used two simple tests to examine the biases of the AXSYM FT4 

method. The first test involved the comparison of the AXSYM FT4 results obtained 

in patients having a wide range of binding capacities against those obtained in a 
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commercial direct equilibrium dialysis FT4 assay. The main reason for choosing ED 

as the reference method is that it is one of the two methods (in addition to ultra 

filtration) generally considered as the "gold standard" method for free thyroid 

hormone measurement. The patient categories included in the study have been 

documented (1 5) to have high binding capacities (i.e. third trimester pregnancy), and 

low binding capacities (i.e. hospitalized patients) (1 3). This binding capacity profile 

has been confirmed in the present study by two independent methods (sBC, derived 

by dividing the TT4 by the ED FT4, and % T3U). The second test used, examined the 

effect of serum dilution on the FT4 concentration obtained by the methods under 

investigation. As discussed previously (12) the sample dilution test is an excellent 

test for investigating sBC-dependent biases. 

The results of both these tests, show the presence of a negative bias in the 

AXSYM FT4 particularly in sera with low sBC levels. Such observations are 

consistent with recent data obtained during a College of American Pathologists (CAP) 

Ligand Assay Survey study (21). The investigators altered the protein bound T4 and 

sBC concentrations in their test panel, by filling three batches of vials with one pool 

of serum at a ratio of 0.5: 1 :2.0 (in the study the samples were coded K-95, K-96 and 

K-97, respectively), and then lyophilizing the dispensed sera. Survey participants 

were asked to reconstitute each of the three vials with the same volume of diluent that 

would reconstitute K-96 to its original concentration. The measured FT4 by 

AXSYM (CAP survey results) in the diluted serum pool (K95) was 1 1 . 1  pmol/l 

which was 23% lower than the concentration of 14.4 pmoVl seen in the concentrated 

serum (K97). 
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The mechanism of the sBC-dependent biases exhibited by the AXSYM FT4 

assay is not known, but it is likely to be due to an excessive disturbance in the 

T4hiiding-protein equilibrium produced by the assay reagents. The estimation of 

serum FT4 by immunoassay, irrespective of the methodology used will invariably 

disturb the normal equilibrium that exists between the PBT4 and sBC (2,3). This will 

come about as a result of the addition of the antibody and of dilution of the sample in 

the assay reagents, which may also contain T4 binders such as albumin or animal sera. 

These are often added to protect assays from interference from heterophilic antibodies 

(22). These additions will result in the establishment of a new equilibrium and a new 

‘‘in vitro” FT4 concentration The concentration of this in vitro FT4 will be dictated 

by the “in vitro” bound T4 and unbound binding site concentrations, i.e. the in vitro 

FT4 will be equal to (PBT4+iBPT4)/(sBC + iBC), where iBPT4 is the T4 bound by 

the immunoassay reagents and iBC is the immunoassay binding capacity (which will 

be equal to the affinity multiplied by the concentration of the free immunoassay 

binding sites). From this formula, one can predict that a high iBC will cause biases, 

which will be dependent on the magnitude of the endogenous sBC. Thus, as the sBC 

decreases (as seen in hospitalized patients and mimicked by serum dilution), the assay 

will yield progressively lower results. 

The results presented show that the AXSYM FT4 assay mimics the performance 

of an assay whose reagents contain significant concentrations of binding sites (i.e. 

iBC). The presence of such a binder in the AXSYM FT4 reagents was suggested by 

the fact that we measured an albumin concentration of 10 g/L in the assay reagent 
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used in the fust incubation step. Inclusion of BSA in the reagents of FT4 assays has 

been argued (23) to be important in negating the influence of binding inhibitors which 

can be generated in vitro (e.g. non-esterified fatty acids which can be produced in sera 

of heparinized patients). However, whilst this notion is true, as Ekins (24) points out 

the inclusion of BSA will also “distort the effect of endogenous inhibitors on FT4 

concentrations, causing assay results to be grossly unreliable when these are present”. 

Inclusion of BSA in the assay reagents of the Vitros FT4 assay (which does not 

contain any BSA) induced gross alterations in the FT4 profile of the two serum 

samples tested. The FT4 value of the low sBC serum became progressively 

negatively biased, in parallel with increases in the BSA loading of the assay reagents, 

whereas, the FT4 value of normal sBC serum became positively biased. The FT4 

profile obtained with the AXSYM FT4 method suggests that its reagents contain 

exogenous thyroid binding proteins that have a binding capacity which is equivalent 

to the binding capacity of a BSA concentration of >3OgJl. 

The present study highlights significant weaknesses in the design of the AXSYM 

FT4 assay, which result in significant inaccuracies when used to measure FT4 in 

patients whose serum T4 binding capacities are reduced. Furthermore, a possible 

mechanism for the methodological differences often described in the literature is 

suggested. This is likely to be due to variable disturbances of the normal semm 

T4lprotein equilibrium brought about by the inclusion of variable amounts of BSA 

andor other T4 binding proteins in the immunoassay reagents. 
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