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Background : External Quality Assessment Schemes (EQAS) have been widely
used in radioimmunoassay (RIA). The International Atomic Energy
Agency (IAEA) launched a Regional Co-operative Project on EQAS
for radioimmunoassay of thyroid related hormones for developing
countries in Asia and Pacific Region. A total of 80 laboratories from
11 countries in this region including Thailand participated in the
scheme. Satisfactory results were reported for the first and second year
scheme. The present study is the third year scheme and only results
form Bangkok Center will be reported.

Objective : The objective of this Regional Cooperative Project is to create
interlaboratory surveys for performances on RIA of serum thyroxine
(Ta), triiodothyronine (T3) and thyroid stimulating hormone (TSH)
in order to improve accuracy and reliability in their clinical services.

Setting . Division of Nuclear Medicine, Department of Radiology, Faculty of
Medicine, Chulalongkorn University

Research Design : Prospective study

* Division of Nuclear Medicine, Department of Radiology Faculty of Medicine, Chulalongkorn University.
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Material : Bangkok Center is one of the 3 designated centers of the scheme.
Sixteen laboratories participated in the scheme under responsibility of
Bangkok Center.

Methods . Three organizing centers prepared 8 EQA pools and randomly
distributed 3 EQA samples each month for the whole year to
participating laboratories. Participants were requested to assay Ta.
T3 and TSH in the EQA samples and returned their results batch by
batch. Monthly and six -monthly results were analyzed and the results
were returned to participants.

Result : The overall results of the present EQAS demonstrate considerable
improvement in TSH assay performance as compared to previous
scheme and further improvement is evidenced for T3 and T4 assay.

Conclusion : The present EQAS indicates further improvement in performance of

radioimmunoassay in most participating laboratories.

Key words . External Quality Assessment, Radioimmunoassay, Thyroxine,

Triiodothyronine, Thyroid stimulating hormone.

Reprint request : Poshyachinda M, Division of Nuclear Medicine, Department of Radiology,
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The External Quality Assessment Scheme
(EQAS) has been widely used in radicimmuno-
assays.'"™  The International Atomic Energy
Agency (IAEA) launched a Regional Cooperative
Project on EQAS for radioimmunoassays of
thyroid related hormones for developing countries
in the Asia and Pacific region in 1989. The
objective of this project is to initiate interlaboratory
surveys in this region for performance of
radioimmunoassays (RIA) of thyroid and related
hormones in order to stimulate interest in quality
control and take remedial action for improving the
performance of RIA which will result in increased
accuracy and reliability of these clinical services.
There are 11 participating countries and three
organizing centers in Seoul, Lahore and Bangkok.
Each center oversees 15-50 participating laboratories
and there are about 80 laboratories participated
in the whole scheme. Satisfactory results were
reported for the first and second year schemes
with evidence of significant benefit to the
participating laboratories.(*® The scheme described
in this report is the third year scheme, and only

the results from Bangkok Center will be presented.

Materials and Methods
Participating laboratories

There were 16 participating laboratories;
13 from Thailand, 2 from Sri Lanka and 1 from
Myanmar. Malaysia and Vietnam had dropped out

from this scheme for unknown reasons.
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Outline of the scheme

The EQAS samples for distribution were
prepared by the 3 organizing centers. For Bangkok
Center, the external quality assessment (EQA)
sera were obtained from blood donors who had
negative tests for HBsAg, HCV and HIV. Eight
pools were used in the scheme which comprised 4
simple pools and 4 manipulated pools. Recovery
or manipulated pools were prepared by adding
known amounts of T4 ,T3 and TSH. Bangkok
Center prepared an euthyroid pool (pool 1) and a
spiked T4 pool (pool 2). The remaining 6 pools
were prepared by the Seoul and Lahore Centers.
Each center exchanged the EQA sera with the
other centers for further distribution to their
participating laboratories.

Participating laboratories received 3 EQA
serum samples monthly for one year. They were
asked to measure T4, T3 and TSH in each sample
by their routine methods for clinical services.
Results of the assays, together with internal quality
control (IQC) results, were reported back to the
organizing center monthly. Results from each
distributed set were analysed and reported back to
all participants. Cumulative results over each six-

month period were also processed and reported.

Results
Distributed material
The distributed materials are shown in

Table 1. All laboratories trimmed mean (ALTM)
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were calculated after 10% trimming of the lowest
and highest values and standard deviation was

estimated by the method suggested by Heally.("

Reporting results

A monthly report, as shown in Fig 1, was
sent to each individual laboratory. Laboratory
number 7 uses FT4 for routine clinical service;
therefore, no T4 result was obtained from that

laboratory. Laboratories number 11 and 14 did not
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perform TSH assays, in their routine services,
hence there was no TSH result from these two
laboratories. Laboratory number 6 provided very
poor participation so the return result was only
26.5%. The overall rate of return from all laborato-
ries was 89.5%

Cumulative statistics were calculated on 6-
months of data and sent to participants. The results
included mean bias and variability of bias (Table 2

and Table 3).

Table 1. Material distributed.
TRIMMED MEANS
POOL IDENTITY T4 T3 TSH NO.OF
(nmol/L) (nmol/L) (mUsL) DISTRIBUTION
A. SIMPLE POOLS
1. EUTHYROID 96 1.8 1.6 5
3. EUTHYROID 93 1.6 1.9 5
5. EUTHYROID 92 1.9 2.2 5
7. HORSE SERUM 19 0.7 0.3 2
B. MANIPULATED POOLS
2. Pool 1 + T4 (20 nmol/L) 113 2.0 1.7 5
4. Pool 3 + T3 (1.5 nmol/L) 90 3.3 1.9 5
6. Pool 5 + TSH (10 mU/L) 90 2.0 13.1 5
8. Pool 7 + TSH (10 mU/L) 17 0.6 9.4 2
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IAEA REGIONAL EXTERNAL QUALITY ASSESSMENT SCHEME
FOR THYROID RELATED HORMONES REGION : THAILAND

S ANALYTE: ___________ T4 ____1 nMol/L __ _
"DISTRIBUTION DEC 92
9
LaB T SAMPLE 1 SAMPLE 2 SAMPLE3
1 S 0---mmmmmmmm oo o
2 mmeee- Q-—mmmmmm  —mmmmmen Q-mm-mm==  mme—mm—mmo 0-----
: S O-mmmmmme mmmmmme Q-mmmmmom  —mmeme- [
4 emmmemmee- O-—--n  —mmmmme- O--mmmmmm mmmmmmeen 0--mmmm-
5  mmmme—e- o S Q===  mmmme—mm—ee 0--—--
6 320 et eemm e mmmm—m— = mee e
7 ___________________________________________________
 J O-—mmmmmm mmmmm—ee O--mmmm==  mmmmmemeo 0--——mm-
9 emme-- O-m-mmmomoe —mmee- O----mmmm-= —mm—mm—ee 0-------
10 mmmmmmmeeo 1 Q-——mm—m=  mmmmmmeo O-mmmmmm-
1 S— Q--mmmmmmmme mmmmee O-——mmmm=  mmeme- O--cmmmmm
12 mmemeeee Q-mcmmmom mmme- Q--mmmmmmmmm mmmm—e—meoe 0-----
14 el 0-=  —mmmmmme- o 0--
15 emmeeeeo T T O---=mmm  mmmme—ee- 0-------
16 mmmmmmmmmmmmmmmn e e
17 memmmeeee Q--=mmm=  mmmmm—meee O--—=m  —mmmmmoeo 0-———mm-
-3-2------=-2-3-  -8-2-----=--2-3-  -3-2-=-—----2-3-
X SD > <-Sb+ > ________<.SD+> ____
SAMPLE 1 SAMPLE 2 SAMPLE 3
e RESULT _ %BIAS/MEDIAN__ RESULT _ %BIAS/MEDIAN__ RESULT _%BIAS/MEDI
1 21.00 -76.40 17.00 -84.82 22.00 -75.28
P) 94.00 5.62 115.00 2.68 99.00 11.24
3 89.00 0.00 104.00 -7.14 81.00 -8.99
4 107.00 20.22 107.00 -4.46 92.00 3.37
5 86.00 -3.37 136.00 21.43 101.00 13.48
6
7
8 92.00 3.37 114.00 1.79 89.00 0.00
9 79.00 -11.24 89.00 -20.54 89.00 0.00
10 95.00 6.74 112.00 0.00 82.00 -7.87
11 75.00 -15.73 105.00 -6.25 74.00 -16.85
12 86.00 -3.87 87.00 -22.32 97.00 8.99
13
14 121.00 35.96 123.00 9.82 119.00 33.71
15 88.00 -1.12 . 118.00 5.36 85.00 -4.49
16
17 95.00 6.74 130.00 16.07 90.00 1.12
18
MEDIAN 89.000 112.00 89.00
MEAN  89.64 109.45 89.00
EST.SD 11.40 17.67 11.23
%CV 12.72 16.14 12.62

Figure 1. Monthly report
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Table 2. Cumulative satistics .
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JAEA EXTERNAL QUALITY ASSESSMENT
SCHEME FOR THYROID RELATED HORMONES
SIX MONTHLY RUNNING CUMULATIVE STATISTICS

APRIL UPTO SEPTEMBER 1992
DISTRIBUTION1TO 6
ANALYTE :
MEAN BIAS (%) VARBIAS
-6.02 5.16
1.47 5.96
17.87 109.82
24.24 34.14
0.82 11.78
0.62 332
-9.49 8.16
-14.49 9.82
-7.33 6.34
46.21 121.03
18.96 31.99
6.44 18.67
9.20 18.52
10.04 14.43
10.29 16.96
ANALYTE:
MEAN BIAS (%) VARBIAS
8.44 30.58
11.90 24.51
4.01 56.77
66.45 73.24
-9.82 17.92
0.86 5.08
-19.95 17.88
1.14 11.04
-22.93 39.40
-3.21 11.41
-5.93 25.38
-6.67 24.99
13.60 28.40
2.32 15.56
39.86 33.73
5.86 40.11
ANALYTE :
MEAN BIAS (%) VARBIAS
9.32 9.23
-17.25 18.89
11.42 26.89
35.55 140.99
4.59 10.03
-4.97 8.06
0.48 15.22
0.19 11.51
-5.17 23.32
2.81 18.42
-6.13 41.33
22.39 28.69
1.25 10.69
-41.42 16.01
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Table 3. Cumulative statistics .

JAEA EXTERNAL QUALITY ASSESSMENT
SCHEME FOR THYROID RELATED HORMONES
SIX MONTHLY RUNNING CUMULATIVE STATISTICS

OCTOBER UPTO MARCH 1993
DISTRIBUTION 7 TO 12
ANALYTE : T4 nMol/L
LAB MEAN BIAS (%) VARBIAS
1 -19.88 28.01 17
2 5.03 4.85 17
3 -15.04 19.07 7
4 19.51 36.99 17
5 7.36 10.73 17
6 -3.79 4.63 2
7 - - -
8 -3.59 5.53 17
9 -11.92 17.72 8
10 -5.94 6.28 17
11 -5.72 12.32 17
12 0.84 10.68 17
14 18.27 14.59 8
15 -0.32 8.80 11
16 28.15 1.28 4
17 13.10 8.25 17
ANALYTE: T3 nMol/L
LAB MEAN BIAS (%) VARBIAS N
1 7.88 17.29 17
2 -4.02 14.09 17
3 -8.11 11.69 17
4 48.29 79.08 17
5 -4.79 43.23 17
6 5.42 5.36 2
7 -6.50 13.93 17
8 -2.61 570 17
9 4,61 12.79 8
10 -2.81 11.89 17
11 -0.80 10.34 17
12 535 20.58 17
14 15.39 18.65 8
15 541 9.19 17
16 92.19 49.89 4
17 16.49 39.26 17
ANALYTE: TSH mU/L
LAB MEAN BIAS (%) VARBIAS N
1 499 12.57 16
2 -4.02 61.99 17
3 -5.70 12.12 17
4 7.60 57.54 17
5 -1.67 14.14 17
6 6.04 18.82 2
7 5.39 26.78 17
8 -2.33 6.38 17
9 1.23 6.08 8
10 9.69 30.13 17
11 - - -
12 0.40 64.11 17
14 - - -
15 16.69 18.07 17
16 -20.09 3948 4
17 227.38 886.66 17



Vol.41 No.8
August 1997

Between-laboratory variability

The mean between-laboratory coefficient
variation (CV) of T4, T3 and TSH for the 34
distributed samples was 16.9%, 29.5% and 27.2%
respectively with a range of the CV means for
individual pools of 5.8-48.9% for T4, 12.3-76.3%
for T3 and 12.7-94.6% for TSH (Table 4).

The interlaboratory imprecision profiles of
Ta, T3 and TSH are shown in Fig 2. As compared

to last years scheme,®) TSH assays exhibited much

Table 4. Between-laboratory variability.
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less imprecise results and T4 assays had somewhat
better precision, but not so for T3 assays.
Reproducibility of the ALTM

The ALTM of T4, T3 and TSH assays for
all pools were sufficiently reproducible. The mean
CV of ALTM of T4 and T3 was highest for pool
7. The mean CV of ALTM of all pools for T4, T3
and TSH was 3.9%, 5.6% and 3.3% respectively
(Table 5).

Ta T3 TSH
Mean between-LAB CV (%) 16.9 20.5 27.2
Range 5.8-48.9 12.3-76.3 12.7-94.6
Table 5. Reproducibility of ALTLM
Ta T3 TSH
POOL N ALTM %CV ALTM %CY ALTM %»CV
1 5 96 1.7 1.8 4.6 1.6 3.1
2 5 113 2.4 2.0 5.2 1.7 3.7
3 5 93 3.4 1.6 4.9 1.9 3.9
4 5 90 0.7 3.3 6.8 1.9 3.3
5 5 92 4.1 1.9 3.9 2.2 4.8
6 5 90 3.8 2.0 5.1 13.1 2.8
7 2 19 11.7 0.7 10.3 0.3 3.2
8 2 17 3.7 0.6 3.8 9.4 1.3
MEAN 3.9 5.6 3.3
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Figure 2. Interlaboratory imprecision profiles.
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Recovery results

The recovery of T4, T3 and TSH at
individual laboratories ranged from o to 144%, 59
to 159% and 69 to 126% respectively. The
consensus recovery of T4 was only 85% which

most likely resulted from technical errors in

Table 6. Recovery results.

malssiinqunmpansaloduyluusaaduampsasdoailun 585
o o i
uazaadlaniinaadaslasuiisswmenon Tusoudi s

measuring T4 concentrations during the preparation
of the spiked T4 pool (pool 2). The consensus
recovery for T3 was 106%. For TSH, the recovery
results were 109% and 91% for pool 6 (human
serum) and pool 8 (horse serum), respectively

(Table 6).

Ta

T3

Base pool (pool 1) Euthyroid

Base pool (pool 3) : Euthyroid

ALTM 96 mU/L ALTM 1.6 mU/L
Recovery pool (pool 2) Recovery pool (pool 4)

T4 added 20 mU/L T3 added 1.5 mU/L

ALTM 113 mU/L ALTM 3.3 mU/L
Recovered T4 17 mU/L Recovered T3 1.7 mU/L
Recovery 85% Recovery 106%

TSH TSH
Base pool (pool 5) Euthyroid Base pool (pool 7) : Euthyroid

ALTM 22 mU/L ALTM 0.3 mU/L

Recovery pool (pool 6)

TSH added 10 mU/L
ALTM 13.1 mU/L
Recovered TSH 10.9 mU/L

Recovery 109%

Recovery pool (pool 8)
TSH added 10.0 mU/L

ALTM 9.4 mU/L
Recovered TSH 9.1 mU/L
Recovery 91%
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Figure 4. Distribution of laboratories according to bias and variability of bias of T4, T3 and TSH.
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Assessment of bias

The six-month running cumulative bias
and variability of bias were calculated from the
median. The mean bias in individual laboratories
for T4, T3 and TSH ranged from -20 to +46,
-22 to +92 and -41 to +227, respectively (Tables
2 and 3). The median bias, ignoring sign, of
T4, T3 and TSH for the first six-month cycle vs
the second six-month cycle was 9.5 vs 7.4, 6.7
vs 5.4, and 6.1 vs 5.4, respectively, and the
variability of bias was 14.4% vs 10.7%, 25% Vs
13.9% and 18.9% vs 18.8% respectively.

Plots of cumulative bias against variability
of bias are shown in Figure 3. Significant
improvements in assay performance of T4 and
T3 were noted in the second six-month cycle, but
less so for TSH. The distribution of laboratories
according to bias and variability of bias is shown
in Figure 4. Improvement is obvious for the second

six-month cycle for T4 and T3, but not so for TSH.

Outlier in each pool

Assay values outside ALTM + 3 SD are
considered as outliers. The mean percentage of
outliers of T4, T3 and TSH in each pool ranged
from 0-5%, 0-7.5% and 0-8.8% respectively and
the mean of outliers of all pools was 3.1%, 3.8% and
3.9% for T4, T3 and TSH, respectively. Figure 5
demonstrates the results of assay performance from
all laboratories for the whole year for T4, T3 and
TSH assays of base pools and manipulated pools.

Eight participants exhibited satisfactory

Chula Med J

assay performance, 4 laboratories occasionally
failed to meet acceptable limits and 3 laboratories
frequently showed unacceptable performance. One
of these exhibited poor performance on TSH assays
only. One laboratory provided very poor
participation, hence the assay performance can not

be assessed.

Discussion

The results of data analysis from Bangkok
Center may not be robust because of the small
number of participating laboratories which
resulted from the drop out of 7 laboratories from
two countries as already mentioned. However,
during the IAEA Meeting of National Coordinators
at Colombo, Sri Lanka over 12-16 July 1993 for
presenting the results of 9 months data collection by
the three organizing centers, we found that our
ALTM was similar to Seoul Center where there
were 50 participating laboratories, and our result
was not much different from Lahore Center
results.®

At the JAEA Meeting of National
Coordinators, Colombo, Sri Lanka, 14-18 October
1091.%) We reported significant improvements in
performance of radioimmunoassays for T4, T3 and
TSH in the second year scheme as compared to the
first year.

When comparing the present third year
EQAS, to the previous year scheme,® there is also
considerable improvement in performance of TSH

assays since 71% of the laboratories achieved a bias
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Figure 5. Histogram of individual data for T4, T3 and TSH of base pool and manipulated pools. Two

vertical lines represent ALTM + 3SD.
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below + 10% as compared to 46% in the previous
scheme, and the number of laboratories with
variability of bias below 25% increased from 27%
in the previous scheme to 60% in the present
scheme. However, one participating laboratory
persistently exhibited poor performance in TSH
assays only, which indicates a problem possibly
from the reagent used for the assay.

For T4 assays, only 56% of the laboratories
achieved a bias less than + 10% which is lower
than in the previous scheme (68% ), but the number
of laboratories with variability of bias below 10%
was increased from 16% over the previous scheme(®
to 43% in this scheme. The present scheme used
2 pools of horse sera where the levels of T4 were
very low, hence the actual performance of the
present scheme should be better than in the
previous one.

The performance of T3 assays was also
improved since 84% of the laboratories acheived a
bias below + 20% as compared to 78% in the
previous scheme, (6) and the number of laboratories
with variability of bias below 20% increased from

38% 10 53%.(6)

Conclusion

The results of present EQAS indicate further
improvement in radioimmunoassay performance
in most participating laboratories. Three labora-
tories frequently showed poor performance and
only one laboratory had very poor return results.
The improvement was obvious for TSH, but less

so for T3 and T4 assays. The scheme was well

Chula Med J

accepted by the participants and created interest
and concern in quality control practices as shown
by the continuous improvement of laboratory

performance.
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