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The Thyroxine Screening Index in congenital 
hypothyroidism  screening

O H n ik o v á , P K raómar

D e p a r tm e n t of P aed ia tric s , a n d  D e p a r tm e n t o f N uclear M edicine, F a c u l ty  H osp ita l,
P rag u e  10, C zechoslovakia

A m o d ifica tion  of th e  R IA  to ta l  th y ro x in e  a ssay  f ro m  a  d ry  d rop  of 
b lood  h a s  b een  app lied  in  5 -d ay -o ld  neona tes  for th e  sc reen in g  o f congen ita l 
h y p o th y ro id ism . F o r  f i rs t c la ssif ica tio n , th e  th y ro x in e  sc re e n in g  in d ex  was 
used  in  13 500 new borns; i t  p ro v e d  to  be sim ple, ra p id  a n d  econom ically  
accep tab le . I n  bo rderline  cases , m o re  deta iled  ex am in a tio n s  w ere  ca rr ied  out, 
v iz . e s tim a tio n  b y  R IA  o f  th y ro id  s tim u la tin g  h o rm o n e , th y ro x in e  and 
th y ro x in e -b in d in g  g lobu lin  fro m  v en o u s blood. The inc id en ce  o f p e rm an en t 
and  tr a n s ie n t im p a irm en t o f th y ro id  function  is show n in  a  sp ec ia l g rap h .

Two methods are usually employed 
for mass screening of congenital 
hypothyroidism, radioimmunoassay 
(RIA) and enzyme immunoassay 
(ELISA) for determining thyroid hor­
mones in the blood serum of neonates. 
It is possible to determine the levels 
of thyroxine (T4) and of thyroid- 
stimulating hormone (TSH) or their 
combination; the latter may be regard­
ed as the best solution [4, 6]. TSH has 
hitherto been considered a more reli­
able indicator of thyroid function 
than T 4, especially in the case of 
ectopic thyroid glands [6]. It has, 
however, been shown recently that 
primary T4 screening may have a 
similar sensitivity as TSH for mass 
screening programs for congenital 
hypothyroidism [1].

To introduce the method in Cze­
choslovakia, we elaborated and tested 
clinically a modification of the total 
thyroxine assay from a dry drop of

blood in neonates by the so-called 
single step T4 RIA [5].

For first classification, we adopted 
a procedure which employed the 
thyroxine screening index (TSI). This 
was used for assessing the borderline 
and pathological values.

Ma teria l  a n d  M e t h o d s

F o r  single step  T 4 R IA , a  d ro p  o f blood 
is w ith d raw n  from  th e  h ee l. O n  Schleicher 
a n d  Schiill 2992 filte r  p a p e r  th e  sp o t m ea­
su re s  12 m m  in  d iam e te r . S p o ts  3 m m  in 
d ia m e te r  con ta in ing  a b o u t  3 .0  /il o f blood 
(1.5 /il of serum  w ith  a n  a ssu m ed  hae- 
m a to c r i t  value of 50% ) w e re  c u t  o u t and  
an a ly sed . The m e th o d  is b a se d  on  single 
s te p  ad d itio n  of th e  re a g e n ts . O ne m l of a  
s to c k  so lu tion  co n ta in in g  spec ific  serum , 
a  bu ffer, labelled an tig en , im m u nog lobu lin  
G , po lyethy lene  g lyco l a n d  8 -am ino -1- 
-n ap h th a len e  su lphu ric  a c id  w ere  p ip e tte d  
in to  te s t- tu b es , th e n  th e  d r ie d  b lood  spot 
w as added .

F o r  dete rm in ing  T S I , th e  orig inal 
d e te rm in a tio n  of to ta l  T 4 w as m odified 
b y  e lim inating  th e  c a lib ra t io n  cu rv e  and  
m od ify ing  th e  c a lc u la tio n s . In s te a d  of 
em p loy ing  several sam p les fo r  co n stru c tin g
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F ig . 1. C o rre la tion  be tw een  t o t a l  T 4 an d  T SI in  115 b lo o d  sam p le s  collected on  th e  5 th  
d a y  of life. N um era ls  in d ic a te  th e  num ber of e s t im a tio n s  fo r  a  g iven value

th e  c a lib ra tio n  curve, we u se d  a  pooled 
sa m p le  fro m  no rm al donors a s  th e  re ference  
s ta n d a rd .  Sam ples fo r e s t im a tio n  w ere 
p ro ce ssed  in  series. E ach  se ries  co n ta in e d  
e s t im a te d  an d  reference s e ra  fo r  th e  ca lcu ­
la t io n  o f T S I. The re ference  s a m p le  w as 
re p re s e n te d  b y  th e  pooled  T 4 v a lu e s  of 
b lo o d  d o n o rs . F o r check ing  th e  e r ro r  of 
an a ly s is , w e used  serum  fro m  a  p a tie n t 
w ith  co n firm ed  h y p o th y ro id ism . R esu lts  
w ere  e v a lu a te d  by  ca lc u la tin g  T S I  from  
th e  r a t io  o f th e  re ference  a n d  te s te d  
sam p le s , v iz .

_ cpm  reference  s a m p le
cpm  unknow n  sa m p le

I n  a  n o rm a l new born, th e  T S I  v a lu e  w as 
1.0 +  0 .1 . V alues betw een  0 .90 — 0 .99  in d i­
c a te d  t h a t  th e  analysis m u s t  b e  re p e a te d  
to  e lim in a te  som e la b o ra to ry  e r ro r .  A  recall 
w as  e s s e n tia l w hen T S I w as  b e lo w  0.90 
(1.0 s ig m a). T he v a lid ity  o f th e  ana ly s is  
w as  co n tro lled  b y  th e  va lu e  o f non -spec ific  
b in d in g , th e  d ispersion o f v a lu e s  of th e  
re fe re n c e  sam ples, and  th e  v a lu e  of th e  
c o n tro l sam p le . The lo n g - te rm  s ta b il ity  
o f  th e  above-m en tioned  p a ra m e te r s  w as 
fo llow ed  in  profile  d iag ram s.

T h e  re la tio n  of T S I v a lu es  a n d  T 4 levels 
w as  s tu d ie d  in  115 n e o n a ta l b lo o d  sam ples 
co llec ted  o n  th e  5 th  d a y  a f te r  b i r th .  T o ta l 
T 4 c o n c e n tra tio n s  w ere d e te rm in e d  in  th e  
sam e  sam p le s  b y  T 4 R IA  k i t  (D R G ) from  
a  d ry  b lo o d  sp o t (Fig. 1). I t  is  e v id e n t  th a t  
th e re  w a s  a  sign ifican t c o rre la tio n  b e tw een  
th e s e  v a lu e s  of r  =  0.962 a t  t h e  0.0005 
lev e l o f sign ificance. So fa r  w e h a v e  ex am ­
in e d  13 500 б-day new b o rn s em p lo y in g  
th e  T S I  p a ra m e te r .

R e s u l t s  a n d  D iscu ssio n

TSI was found to be a simple, 
rapid and economically acceptable 
test which proved useful for providing 
first information about the functional 
state of the neonatal thyroid gland. 
The results were classified into three 
groups (Rig. 2).

In Group A, pathological values 
are shown which require an immediate 
detailed assay from venous blood.

Group В includes borderline values 
which require repeated examination 
from original samples of dry blood 
on filter paper.

Entirely normal values were found 
in Group C.

From this scheme it is evident that, 
if necessary, this first examination 
can be specified in more detail by 
further tests such as RIA T4, TSH 
and/or TBG. TSI is in accordance with 
the instructions of the European 
Thyroid Association for introducing 
SKH and the procedure which was 
recommended by Fischer et al [2] 
for use in the USA.
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A B C

F i g . 2. E v a lu a tio n  of T S I re su lts  of sc reen in g  fo r congenitul h y p th y ro id ism . G roup  A: 
p a th o lo g ica l v a lu es w hich req u ire  im m e d ia te  d e ta ile d  assay  from  v e n o u s  b lo o d . G roup  B: 
inc ludes b o rd e rlin e  va lues w hich re q u ire  re p e a te d  exam ina tion  of th e  o r ig in a l sam ple of 

d ry  b lood. V alues in  G ro u p  C correspond  to  no rm al v a lu e s

F i g . 3. S ta t is tic a l d is tr ib u tio n  of to ta l  T 4 a n d  T S H  va lues in  n eo n a ta l v e n o u s  b lo o d  serum . 
T he b la c k  a rea  rep resen ts  th e  h ig h es t fre q u e n c y  a tta in e d  d u ring  a  g iv e n  p e rio d  : 

360/6: 360 I .U ./ l  T S H , 6 nm ol/1 T 4 — p r im a ry  h y p o thy ro id ism  (a th y reo s is )
110/78:110 I .U . / l  T S H , 78 nm ol/1 T 4 — p rim ary  h y p o th y ro id ism  

( ru d im e n ta ry  th y ro id  g land)
32/80:32 I .U . / l  T S H , 80 nm ol/1 T 4 — tra n s ie n t h y p o th y ro id ism  
28/30:28 I .U . / l  T S H , 30 п то 1 Д  T 4 — tra n s ie n t h y p o th y ro id ism  

9/34:9 I .U ./ l  T S H , 34 nm ol/1 T 4 — d efec t in  T B G  p ro d u c tio n  
3/40:3 I .U ./ l  T S H , 40 п то 1 Д  T 4 — defect in  T B G  p ro d u c tio n

In our material we encountered 3 
cases of primary hypothyroidism, 
2 cases of TBG defect and 3 cases of 
transient hypothyroxinaemia.

The distribution of the results of 
venous serum samples is shown in

Fig. 3. The radioimmunological values 
of total T4 obtained by the method 
of single step analysis are on the 
abscissa, while the TSH values on the 
ordinate. The TSH values were obtain­
ed by RIA using the Calbiochem
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semikit. The black area represents 
the highest incidence of neonates 
recalled during the given period. 
In the upper part of the map are 
cases of primary hypothyroidism, 
such as athyreosis and ectopic thyroid 
gland, and below are the cases of 
transient hypothyroidism. In the bot­
tom part are cases of secondary 
hypothyroidism and those with a 
defect in TBG production.

After having introduced a national 
screening program for congenital hy­
pothyroidism, computer evaluation 
is being planned for processing the 
results of the above model.

Our investigations are part of a 
pilot study which is being employed 
in five regions of Czechoslovakia, 
where 60 252 newborns were examined 
on the fifth day after birth by the end 
of 1982 [3]. The incidence was so far 
1:5 000 newborn infants. It is expect­

ed that in the near future this screen­
ing program for hypothyroidism will
cover the whole of Czechoslovakia.
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