
111; ACCUMULATED evidence as pre- r s(3iited in the world literature bc- 
; O O ~ C S  the clinician to establish a diagnosis 
, f  ntln~roidism or congenital hypothyroid- 
wi ;is soon after birth as possible. If treat- 
ncnt for this condition is started later than 
,hr fourth to sisth montli irreparable dam- 
.tse lias occurred. 

In tlie historical search for a practical. 
.iccur:itc method of determining thyroid 
iunction in infancy many clinical laborn- 
tor). tests and roentgenologic esaminations 
h n ~ ~  been devised to aid the physician. 
.4iiio11~ tlie most commonly used laboratory 
tests ire: concentration in the blood of pro- 
tein-1 *)und iodine (PBI), inorganic iodine, 
c h l t  .;two1 and its ester, These tests have 
undtz,irable features for routine iisc in iicw- 
born infants, such as the requirement of 
l a y c ,  :mounts of blood or the normal vnria- 
tion from the mean is so great that it over- 
laps the patholo&c ranges. hleasuremcnt 
of basal metabolism is naturally very im- 
!)ractical. Although radiographic - e\.idencc 
oE bone change assists physicians in ding- 
Imis, a reliable practical laboratory nietliod 
is needed, In  recent years nume!-ous varin- 
tions of basic radioactive iodine (I131) tcsts 
h v e  been performed on children of older 
age groups.1-’ However, an extensive re- 

: \fiew of the literature has revealed only two 
studies of th-woid function using in 

2 r.ewborn infants. The first studys reported 
with seven normal newborn boys, 2 and 

; 3 days old. The 24-hour thyroid uptake 
:> ranged from 46 to 97% of the injected dose 
: 5 h e a n  69.7%); the suininary states, “The I’3’ 
‘uptake by the thyroid of seven normal in- 

.;,,fants has been demonstrated to lie within 

,‘ 
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the range of values which would lx: found 
in hyperthyroid adults.” Thc second strld!’’’ 
was carried out with 65 prematurc infants, 
ranging in weight from 990 to 2.481 gm. 
and five full-term infants ($523 to 2,694 

- 

p i )  delivered by cesarean swtion. Thc agc 
range at  the time of testing was from I to 
63 daw old. The 24-hour I”$’ tll!.roid uptakc 
rangeb. from 7 to 61% (mcan 32-E:).  T h e  
results were considered to 1)c \vitliin tllc: 

from these two prcvions stritlicts arc a t  vari- . 

limits of normal as recorrlctl in  stiidivs of 
adults. On the basis of this cvidcnct: i t  \viis 
assumed that the thyroid gland i n  preina- 
turc and full-term infants fiinctioiis similar 
to that  of adults. The data and conclusions 

ance. 
The objection to the adlninistratioll of 

radioactivity to normal nc~\vb(irii infants 
must bc considered. hinrtmcr ct uZ.” con- 

---!#=- 

sider the gamma exposure of a 5 p.c tlosc- z ‘Jl 
“negligible" a n c ~  t ~ i e  total bcta close ‘‘insis- 8 

0 q $ z  nificant.” Van ~ f i t l t l l e ~ w o r t h ~  reports that : I  

dose of 1 pc of 1131 in a t1iYroid g ~ a n ‘ ~  \vcig11- 0’ 
ing 2.4 gm prodriccs a i n ~ ~ i n i n l  total radiii- a u $ i  

tion of GO r (rep) or 141 gm - r ( g i n )  :.: 
roentgcn eqriivalcnt physical. IIc, states, “.1 
gastrointestinal s-ray serics \\.it11 fliioloscol)! 
in an infant rcsults i n  an e z p o s u ~ ~  to ;it l c x t  
20 r or 3,600 gm - r.” 

In  the present series tlic total i n t q p t c d  
dose to the thyroid gland of ;I newborn (es- 

total 5 pc of  vas taken 1112 b?r the thy- 
roid gland and had n 
d l  T h e  calculntions were based on tlie 
forniulas of Quinib!- cf This calcnlatc.tl 
dose to tlie thyruid glantl mjyht l ~ c .  coni- 
pared to the  dose received b?. an infant in 

* 

e 

i‘ 
v timated weight 3.0 gm) was 214 rads if the 0 

i 
half-lif(, of G wQ 
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m ordinal?. abdoininal s-ray esilnlin a t '  ion. 

.\ssuniing a conservative 70 X 20 cin field 
(100 KV; l i d  = 1 31; 0.02'7 r/ma - sec), the 
total dose received would be 1,285 pl - r. 

Any active cardiot.ascular center will do 
complete roentgenographic and  fluoroscopic 
studies on children suspected of heart dis- 
ease. The radiation dose receibred by such 
children is higher than with a single nb- 
domina1 esaniination but the danger from 
irradiation is believed to be acceptable and 
is rare1:- qiiestioned as a diagnostic aid. 
-\ calculated risk is taken in perforniance 

of any irmdintion esarnination, bu t  the PO- 
tential benefits may out\\-eigh :in!- h\Fo- 
thetical dangers ir-henever such ai1 esami- 
iiation is indicated. 

The purpose of this pixper is to present 
the results o b t a i i d  in ;i stud!' of the nptake 
of 1l3' bv . .  thvroid glnnds i n  normal newborn 
infants. The method of blartnler ct n1.l' has 
been closel!- adhered to and modified onlv 
\\-lien necessnrl;. 

PROCEDURE 

The ne\vborn infant is given approximatel!. 
5 pc of 11s' b!- iiijrctioli through i\ pstr ic  
tube 3 hours after the List feedillp. Iinme- 
diatel!. follo\ving this. two injections o f  2 1111 

of sterile 0.98 snliiw solution froin the snnir 
s!.ringe r i m  \vashtd tlirolls11 the tulle. Thcx 
hlbe is then reinn\.ecl and sated for counting 
residual activity. Sterilized eqtlipnlelit i5 nsed 
throughout, und the .iclrninistratio~~ is t l o w  I>\ 
the Smnc pcrsorl ever! time. T\vt,11t! - for ir  hours 
later the concentratiui1 of 1"'' in  the th\-roicl 
rlund is deterniinrd by recording the tlisiii- 
tegratioiis b\. means of n scintil1;ition counter 
through a coimtr:ite 1iieter.O The stiiidird ref- 
erence for the test dose is prepared by puttinn, 
1 ml o f  the previous calculated IIx1 solution 
into a pol!.ethylcne phantom reprcsentiii? tlw 
bah\-'s neck i tn Iw drscribed). 

On n solid sheet of plasti-qliiss cmaring A 

small ciirt is .iii ecceiitricall!- placed pl;isti-elass 
sjrtdle positiolted zsactl\. oi-er the 1s Y 1 in. 
rr?-stal of the sciutill:~tion counter nhich is set in 
n vertical position 13 CUI heloxv the point the 
baby's thyroid will occtlp\-. The cr!-stsl is COY- 
ered \vith .:I 2-mni lend filter. The ph.11itom is 

Iiiade -- of polyethylene, 51 mm in diame 
, . J  mm in length. The cavit) 
thyroid is at the mid-p 
ceiiter of the cavih is 8 mm below the s 
and is 3 mni in dianie 
closed with a threaded 
that the scattering mas 
The design of the phanto 
used by llartmer ct 
borns. and i s  a repre 
normal baby, both anatomically and 
of densih and scatterin, 0 mass. 
This phantom represents the m o d  of 

radioactive substance in 1 ml of the test solu. 
tion at any tinie ;is the I'31 undergoes physid 
decay. 

Prior to making a determination of the up 
take in ;in infant, the percentage ratemetn 
is stiindardized for zero, 100% and for hi& 
~oltage.  To make a determination of the radia. 
;ictivit\ in the thyroid gland it is necessq to 
hold the infant in a prone position with th 
neck over the saddle and read the counts per 
minnte directly from the ratemeter. -\ correct 
rend in^ of less than 2% probable error is ,IC. 

s u r d  \vith this instrument Ir-hile holding the 
-infant in this position for 1 minute. By this 
nr rqemen t  the infant is codort.!ble, ca~: 
I,reathe without ditficulty and can 1 - 7 :  held a! 
Ions as necessan \vith no possihilit!. 3f inju, 
Follo\\j1\g this. one of the infant's thit:';s is helc 
o\.er the sdd le  for I Iniaute nnd t' Lx COUII! 

pyr iiiinwtr recorded. Then rendinp ?re t&i 
o f  the rooin background rnc1i;ttion ;I. ;1 of th 
stnnt1;rrd (phantom p I i i 4  on the satl~llel. R: 
fore ;inother infant i< placed on  the i~b l t . .  tht 
entire table top nntl the jaddlr ;IT<> clrnnec 
\\.ith 705 alcolml. 

The follo\ving formula \\'as used to deter 
mine the percentage of 11:: uptake ?)! the th\ 
r o i d  in this series of ne\ \hr i> iTifnnt9: 

(-4 - B )  - (D - B\ x 100% 
= 7 uptake 

(C - B) - IE - B I  x F 

.\-Counts per minute icorant n1i11.1 01 t'i neck 
B-Count 'miti ikxdgroundr 
C-Count 'min (standard) 
D-Count 'niin (thiFhi 
E-Count 'min (tube and s!-rin_fe) 
F--\IiIliters of standard injected 
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determined by an accurate prenixta! histon 
The normal character of the siibi: .'s w: 
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,htained for each infant studied. in regard 
,to weeks of gestation, parity of tlie mother, 
ibiiormalities of the pregnancy, and medica - 
?ions the mother received prior to delivery. 
.The period of delivery was investigated in 
regard to duration of labor, type of deliver!., 
nnd condition of the infant at birth. The past 
history of the mother was reviewed in regard 
to previous illnesses, operations, and prescribccl 
or proprietary medicines. The family histor!, 
was also obtained in regard to familial diseases 
mid health of the immediate family. The length, 
weight, sex, race, and age of the infant at the 
time of the determination of the thyroid P1 up- 
take and physical condition of the infant were 
also recorded. 

Twenty-eight infants from the nursery at the 
hospital of the University of Nebraska College 
of Medicine were studied. 

>I 

RESULTS 
The data are presented in Table I. Six- 

t-:en males and 12 females were studied 
r tnging in age from 72 to  180 hours and 
v hose weight ranged from 2,600 to 4,663 
gin. Two of the infants (Cases 1 and 3) 
\\ ere excluded from the aiinlysis of this 
series because the mothers had taken io- 
dine or magnesium compounds until the 
time of delivery. T h e  mean of the age range 

The extremes of I*31 uptake by the thyroid 
gland are from 6.3 to 36.4%. The  mean up- 
take of these 26 cases is 20.3%. The stand- 
ard deviation is 8.5%. Fourteen of the cases 

1 (54%) are within one standard deviation of 
the mean; all of the cases are within two 
standard deviations of the mean. 

An analysis of the data to  show the effect 
of weight and sex is presented in Table 11. 
{ The distribution of cases by  per cent of 

I' is approximately 90 hours. 
l 

, -  
s: u take is shown in Figure 1. !:$ :* I ,. ._ C &  . .: * 

d DISCUSSION 
Minin" reported a series of children 6 

s to 16 years of age, in which the serum 
(as determined by the permanganate 
ashing method) was shown to  have a 
a1 range from 4.0 to 8.0 pg/lOO ml. In 

e cretins (3 months to 12 years of age) 
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all i-a1iic.s ~7crc l)do\v 2 ;~.g/100 ml. Be- 
caiis('. a t  t h  timc, the test rc!quired 25 in1 
of liIom1. normals were not tletermincd in 
this scrim. Simi1;ir results have been rfl- 
portrd '? -' in sevcrc hypothyroidism. Kessd 
ant1 Pol i tzcP stiidicd the PRI le\& in 
lilood of mothcrs and their infants a t  birth. 
Tliirtv-tliree cast's ivcre includcd in this 
study with ;I vieiv of estnhlisliing a normal 
pattern. In six caws (all mnlcs) the PBI lwei 
wiis liiglicr in  thc infants' cord Mood than 
in tlic mothcrs' bloocl (3.0 to 11.6 p.g/lO() 
nil). In  21 of t1 ic  motlicrs and in 21 of the  
infants, the I'nI l c ~ l  was lietwecn the ac- 
ccptctl normal rangc o f  3.5 to 8.0 jrg/100 
ml. In only one rnot1ic.r and foiir infants the 
l ~ ~ l  was 1,clow 3.5 yg/IOO mI. In 11 motli- 
crs ant1 cight infants the level was over 8.0 
pg/lOO ml. Tlir tl(.tcrminations in the in- 
fants wcrc pcrfornicd on samples of the 
cord 1,Iootl. 

I>anowski c t  nl.1,; stiidictl 110 infants 
ranging l i p  to 1 ycar of age, wlw v7erc in 
good l~ralt l i  and tlc\doping normally. The 
Pnl conccntrntions lverc: analvzcd in dupli- 
cate l y  tlie mctliotl of Bitrkrr. All of these 
infants had bccn born a t  term fullowiny: an 
nncomplicatcd pregnancy. The  results rc- 
vcalcd that at  birth the level of PBI in tlic 
blood was the same as the mother's and then 
it rapidlj. increased to its peak from 1 to 4 
da!rs-mcan 12.9 ;~.g/100 ml, and thcn slowly 
clccreased the remainder of the first year. 
In revic\ving the findings of these authors, 
it \vould seem that the serum PBI would 
ser\'e to distinguish hypothyroid infants 
from normals. However, there appear to b e  

4 
discrepancies in comparative normal ranges; 
and in Danowski'slG work the age of testing 
is a very important criterion. 

Inorganic iodine in blood, as a test of 
thvroid function, has been shown by 0th- 
em'' to have a wide normal variance (4 to 
313.0 p.g/lOO ml). Decreased or absent thy- 
roid function reduces the inorganic iodine 
i n  seriim to the range of 36 to 70% of normal, 
thus many of the blood levels of inorganic 
iodine in athyreotic children are in the 
range of normal. 

The relationship of cholesterol and its 
cstcxrs in the blood to myxedema has been 
known for years. bu t  as many studies have 
sl~rnvn vcrv little reliability can be associ- 
ntcd iixitli the cholesterol level in blood as J 
tlingncistic test.l'. 18,10 

It is well known that there is radiologic 
evidence of bone age retardation in hy- 
pothyroid states of infants and chiltlrcn. 
Tlrc radiologic signs were grouped and 
very ntlcquatcly esplained in a report l)! 
. t s t l ~ y . ~ ~  He concluded that evidenct of 
h n c  age retardation is a useful link : ! I  the 
c h i n  of diagnostic evidence, bu t  is i , , l t  liy 

itsclf of any great significance l)c~-.Liuse 
there are many other causes that pri>duce 
similiir radiologic findings. For furtll.,r in- 
formition the reader is referred to esc c,llent 
studies of rocntgenological findings : ; I  in- 
fants and children with hypotli>.roicl. 
ism.*l?.13, L ' l b 2 7  Thesc studics tend to coilfirm 
AsLl(~!~'s conclusions. 

A nccd exists for an accurate harinleqs 

9' 

clinical test to aid physicians in est;iblish- :' 

in? n diagnosis of congenital hypotht.roit1- .- 
ism in newborn infants. 

In  a review of the literature the \,irious 
tests of thyroid function were found to pre- . 
qcnt difficulties when applied to nevborn , 
infants; only two articles were found wing  : 

uptake technics. Their results ant1 con- 
clusion? were in opposition to each ot' :r,$ 2 
Therefore, it was felt necessary to I K  .est]- 
gate the uptake method further '/ ,cl to  
attempt to determine a normal range c , j  th? - 
roid activity in the newborn. 

Although our findings concur with [hose 
obtained by  hlnrtmer et nl,' we hacc, not 

0 
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accumulated a series of abnormal patients. 
Theoretically it would appear that I'31 up- 
take would be diagnostic only in those cases 
of hypothyroidism due  to aplasia of the thy- 
roid gland. At the moment there seems to 
be no single test which can be employed in 
the newborn period for accurate diagnosis 
of hypothyroidism. 

CONCLUSIONS , 

The thyroid function of 28 newborn in- 
fants was studied by the uptake of 113' by 

uptakes was from 6.3 
to 36.4% with a mean of 20.3% (standard 
deviation is 8.5%). Fourteen of the cases 
were within one standard deviation of the 

ard deviations, 

fouiid related to thyroid function. 

The range of 

In this study sex and weight were not 

Acknowledgment 
11.e gratefully acknowledge the assistance of 

Dr. Dorothy 1. Smith of the Pediatric Depart- 
ment and Dr. Howard B. Hunt, Chairman, De- 
partment of Radiology, University of Nebraska 

REFERENCES 
1. Reilly, W. A, and Bayer, D. I.: Carrier- 

free 1-131 thyroid uptake and urinary 
excretion in normal and hypothyroid 
children. J. Clin. Endocr., 10:811, 1950. 

2. Lowry, G. H.: Beienvalters, W. H., Lampe, 
I., and- Gomberg, H. J.: uptake 
curve in humans. 11. Studies in children. 

- 

children. Radiology 49: 

J. G., Soley, M. H., Reilly, W. A., 
chorn, IC. B.: Radioactive iodine 

2LEI 

7. 

i 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

S 775 

hypothyroid children. J. Pediat., 40:714, 
1952. 

Oliner, L., Kohlenbrener, R. M., Fields, T., 
and Kunstadter, R. H.: Thyroid function 
studies in children: Normal values for 
thyroidal 1'31 uptake and PBI1S1 lev- 
els up to the age of 18. J. Clin. Endocr., 
17:61, 1957. 

Van Middlesworth, L.: Radioactive iodide 
uptake of normal newborn infants. 
A.M.A. J. Dis. Child, 88:439, 1954. 

Martmer, E. E., Corrigan, K. E., Charben- 
eau, H. P., and Sosin, A,:  A study of the 
uptake of iodine (I131) by the thyroid 
of premature infants. PEDIATRICS, 17: 
503, 1956. 

Quimby E. H., Feitelberg, S., and Silver, 
S . :  Radioactive Isotopes in Clinical Prac- 
tice. Philadelphia, Lea, 1958. 

Man, E. B., Culotta, C .  S., Siegfried, D. 
A.,  and Stilson, C.: Serum precipitable 
iodines in recognition of cretinism and in 
control of thvroid mediation. 1. Pediat., 
31: 154, 194f. 

Federman, D., Robbins, I., and Rall, 1. E.: 
Some observations on-cretinism and its 
treatment. New Engl. J. Med., 259: 
610, 1958. 

Blom, P. S., and Terpstra, J.: High P B P  
concentration in blood of patients with 
myxedema: A preliminary report. J. 
Clin. Endocr., 13:989, 1953. 

Palmer, R. E., and Leffler, H. H.: The cor- 
relation between the uptake of 1l3l, PBI 
and cholesterol levels in normal and ab- 
normal thyroid states. Southcrn Med. J., 
49:1412, 1956. 

Kessel, I., and Politzer, W. M.: Protein- 
bound iodine levels in mothers and in- 
fants at  birth. Arch. Dis. Child., 32: 
311, 1957. 

Danowski. T. S., johnston, S. Y., Price, 14'. 
C., Mcielvy, i4., Stevenson, S. S., and 
McCluskey, E. R . :  Protein-bound iodine 
in infants from birth to one pcnr of age. 
PEDIATRICS, 7:240, 1951. 

Rapport, R. L., and Curtis, G. M.: The 
clinical significance of blood iodine: A 
review. J. Clin. Endocr., 10:735, 1950. 

Simon, A., Ludwig, C., Gofman, J. W., and 
Crook, G. H.: Metabolic studies in mon- 
golism. Serum protein-bound iodine, 
cholesterol and lipoprotein. h e r .  J. Psy- 
chiat., 3:139, 1954. 

Hutchison, J. H., and McGirr, E. M.: 
Hypothyroidism as an inborn error of 
metabolism. J. Clin. Endocr., 14:S69, 
1954. 

Astley, R.: Hypothyroidism in children, a 



?f 

: 

l~.~DlOr\C?’I\’E-IODINE C0NC:ENTHATION -- I 

1 i 6  

Synposium: ‘The mdiologv of endocrine 

21. \\’ilkins, L.: Epiphysial dysgenesis associ- 

22. 
disorders. I?ol. 31. Xo. 367. The Chil- 
dren’s Hospital, United Birmingham 
Hospitals. 

atecl with hypothyroidism. A.M.A.  J .  
Dis. Child., 61:13, 1941. 

childhood. 

.. . 

f 

&OWING LIP IK NE\\‘CASTLE UPOX T1-E: 

A Continuing Study of Health and Illness 
in Ym11lg Children within their Families, 
F. J. \I7. S~liller, et 0 1 .  Ne\\, York, Tht. 
Oxford University Press for the Kuffield 
Foundation, 1960, 369 pp., S5.75. 
111 order to appreciate this book oiie sliollld 

be fnmilinr with the volume on thr snme sub- 
ject “A Thousatid Families in Sr\vc;istle 011 

Tyne.” Thnt told of :ill the children born in 
Se\vcastle in  Mi~y and June of 1947 u.110 were 
intirnatel!- observed by Sir James Spence and 
his collaborators. During thc first !*ear of thrse 
r~liildren’s lives a complete record \\.as kcyt of 
their illnessrs a i d  other significant oI)ser\.ii- 
tiotis. 

This voliime contiiiues the intininte follo\v-up 
of the 847 cliildreii age 1 to 5 and their 
f;iniilies. The Imok should be of interest to 
cin!-one responsible f o r  the health of children. 
The pediatrician can find n~ucli of interest as 
Xcwcistle is comp~~r’~hle in miin!. t~.ays to 
cities of 300,000 people in this the United 
States. The growth, tlevelopment aud illness 
of these children is related to famil!, and et]- 
vironmentnl circiimstances. Despite lowered 
infumt mortnlit!. the stlld!. sholss there is still 
:I large amount of childhood infectious illness. 
There is also i1 considerable residue of per- 
maiient disnbilit!- found in the child under 5 
--mental (1eficienc)-, neurologic defects. poor 
vision, cerebral palsy and related problems. 
Disturbed behavirir i n  children seems to he 
deeply motrd in the personalities of the 
parents atid children and are not al\va\.s cas!- 
to recognize. The authors point out that child 

health and disease are closely related to family 
environment. Although most families care for ; 
their children, man? live in poor and over-, 
crowded hoiises where parents themselves are;! 
lieset lvith illnesses or instability. The authors, 
feel some of the \vay of improving the situa-‘ 
tion are educntioii of parents, physicians, hos- 
pitals and others responsible for child health. 
XIedical cducation can also be made more 
etfective in forwarding concepts i n  famil! care. 

The book is con\venientlF divided into sec- 
tioiis with summaries. The first section deals 
\\-ith faniilim and social and economic chnnges 
occrtrring over the 5-J-ear period. Part two 
discusses the child’s environment in ni:dical 
c’nre, hoiising and en\rirontneiIt. Part t111 re de- 
tails illnesses: four makes an appra id  of 
child illness and the resulting defects 011 cnter- 
ing school. Part five gives statistical &..I and 
cletniled techniques in a series of a p 1 ~ :  ,dixes 

Despite pertinent n i i d  useful infoi iti.ition 
iibout respirator!. disc-nse. accidrnts, dc.; elop- 
mental and behavioral problems, there i, also 
considerable less essvntial informittion. Some 
information regarcling socioeconomic factors in 
the Fatnilies a s  u d l  ns drtail of certain aspects 
of illness may not be- of broad interest. 

0 1 1  the xvhole, the volume is interestins and 
should be of value to the pediatrician if he  ir 
\villing to overlook the sometimes confusi~i; 
differences bet\veen the British and the Arneri, 
can medical and social scene. As thew chi1 
dren are to be follo\ved until age 15. t h r  nes 
volume covering their school years shoiild h 
of interest also. 

ROBERT \l’. DEISHER. 11 .D. 


