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Thcsc data further define t h e  complex aird 
intsrotirrg adjustments made by the newly 
b0rtl. 

Thyroidal Radioiodine 

Upltake Rate 

Measurement in Infants 
REPOSITORY rnrn6S- e p ~ L  
C3LLECTION 5 n d e r : s  t- xs / 

\ 2  

Introduction 

Considerable in forination has accumulated 
regarding newborn metabolic functions 
including data suggesting interesting altera- 
tions i n  several parameters of thyroid func- 
tion during the neonatal period. During the 
first several days of life, beginning as early 
as 12 to 24 hours of age, serum hormonal 
iodine values reach hyperthyroid 
There is a subsequent fall to normal levels 
by 2 to 3 weeks. Dowling et al.' have shown 
that thyroxine-binding capacity in the sera 
of infants, though increased, is less than that 
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of their mothers. Spafiord et al." and Marks , I 
et al.* have demonstrated a relative increase ' 

in II3l-labeled triiodothyronine red blood 
cell uptake in infants during the first week 
indicating that the neonatal elevation of 
serum hormonal iodine is not due to the 
increased thyroxine-binding protein. Neither 
can it be accounted for by dehydration. The 9 

extrathyroidal hormonal iodine pool must 
actually be increased during the first week * '  
of life; this excess thyroxine must be de 
rived either from an increased rate of k.~ 

hormone release by the infant's thyroid 
secondary to an increased thyroid-stim- 
ulating hormone ( T S H )  effect or from a 
decreased rate of hormone degradation by 
liver and/or peripheral tissue. The thyroidal . 
1131 uptake should be increased in the 
former and decreased in the latter circum-, I 

stance. 
Several r i p r t s  of ineasurements of 1"' 

uptake during the neonatal period have ap- 
peared. In general these are contradictory. . 
Elevated 24-hour 1131 uptake measurements ' 

have been reported by Van Middlesworth' 
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( 7  iiiiants. 2 to 3 tiny5 of age) and by 
Gomirnto-Sandrucci ;ind Sicola (8 infants, 
2 to 9 (lays of age). AIartmer ct al.D (70 
infants, 2 to 63 days oi age) antl Ogborn 
et al.1° (26  infants, 3 tto 7 (lays of age) re- 
ported IiortiiaI niem X h o u r  upt'ake 
values of 30.1 9; anti ,30.3Cb, respectively. 
The pl-csent investijytlon w a s  iustituted in 
a iurther attempt to clariiy neunatal thyroid 
113' uptake, especially during the first days 
oi life 1vhe11 the elevation ut' serum hor- 
monal iodine is occurring. 

Materials and Methods 
Bec;iuse of tlie possiblc inlliiclicc oi rcnal excre- 

tion, it \vas decidcd to compare t/ic 21-hour 1'" 
uptake \\.it11 earlier mmurcrncnt ol tlic thyroidal 
uptake ratc. .Application of siicli cariy measure- 
ments rclluires asscssrncnt oi tiic ctmtribution of 
nontliyroitlal radioimlinc in Iicck tissues, wliich. 
during tliis stage, may colitribulc as  niucli as half 
the total iicck counts. Kiiowlctlcc oi tlic relative 
ciiangcs iii iodide space w i t l i  tinic i i  a150 esscntial 
to the fractional uptake rat? cniculntions.' Thus, 
investigation of these pxrameters was also under- 
taken 

A brici sununary oi tlic early met;il)oIisni of a 
tracer dose oi rdimrxline hciore n siKnificant 
amount 1ca.vcs the thyroid gland in organic form 
will scrve to clariiy tlie obscrvntions made. T h e  
principlcs oi the uptake n iomremri i t  arc  the sanie 
for iniants ;is ior adults, antl dctnilcd mathematical 
descriptions have been puhlislied."." The following 
s~mbols and abbreviations are used in the discus- 
sion to follow: 

E indicates iraction oi the 1'" dose excreted 
renally up to time f ;  

G indicates fraction of the 1'" dose accumulated 
in the thyroid up to time 1 ;  
k minute-' indicates average iractional rate of 

removal of radioiodide, by the tliyroid gland plus 
the kidneys, Over the p e r i d  t = 0 to 30 minutes ; 

kl minute-' indicates corresponding rate of re- 
moval of radioiodide by the thyroitl gland; 

kl minute-' indicates correslontling rate of re- 
moval of rndioioditle by the kidncys ; 

AT iiitlicatn fraction of tlic 1'" dose measured by 
countinz Over the ncck at  time t ;  
P iiitlicata fraction of the I"' dose ranaininp 

in the imlitle space at  time 1 : 
Q indicatcs inc t ion  of the iotlitlc space rep- 

resented hy tlic cxtrathyroidal neck tissues visible 
to tlie countrr at  time t ; 

Qo indicates value of 0 a t  time t = 0 ; 
QCQ indicates value of Q at large values of f ;  
1 minutes indicates timc aitcr injection of the 

I= dose ; 

Fiskcr ct 01. 

1 

k 

G2, indicates observed 24-hour uptake as a 

r' liter indicates volume of the radloiodide 

T.', liter ii!dic;ites volunie of thc radioiodide space 

IV indicates patient's weight in ki1ogr;ims ; 

percentage oi the  1'" do.qe; 

space a t  time t ;  

at t = 30 minutcs; 

indicates ratio oi the averaxe value oi l / V  U P  * 

from zero to t nunutcs to tile average 1/V from 
zero to 30 minutes after injcction. 

.A tracer tlosc o i  radioiodine, injcctetl intraven- 
ously, mises ra1iidly with the circulating plasma 
iotlitlc and suhsc~liicntly tliffuscs more slowly into 
iiitcrccllular and intracellular fluids, with probable 
conrentratioti in saliva, gastric secretions, and liver. 
Tlius, the radiuiotliiie per unit volume of circulating 
plasma decreases, quite apart from any dccrease 
which rcsults from rcinoval of iodide by the 
thyroitl gland or tlie kidney. I n  other words, the 
apparent volume V of thc extrathyroidal "iodide 
spncc" iiicrcases with time after injection, ap- 
proaching asymptotically a rnaxiinum saturation 
valuc as Jiffuqion procectis. 

Concurrcntly with this tliKusion, radioiodide is 
removed from the plasma by tile thyroid gland and 
the kidneys at rates rcprescnting the clearance IS 
of iodide from a fixed volume of plasma each 
minute. If the intlitle space had a constant volume 
b', these combined clcaranccs would result in the 
removal oi a comtaiit percentage of the circulating 
iodide each minute. the fraction P reinnining being 
Riven by a simple cxporiential tern1 of the iorm e-"'. 
In practice, however, as diffusion progresses, V 
incrcascs, the iodide concentration tlccreases as 
I/l', and there is a decreasing percentage rate of 
removal by th).roitlal ant1 renal clcirarice. Such 
a dccrcasing ratc can be allowctl for by introducing 
a factor Q so tliat P=c-'9' represents the pro- 
portion oi the injected dose remaining in  the 
plasma iodide space f minutes after injection. The 
factor Q is proportional to the avcragc value of 
i/r/- t'roiii zero to f minutes, and it may be 
"iiormalizetl" to choose + = I  at  some arbitrary 
time after iiijcctioii ; this is customarily taken as 
30 ~iiinutes."~~' 

For tlcterniination of thc uptake rate the basic 
quantities to be considered are as follrnvs.'*u 

The  fraction G of the dose accumulated in the 
thyroid glantl a t  timc t : 

G= ( 1 - E - * + ' )  k J k  (1) 

E=( 1-c-"') k J k  (2) 

P=&-*+' - (3) 

Tlic fraction E of the dose cscretetl in the 
urine up to tinic t :  

T I w  fraction i' oi tlic close rcmniriing in the 
plasma iodide space at  time t : . .  

T h e  rate factor k~ represents the averace fiac- 
tional ratc of removal (per  minute) of radioiodide 
by tlie thyroid gland over tlic period t=30 minutes. 
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The corrc.hlwxitlirig rate ior the Iildtiqs is kl 
aiid the total k 

b=k i+k ,  (-1) 
In otlicr words, ovcr any Kivcii tiiiic f tile thyroid 

gland cIc;irs an average ainomt of 100 k,05" of 
the total radioiodide spacr cncli iiiinutc. 

The ;tsscswieiit ot tliyroid iuiictioii with radioio- 
dine tests clcpciitls primarily 011 tiic:isuring G so thxt 
k ,  or sonic fuiicttoti of k ,  iii:iy I)c calculated. :\ 
radiation detector aimcil externally at  the thyroid 
gland rcccivcs y-r:itliatioii from the thyroid dow 
fractirni (,' tugctlici \ \ i t l i  wii ic  r;idiation f r m n  
radioitxliiic in  the iicck miti -adj;icent tissues within 
the ficltl oi VICW o i  tiic lcntl colliniator. Tlie 
addition:d ratltntioii \vi11 rcprmcnt soiiie portion 
of the pl:i.snia r:idioi(xli(lr ir:ictioii I', say  QP.  so 
tiiat tire total ohsrrvccl neck rtnitciit. K, expressed 
3s a frnctioii of tlic irijcctctl tlosc, \ v ~ l i  be 

A'= Q P 4- G 
=QC-'$'L { 1 - - , . - ' $ I )  k l / k  (5)  

Tlic Fize  :i i id s I i . 1 1 ~  o i  ilir Ic;icI collimator on 
tiie rxli:itioii tieterror ilctcrniiiics (? ; obviously it 
is atlv;iiit:ipc~ous to Lcrp 0 s i i ia l l  so t i n t  C is more 
accurxtcly tlvrivnl iroii i  13lu:itioii 5. This can 
be donc I J ~  krcpbii~ i lw coliii i i i itor small in relation 
to the sizc oi tlic ~ ~ : t t i ~ i i t ,  I ) t i t  I;irgc cnoueli to make 
sure tli:it  :ill oi tlic t!iyroid gl:ititl is includtul in 
the field of view. 

The  value of (? v;rric~> ;il~prcci;iiily with time t 
af ter  injection. kcausc prcqwtioiially more t l i i -  
iusioii of iotlidc occurs w i t 4 c  t l i r  field viewnl by 
the detcctor; Q appc:irs it i  ~~r;icticc to tlccrc:isc 
asymptotically \vitli time t o  ;iii rqiiilii~riiini value 
which c:ui be found cx~ritiicnt;iliy. Fin;illy, for 
z given collimator Q will I>c larger for tlie sinaller 
patients Ixmusc the  tlctcytor views a larger 
fraction of tlie iotlitlc sl~acc iii w c h  cascs. 

Consideration of Equatioii 5 slioivs tliat when t is 
not great. say tip to ail hour or two niter injection. 
proper evaluation of Q P  i s  necessary so that G 
and kl are calculablc. IIowever, in this case only 
a roiigli nicasureincnt or estinute of tlie urinary 
Output E is needed because tlie rcnal rate k, enters 
into tlie calculations only ns a small correction. 

At  long times t .  such ;is 24 hours. P is nearly 
zero. QP is small, xiti IG~itatioii 5 gives the 24- 
lour per cent uptake as approsirnately 

U,t=IM) kJ (kI+hZ) (6)  
Equation 6 shows ~ I i y  tlie 21-liour uptake 

depends so much on tlic renal cscretion rate k? 
aiid wliy it tlocs not distiiiguisii hctwecii Iiigh aiitl 

v e n  high values of tlic t1iyroid;il clcaraiice rate kr. 
Tlic sciiitillatioli tlrtcctor i i w l  i t i  tile present 

iiivcstixxti(ni< eoiisislc.tl o f  :i 2 X 2 in .  Nal cryst:il 
nitli a roiiic;il t;ilrrrll 1 1 x 1  co1iitii:itor 3 i l l .  Itnig 
froin tlic crystd i:icc to t i i r  o p ~ i i  riicl. 7'11~ iiitcrii;il 

iliaiiirtcr \v:is 2 in. ;it ci-y<t;rl, wirlciiiiig t o  
2.5 in. :it tlic olrti ciitl. \Vit l l  the skin over the 
thyroid gland 1 in. from 1111- end of tlic coIIimator. 
3 circular rcgioii 2.6 in. (6.6 cni.) tli:mctcr was 

\vitiiin tilt iiinbral field of view. Thc detector \vas 
operated with 3 spectrometer scaler with tie 
\\ititlow set nt tlie 365-kiloelectron volt (kcv) Iy 
y-ray encrm; with this arrangemcnt tile back- 
groutid was kept low so that doses of 0.25:. 
to 0,jpc. of 1'" could he used in newborn trrm 
iniarits ;inti 0 . 2 ~ ~ .  to 0.25pc. in premature infants.* 

l'iic stcrilc tlwes. oi carrier-free Nal'' in 
3 nil. oi s;ilinc, were iiijectcti in term iniaim 
tlirougli a Imiyethylene uinbilical catheter wlrich 
;dso allowed timet1 I)l(m\ collections for ioclidc 
<pace tleteriiiinations. Radioiodine was administered 
iiitravmousiy vi:i scalp vein infusion sets in ihc 
i)ran:iturc iiiiaiits. Thereafter, 10-minute counts 
\vere made over the thyroid gland at  selected t in ia  
ai tcr  injection with the infant held firmly in 
~ ~ ~ i t i o i i  by ;I "I'lexicast" pillow. Urine collections 
wrrc made \citli ~mlyethylmc hags secured arotrnd 
tlic p i i t d i : i  \rith nonirritating rubber cancnt, 

For tncisurctncnts of the iodide space, 3 inl. 

iirl)arinizctl I h o d  samples were withdrawn at 
abtnit 8, 27, and 110 ininutcs after injection. 

The neck uljtake A' was calculated from the 
ratio of net counts over the patient's neck to the 
net counts with a rcfcrcnce st'andard 1'" source 
i i i  a war iirck ~~li ; tntoin oi approximately c m -  
I:ar:iblc diincnsiotis. Rlocxl for PI31 determinations 
\vas o1)tairiecI heforc xiministration of the radioio- 
rliiic nnrL at other sclectcd t i m a  in certain patients. 
PET was determilied by the method of Barker 
ct :li.la 

\\'liere iiidicatcd. tliyroid responsiveness was 
trstcil by atliniiiistr;ction of  i units of TSH, fol- 
lowed by :i rcpcat 1'" study begun 24 hours later. 

Results 
Pctertrritrutio~r o f  Iodide Space V.-For 

each riewborn term infant the iodide space 
* Prolonged thyroid 1'" dccty curves were drter- 

mined on 9 of tlie prcmature infants in the study. 
The effective half life ( T c f l )  was determined 
from the caicula-tetl biological half life (T, biol) 
and tiie radioisotope decay half life (Tm rudio) 
a s  iollows: 

T~.B= Tm biol . Tra rndio 
T u  biol+Tm radio 

1;alues ranaed lietween 2.8 and 6.7 days with 
x mean of 4.7 days. Quimby et al. have estimated 
the thyroid r:idiation dosage per microcurie I= 
per m m i  tliyroitl to I)c Yo rad." This estimate 
~ i s s i i ~ i i ~ d  :iii crfmtivc 1i;ilf life of 6 days and a 
splicric:il ~laii i l .  h lot l i fyin~ this rstiinate for the 
4.7-dny Iialf .lift ;ind using :in cstirnxtc of thyroid 
gl:tiitl wciglit O F  0.5 Kin. lwr kiioxrmii body weight, 
thyroid r:iilioi(xliiic in tlic Iwsciit stutly ratiKed 
Crrrrn 0 O?pc. t o  0 . 3 5 ~ ~ .  : i d  tllyroid radiation dose 
froin 2 to  21 rad. hlc:in tliyroid radiation in the 
term infants prcsiiming ;i constant I= dose of 
0 . 5 ~ ~ .  \vas 14.8 rad. 
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TABLE I.--Apparrnt 1 . I J / i b l t l C  of lociirlc Spacc pcr 
( j p t i r  bj,'cigltt ~ J C  Infaiif.7 ut DiJerot t  

Times At t r r  I rijcrtintt 

A l a n  Tinlo After 
Injection. Min. 

b(unnt1ty 8.3 27.3 115.1 

30 31 30 Sumirer 01 tests 
Nean Vi11'10 literlkg 0332 0 418 0470 

Shndnrd error 0 1  t h e  mean rnluo 0 012 0.013 0.010 
Suodsrd devintion u w 0 o i 3  0.106 

V was calculated froin the radioactivity in 
the plasma. 0 b s e n . d  ~ a l u e s  of Ar and E 
were plotted ;iF;iitist t so that these quantities 
could be iountl ior the ;ctual times oi col- 
lection oi the blood siieciniens. 

Extrapolation o i  the A\- curve back to 
zero time gave the initial neck fraction 
Q=Qo,  and Q at later times was taken to 
be 0.665Q0. This approximation was ade- 
quate ior calculating P ,  involving errors in 
P of less than 1%. 

\Vhen urine collections \vere reliable P 
was calculated by combining Equations 2, 
3, and 5 to give 

p= ( 7 )  I - N - - E  
1-0 

I 

Alternati \~ly,  \\,here urine collectioi~s 
were not ;ivailablc, /<1,/k was taken to be 
equal to the neck fraction h7t,440 measured 
;it 21 hours; this gives, with Equations 3 
and 5 

1:iiialIv the iodide space I ' was calculated 
by dividing P by the measured concentra- 
tion of the plasma 

l-=P+ ([J/l') 
Observed results for I-/lL', where W is 

the infant's body weight in kilogram, are 
sunimarizcd in Table 1. 

The mean l/-/LIz* at t=27 minutes is sig- 
nificantly different (probability P <0.001) 
from that at  t=8 minutes, and the change 
between values at t=27 and t=115 is also 
significant (probability P = O . O l ) .  

N U Y J W Z I ~ ~ Y I ~  Facfor +.-The normalizing 
factor I#I was defined as the average value of 
l /Y  up to tinie t expressed as a ratio to 
the average up to t=30 minutes. For the 
group of infants studied LV/V (from Table 
1)  was plotted against f ,  enabling C#J to be 
calculated froin the cumulative areas under 

0 \ 0 50 100 

TIME IN MINUTES AFTER INJECTION 

. Fisher ct al. 
i' *. , 

?- 

45 

Fig. 1.-Ratio of body 
weight t o  iodide space in 
newborn infants at dif- 
ferent .times after in- 
jection. 
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TABLE 4.--Krszcits of Tests 011 I ‘rcrnattcre litfarits 

r a t i e n i  

2; 

2s 

29 

30 

31 

32 

33 

34 

35 
36 
3: 
38 
38 
40 
4 1  
42 
43 
44 
45 
46 

A Re 

10 hr. 
1 2  (la 
30 lir. 
7 da .  

1G lir. 

42 da 
39 l i r .  
17 113. 

iG hr 
13 dn. 
35 hr. 
12 da.  
39 hr. 

9 dn. 
23 hr. 
I4 da. 
s ds. 
5 da. 
6 dn. 
6 43. 
IO da.  
I 1  d3.  
I 1  d a  
I i  dn. 
I i  dn. 
19 do.  
50da.  
55 dn.  

13 dn 

Tlisroldal 
Upt:1lie KalQ 

IV, Kg. I O ’ t ,  

1.87 2.91 
0.09 

1.42 5.90 
2.90 

I .56 2.06 
0.44 

2 58 1.12 
1.62 4.73 

0.26 
1.42 2.25 

.1.40 1.16 
190 4.67 
1.97 1.35 
I .72 3 40 
1 72 0.54 
1-76 3 07 

0.24 
I 7 2  0.53 
1 50 0.73 
I :4 1.74 
197 0 92 
2.16 0 81 
2 21 0.75 
I 94 0.65 
2 13 0 68 
2 21 0.50 
2 24 0.64 
1 84 0.00 
1.76 0.05 

24-Hr. 
Uptake 
ut. 770 

W.9 
7.8 

84.6 
50.1 
69.3 
13.5 
24.8 

21.0 
46.2 
20 5 
74.1 
13.2 

21.8 
47.9 
16.2 
19 0 
18.5 
24.4 
25.0 
19.8 
11.8 
14.5 
14.6 

15.9 
8.1 

14.2 

101 

11.8 

As espected. thc actual \ ,due of the initial 
neck irnction Q,, \vas found to depend on 
the weight II’ o i  t h e  infant, decreasing as 
W incrcnscd. Obscrvntlons of 32 infants 
and children u p  to 12 months old are plotted 
logarithmically in Figure 3. The straight 
line shown \vas ioimd by least squares and 
represents the relation 

Q=0.32 lt’-“.7a (10) 

i 
I 

Values of QO calculated from the fonnu1:c 
agree with the observed values with a stand- 
ard deviation of zk13.5%. 

Cliizical Results.-Clinical results on a 
series of 26 normal newborn term infants 
are shown in Table 3, those on 21 premature 
infants in Table 4, and results on 5 term - 
iniants, whose diagnoses might be ques- 
tioned, in Table 5. 

The mean iodide space per unit weight, 
a t - 3 0  minutes after injection, for all 30 
tabulated values was found to be 0.432+ 
0.072 (standard deviation) liter per kilo- 
gram. 

For the euthyroid term group, the average 
age was 25 hours (12-48 hours), and the 
mean PBI was 9.1k1.4 (standard devia- 
tion) pg/lOO ml. 

Neither k1 nor Uz4 values would be ex- 
pected to have a normal statistical distribu- 
tion: however log k l  should do so by 
analogy with results for adult patients.” 
Statistical limits were calculated for thesc 2 
parameters on that basis, with results for 
the euthyroid term infants as shown UI 

Table 6. 
The results of kl and Uz4 studies in 20 

‘premature infants are shown in Table 7. 
The U B ~  values are shown graphically in 

Figure 4 for the 47 term and premature 
infants. 

Comment 
The present results confirm an elevated 

thyroid 113’ uptake rate very early in the 

TAn1.E 5.-Rrsidts of Tcsts 011 Infot i ts  with Possibly Dorchtfiil Diagnoses 

Pallent Description 

Iodlde 
Thyroldal Renal Space 24-IIr. 

Pi31 Rnte Bote I’,,/W U p b b  
Age. Hr. W, Kg. rg/100M1 1ODkn 1 0 ’ k s  LfterlKg Ut,% 

47 Urenst fcd by motlirr glrcn IVP 
2 months before ciclirery 
TSlI 

48 

TSIC 
40 >lnng[ol 
GO Tliyrotor lc  ino l l~r r  nii  260 m g .  

K C I O ,  cvcry G lir , Lrsl 5 ino. 
of pregnnucy 

51 ‘Tliyrotoxlc niollicr. nirL1iiiii:izoIe 
10 n i ~  ovcry 8 Iir. 1 s t  2 mo. 

26 
144 
192 
16 

312 
338 
16 

Ulrtli 
12 
48 

1.14 
40.3 
30 

192 

2.88 8.6 
2.95 8.8 

2.64 6.0 
3.00 5.6 

2.34 
2.46 4 .2  

3.6 
3.6 
5 .6  

?.MI 7.1 
3.49 9.9 
3.70 8 2  

0.66 
0.16 4.3 
1.03 

0.34 1.9 
2.10 3.2 
1.08 0.8 

4.04 1 .o 
4.03 3.1 

0.46 

0.67 

o.ar 

0.46 

28 
10 
21 
14 
13 
37 
20 

I4 

69 
80 
46 
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:-II term iii inii t . i  

JII 21 ~>reiiiaturc 
.ults on 5 t e w i  
night be ques- 

er unit tveight, 
m, t'or all 30 
to be 0.4322 
liter per kilo- 

up, the averagc 
ours), and thc 
tandard devin- 

. would be cs- 
i 5 t ica 1 dis t ri bu- 

clult paticnts.IY 
red for thesc 2 
ith results ior 
as shown i l l  

Ild do 5 0  by 

I studies in 20 
in Table 7. 
graphically in  

md premature 

111 an eleixtcd 
\. early in thc 

> I'$ 

it)clide 
Spnce 24-Ilr. 

; ' # . / l V  Uptake 
iter/Eg Ut, % 

0.15 2s 
10 
21 

0.57 14 
13 
37 

0.37 20 

14 

GO 
60 

0.46 46 
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i TABLE fj.--Kesdls for Elctkyroid Tcrrri Ii1fant.c thus, iinpairetl excretion of iodide does not 
account for  tlie increased rate of uptake. 
The irlitially elevated 1J24 values returned 
to the generally accepted normal rarlge of 
roughly 107; to 40% by 5 days of age. 

The inothers of the infants i t i  the present 
investigation were, as far as determinable, 
on a normal diet without evidence of low 
iodine intake or excessive illgestion of 
goitrogenic foods. In  most cases little or no 
analgesia was given durillg- labor. An OC- 

casiorlai patient received 50 to 100 mg. of 
meperidine (Dernerol) hydrochloride and/or 
25 to 50 mg. promethazine (Phenergan) 

55 Llmlis 1 %  Limits 1 Parameter Mean Value (f1.65 S.D.) kk2.33 S.D.)  

P D I  r6. % 9 1  6 8 to 11.3 5.9 to 12 3 
C p w h  rate 2.37 1.13 t o  4.97 0.83 to 6. i5  

IO'kl 

optate  % 
;+bow 62 37 to 82 28 to 87 rif . 

neonatal period. This efiect appears by 12 
10 24 hours, corre]atj11~ with Danowski's 
observation of maximal PCI values between 
I and 3.4 days.' Values are similar in term 
and premature in iants. The Liz+ values cor- 
relate well with the k l  values at 30 minutes; 

TABLE i.-Rcsirlts irr Prcrltatloc Zitfarits 

Age Rnnge Parameter >lean Value 6% Llmlts 1% Llmlts 

0 t o  i 6  hr. 

5 to 55 dn. 

3.3i 1.81 to  6.30 1.40 to 8.13 

0.58 ! 0.12 to 2.74 0.06 to 5.19 

Uptake rate I O ' k  L 

24-hour uptake % 72 t 34 to 93 21 tow 
Cptake rate 10'k I 
24-hour uptake % 17 P 8 to33 6 to 42 

8 studies. 
t Gstudtes. ornl t t ing Pntlenl 30 
1x1 studics. ornlttlng Pntlent 45.  
i 21 studles. 

100 x F 
80 

* 

X I  
x x x x  

X 

x PREMATURES 
NEWBORNS 

X 

x x  

X 

x 

I I I 1 I I f 
IO 20 30 40 50 60 

AGE IN DAYS 
Fig. 4.-Twcnty-four-l1our I"' uptake values cluriiig the neonatal period. 
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hytlrocliloritltr during the course of labor. 
Tlicrc \vas 1 1 0  correlation of this niedication 
with high or lo\v k ,  or 

The several iniants listed in Table 5 fur- 
ther substantiate the direct correlation of 
thyroid ;icti\.it>. I TSH effect) with the 
beruin Iioriiio11;11 iodine values. In the first 
2 infants I I’atients 47 and 45) low thyroidal 
I1:l1 uptake \yere observed. In Patient 47 
thtr fall i i i  ul’take rate was associated 
with n inll i i i  1’131. 111 Patient 48 the very 
low initial uptake was observed with 
relatively loiv I’I!I which was unchanged at 
13 clays. Ttiyroicl gland blockage was ruled 
out by TSI I ;i(lministration. These iniants 
have subsetlueiitly tlevelopetl normally. The 
only explanation available for their low 
resI)onses i h  an absence or a relative unre- 
simnsiveness to the factor( s) which usually 

values. 

stimulates t h \ m i i t l  hyperactivity neonatally. 
The iourth infant  in Table 5 (Patient 

S O j  1v;is born to n thyrotoxic mother \vho 
hnd been 011 ! gin. potassium perchlorate 
daily during thc  last months of her preg- 
nancy. The ini;int \vas born with absent 
distal femoral ;uid In-oximal tibial epiphyses 
and was quite lethargic. Maternal and cord 
PI31 levels ivcre loiv, and the infant’s PBI 
tlccreasetl during the first 48 hours. The 
(‘24 valnc at 72 hours was quite low. The 
ilni; l t i t  did jvell, however, and by 17 days 
iioriii;tl gl;untl iunction had returned. 

Thc f i f t h  ininnt in Table 5 (Patient 51), 
also the procluct of a hyperthyroid mother, 
hntl 110 apparent thyroid effect of the 
iiiethilnazole ( Tapazole) dosage employed 

and had the usual thyroid hyperactivity 
neonatally. 

Thus the usual elevation of serum hop 
iiionaI iodine values in the neonatal period 
appears to be associated with an increw! 
TSH effect manifested by an increased ralc 
of 
ciated with increased relative saturation of 
thyroxine-binding protein indicating an CX- 

panded extrathyroidal hormone pool aid, 
presumably, a relative increase in free thy 
roxine levels. The most likely explanation 
for the observed thyroid hyperactivity would 
seem to be a hypothalamic stimulation ai 
TSH release. A recent report of similar 
TSH values by biologic assay in matern;rl 
and cord seralD would correlate with l l ic 
equilibrated PI31 and butanol-extractablc 
iodine (I3EI) values in maternal and cord 
sera and suggest that the stimulus for TSIl 
release most likely occurs at the time oi 
birth or postnatally. Since the observed tinir 
lag of response of 1131 uptake to TSH is S 
to 10 hours20 and the increased uptake is 
observed by 12 to 24 hours, the TSII stiiii- 
ulus would seem further localized to birth 
or  the early hours thereafter. 

Cold exposure has been shown to bc a 
potent stimulus for TSH release, presum- 
ably by way of the hypothalamus.2l Con- 
versely, dinitrophenol and salicylatc, by 
increasing metabolic rate, have been showii 
to inhibit TSH release in the face of loiv- 
ered serum hormonal iodine 
Eody temperature generally falls shortly 
after birth with recovery within a fcw 

uptake. hloreover, this effect is assv . 

h99i It T 
Fin. 5.- hfem ;end 

range of rectal tcmlrra- 
ture in 24 newborn term 
infants during fiKt Js 
tiours. Vdues at G Iiourr 
:~nd beyond were dcrird 
from axillary tempera- 
ture by addinrr 2F. 

! 
94! I 

0 6 12 24 36 48 
AGE IN HOURS 
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hours.*' Such was found to be the case in 
the present group of infants. F ip re  5 shows 
the mean and range o f  rectal temperatures 
in 25 of the  infants listed in Table 3 of 
the present study at various periods after 
birth. These infants were kept in OF 

plastic cribs in the newborn nursery at a 
reasonably stable environmental temperature 
of about 72 F. Oi the infants listed in 
Table 5 ,  Patient 48 did not manifest a tem- 
perature above 96F until 48 hours of age. 
The other infants listed had temperature 
responses similar to the infants in Table 3. 
This neonatal fall in temperature would 
otier one possible explanation of the thyroid 
hyperactivity. 

A second possibility is a ''stress" response 
to the birth process. Such a response might 
involve several factors including epinephrine 
release, corticotropin release, and hydro- 
cort:sone (Cortisol) The usual 
"stress" response includes corticotropin and 
hydrocortisone secretion with concomitant 
thyroid inhibit ion .x*2a Thyroid hyperactivity 
is an unusual response to stress and might 
be conditioned in the newborn by a sug- 
gested, although unproven, impairment of 
hydrocortisone secretion 27Jo which, by 
virtue of the pssible reciprocal relationship 
of thyroid and adrenal function during 
stress, might, theoretically at least, enhance 
TSH secretion. An increased TSH effect 
with adrenal insufficiency has not, however, 
been confirrnedz6 Epinephrine secretioii in 
response to stressful stimuli in the newborn 
is probably normal 31; epinephrine has been 
observed to stimulate thyroid activity and 
has been postulated to act either by stim- 
ulating TSH secretion or by enhancing the 
peripheral utilization of 

Estrogen, too, has been shown to stim- 
ulate TSH secretion and might offer yet a 
third explanation of the thyroid hyperac- 
tivity. The estrogen stimulation is, Iiowcvcr, 
coinplicatetl by an associatctl elevation of 
t)iyroxitie-liiitliiiff protcin and a tlccrease in 
calculated f rec thyroxinc Imds which may 
stimulate TSI-I release secondarily rather 
than directly by way of the hypothala- 
rn~s .~ ' -~ '  Estrogen levels are normally 

increased in newborn iniatlts,"j but the pos- 
sibility of xi estrogen release phenomenon 
from the placenta during delivery iurther 
increasing newborn estrogen levels and stim- 
ulating TSH release might be considered. 
The possibility of TSH production by the 

seem unlikely; Greer was unable to demon- 
strate TSH or corticotropin production in 
hypophysectomized pregnant rats36 

Five of the 26 i n h i t s  in Table 3 were 
born by elective cesarean section and mani- 
fested the usual thyroid hyperactivity neo- 
natally. This would suggest that placental 
factors play a less likely etiologic role. A 
postulated placental estrogen efiect would 
be expected relatively to accentuate the thy- 
roid response in infants delivered vaginally. 
Vaginal delivery produces greater elevations 
of maternal and cord 17-hytlroxycorticoster- 
oid levels than does elective cesarean 
section.29 A relative hydrocortisone defi- 
ciency neonatally as etiolocgy of the alteration 
in thyroid function might be expected to 
produce lesser responses in infants delivered . ' 

by the vaginal route. The most likely hy- 
potheses, then, to explain the neonatal thy- 
roid hyperactivity would seem to be a TSH 
stimulation secondary to the neonatal fall 
in temperature or an epinephrine response 
with a secondary TSH stimulation. 

placenta with release during delivery would 8.1. 

8. 

Summary and Conclusions 
Thyroid activity during the neonatal 

period was investigated in  term and pre- 
mature infants by nieasurements of the 
thyroidal clearance rates and 24-hour ~ 

1131 uptakes. Sirnultaneous PBI measure- 
ments were obtained in the term infants. 
Iodide space and renal iodide excretion were 
measured to allow calculation of kl, the 
fraction of the iodide space cleared per 
minute by the thyroid. Mean iodide space 
was 0.432k0.072 liter per kilogram. Mean 
1'131 at I mean age of 25 hours in term in- 
fants was 9.1+-1.4pg. 9;. During the first 2 
days in term infants the nwnn k l  value was 
2.37x pcr minute and niean 24-hour 
uptake 62%. In  ~mii ia turc  infants within 
the first 3 days mean kl was 3.37)(10-3 
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I)cr iniiiutr arid iiiean 24-hour uptake 72c/o.. 
h1e;in k l  iii 21 preiiiature infants between 
3 ;~nd jj (lays was 0 . 5 8 ~ 1 0 - ~  per minute 
antl niean ?+hour uptake was 17%. The 
elevated I uptake values iieonatally were 
tiinniiest Ly 10 hours o i  age ant1 sccli1etI 
m;iximaI within the first 48 hours. Values 
returned t t ~  Il(Jr1llal by 5 days oi  age. 

Xconatai thyroitl function, characterized 
by an early, marked elevation of serum 
horinonnl iodine with 211 associated relative 
s;ituration of thyrosiiie-binding protein. a p  
pears to bc sccontkiry to an increased TSH 
effect manifest by 211 early inc rease  in thy- 
roid 1'31 upt;ike r;ite. I'ossihIe etiology of 
this iieoiiatd ?'SI I stimulation is discussed. 
I he niost iiI<d!f hylHi[tiexs woultl semi to 

1% a TSI-1 stiniulntiuii secondary to the 
iieonatal fall in tcmpcrature and/or a stress 
(epinephrine') response. 

\\'c are vcry p-ntciul  to 1Lrs. J3. h'irwtown, l3.S.. 
arid Mrs. hl.  1. \\'icks, 1t.T.. ior tlieir able assist- 
;tiice with the cxpc.rimcnt~ and to 1)r. 13. J. Rarn- 
Iiard, Professor of I<:icirology, and Dr. T .  C. 
Panos, Professor oi I'ctli;itrics, ior tlieir Iielpful 
criticism of thc manuscript. 
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THE COST OF FEEDING BABIES 

Most pediatricians arc clili in tlteir recommendations to inothcrs rrgxrtliiig milks, vitamins, 
a i d  solid foods to feed infants. S a n e  may have Ixtcii conccriinl a b u t  the cost of such items 
to their lmv income families a i d  h w e  made cursory comparisons of difiercnt brands and 
kinds of food. Tliose atnong you who really would like to know how best to advise mothers 
to feed their babics cconotnically shmtld obtain and reatl a rcport by tlie Joint Committee on 
Economics and Efficiency in the Preparatioii of Incant Fcctlirin of tltc Food antl Nutrition and 
hlaternal and Child Health Sections of the American I'ulilic Health Associatioil. 

One can satisfactorily feed a Inby for  the first 6 months for about $26.00 i f  one k n o ~ s  
how. We'd guess most pediatricians advise a reginlet1 of similar efficiency wllicli costs twice 
as much. A lot of pc+atricians probably never have askctl Iiow much it costs .to fwd  a mother 
enough extra food for  her to  supply breast milk (;tbniit 40t a (lay). Sonie of the niothers in 
your practice woulti probably appreciate your going to the trorible to familiarize yourself 
with this one. 

Food ant1 .Nutrition and hlaternal and 
Child I-Iealtli Sections 

SOME I'IZACTICAL CONSIDERA- 
TIONS OF ECONOMY AND EFFI- 
CIENCY I N  I N F A N T  FEEDING 

Armr. 1. Public Health 52:125 
(Jan.) 1962 
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