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1 Introduction

Neonatal screening for primary congenital hy-
pothyroidism has become widespread; it is esti-
mated that 7 to 9 million newborn infants are
tested yearly throughout the industrialized
world [4]. Although an elevated serum thyrotro-
pin (TSH) level is the criterion for diagnosing
this disorder, the predominant screening
method in the United States is to first determine
thyroxine (T4) from bloodspots on filter-paper,
then to obtain follow-up TSH levels in infants
with the lowest 5% to 10% of T4 levels. The
combination of low T4 and high TSH leads to
the diagnosis of congenital primary hypothy-
roidism and to treatment with thyroid hormone
preparations after the initial laboratory results
are confirmed by serum testing. In California,
neonatal thyroid screening began in 1980 and
about 400,000 infants are tested yearly. As in
most states and countries, once the diagnosis is
confirmed by low T4 with high TSH no further
testing is mandated to confirm the etiology,
severity, or prognosis of the disease. One can-
not distinguish between patients having tran-
sient hypothyroidism, dyshormonogenesis,
transient hyperthyrotropinemia, ectopic thy-
roid, or complete athyrosis. Since athyrotic cre-
tinism and other severe forms of congenital
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hypothyroidism require a lifetime of thyroid
therapy, it is important to distinguish these
from milder and transient disease or from dys-
hormonogenesis as early as possible. Thyroid
scintigraphy is one of the most effective aids in
the specific differential diagnosis of primary
congenital hypothyroidism. We believe that
scintigraphy and other tests aimed at clarifying
the diagnosis should be performed in all infants
with this condition before starting thyroid
treatment. We report our experience in 46 in-
fants with congenital hypothyroidism, 40 of
which had thyroid scintigraphy.
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2 Materials and methods

In the 6.6 years between September l, 1978 and
March 31, 1985, 166,300 newborn infants born
at hospitals of the Northern California Kaiser
Permanente Medical Care Program were
screened for congenital hypothyroidism. Full-
term infants with T4 levels more than two stan-
dard deviations (> 2 SD) below the mean on
filter-paper bloodspot tests also had TSH tested
from these spots. All premature infants (birth
weight < 2,500 g) and all infants in intensive
care nurseries received the TSH testing. Adding
these groups to the low T4 group of full-term
infants resulted in TSH testing for 7.3% of all
newborns (12,060 infants). In infants with TSH
greater than 25 μΐυ/ml, serum testing was re-
peated. Both T4 and TSH were assayed from

the filter-paper bloodspots by double isotope
radioimmunoassay using reagents supplied by
Nichols Institute Reference Laboratories, Los
Angeles, California; follow-up on presumptive
positive tests for T4 and TSH used the same
method in fresh serum specimens. Triiodothy-
ronine (Ta) uptake was assayed by the talc
method of LIN and Dos REMEDIOS [11]. Techne-
tium-99m imaging (Tc-99m) was performed by
administering 200 μ(ϋί as pertechnetate intra-
venously and imaging with a pinhole collimator
in 20 minutes. Iodine-123 (1-123) imaging was
done by administering 5 μΟί orally as sodium
iodide and imaging with a pinhole collimator
in 24 hours. Use of Tc-99m and 1-123 imaging
in newborn infants, including techniques and
absorbed radiation dose, have recently been
described [7].

Table I. Pretreatment blood T4 and TSH level in relation to thyroid scintigraphy results in 40 infants with primary
congenital hypothyroidism, Sept. 1, 1978-March 31, 1985.

Athyrosis Ectopic or Hypoplastic Thyroid Normal Gland

Case no.
(Tc or I)

12(1)
13 (Tc)
14(1)
15 (Tc)
17 (Tc)
21(1)
24(1)
27(1)
29(1)
32(1)
35(1)
36(1)
38(1)
39(1)
41(1)

T4
Gig/dL)

5.7
2.4
1.0
1.0
2.3
1.8
0.9
1.9
1.1
1.9
6.0
0.3
2.3
5.3
1.8

TSH
(μΐυ/mL)

250
218
167
363

1500
311
231
230
479
318
350
754
343
691
391

Case no.
(Tc or I)

11 (Tc)
20(1)
30 (Tc)
42(1)
43(1)
44(1)
46(1)

T4
(μΕ/dL)

7.6
1.6
9.3

11.4
3.5
7.2
2.2

TSH
1 (μΐυ/mL)

222
243
151
195
602
171
306

Case no.
(Tc or I)

5(Tc)
6(Tc)
7(Tc)
8(Tc)

10 (Tc)
16 (Tc)
19(1)
22(1)
23(1)
25(1)
26(1)
28(1)
31(1)
33(1)
34(1)
37(1)
40(1)
45(1)

T4

6.7
2.4
4.0
8.5

10.3
11.3
4.4
2.9
1.1
0.8
8.7
4.1
7.0
1.9
6.6
5.9
9.2
2.9

TSH
(μΐυ/mL)

77
171
308
178
84
67

231
277
350
408
246
316
155
447
214
200
137
358

No cases
15 (37%)
Mean 2.0 433
Range 1.0-6.0 131-1500

7 (18%)
5.0 270
1.6-9.3 151-602

18 (45%)
5.1 235
0.8-11.3 67-447

Tc = technetium-99m; I = iodine-123
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In the 46 infants with congenital hypothyroid-
ism, the procedure changed as the importance
of thyroid scintigraphy was realized. Early in
the study, in the few scans performed, Tc-99m
was used; most recently, we have preferred to
use 1-123 in scintigraphy [7].

Clinical and laboratory follow-up evaluation of
all cases in our Northern California facilities
was monitored through a regional center hav-
ing a medical director (E. J. S.) and full-time
nurse specialist (M. B.), allowing consistency of
diagnosis and management and prompt com-
munication with the patient's primary physi-
cian.

Johanson-Blizzard syndrome [8] with subse-
quent marked developmental delay and short
stature in spite of adequate thyroid replace-
ment. Six children of hyperthyroid mothers had
received propylthiouracil during pregnancy. All
these infants had low T4 values with slightly
elevated TSH (between 25-80 μΐυ/ml), but in
all instances repeat serum studies before age 14
days showed spontaneous return of T4 and TSH
values to normal; none of these is included in
our series of hypothyroid infants. During the
first two years of the study before the value of
scintigraphy was recognized, only two of the
six cases had this test; 38 of the subsequent 40
cases had scintigraphy.

3 Results

Of the 166,300 infants screened for T4, 12,060
(7.3%) were tested for TSH. Presumptive posi-
tive tests (low T4, initial TSH more than
25 μΐυ/ml) were found in 280 (1 : 655), 46
(1 : 3615) of which were diagnosed as having
primary congenital hypothyroidism by demon-
strating persistently high TSH levels at repeat
serum testing. Of these 46 patients, data for 40
who had thyroid scintigraphy performed are
summarized in table I. Eighteen (45%) of the
40 infants had normal thyroid scintigrams, 15
(37%) showed absence of the thyroid gland,
and seven (18%), ectopic or hypoplastic glands.
Although the athyrotic infants had significantly
lower mean T4 and higher mean TSH values
than those with ectopic or normal-appearing
thyroid glands (p < 0.05), there was a wide
range within each of the three groups, so that
no conclusion regarding classification could be
drawn in an individual case. All infants had the
diagnosis confirmed and scintigraphy per-
formed before starting therapy at the mean age
of 14 days. One infant had Down syndrome
(T4 2.1, TSH 143, no scintigram performed).
Two patients were twins: twin A had a normal
scintigram and relatively mild disease, in which
the TSH level rose from 67 to 136 μΐυ/ml in
three weeks; twin B had athyrosis at scintigra-
phy with a TSH level of 1,500 μΐυ/ml. One
patient had dysmorphic features suggesting

4 Discussion

Thyroid scintigraphy is a valuable technique for
elucidating the specific diagnosis in congenital
primary hypothyroidism, and we believe this
imaging process should be performed in every
case before starting what might be a lifetime of
thyroid therapy. As pointed out by HEYMAN, et
al. [6], thyroid uptake and scintigrams differen-
tiate athyrotic and ectopic hypothyroidism
from other causes of abnormal thyroid function
in the newborn infant and we agree with these
authors that 1-123 is superior to Tc-99m for
study of the thyroid gland in neonates. More-
over, this test need not delay diagnosis and
treatment; in our series of 40 cases, the mean
infant age at scintigraphy was 12 days and
therapy was begun by the mean age of 14 days,
well below the age reported in published series
from other programs [5, 9, 10, 12, 14]. The
longer delay in performing scintigraphy in the
series of HEYMAN, et al. [6] perhaps represents
difficulty in coordinating the multistate New
England Regional Hypothyroid Screening Pro-
gram, from which the cases were drawn. This
emphasizes the discrepancy between the diag-
nostic and follow-up aspects of a large screen-
ing program and is a point in favor of smaller
programs in which early, accurate diagnosis
and prompt treatment can be more easily coor-
dinated [15].
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Eighteen of our 40 patients were found to have
apparently normal thyroid glands at scintigra-
phy compared with six of the 16 cases of HEY-
MAN, et al. [6], By contrast, earlier international
studies suggested that thyroid dysgenesis was
the predominant factor in congenital hypothy-
roidism. The Second International Conference
on Neonatal Thyroid Screening [4] reported
that 90% of primary congenital hypothyroid-
ism is caused by thyroid dysgenesis, about two
thirds being thyroid ectopia and one third agen-
esis. Of the 48 infants having scintigraphy in
the Toronto series of PRICE, et al. [14], 30 were
described as having dysgenesis (athyrotic, ec-
topic, or hypoplastic). There are several pos-
sible reasons why the recent studies in this
country find an anatomically normal or
goitrous gland in a much larger percentage of
cases. First, the etiology and incidence of the
condition may differ from country to country.
Second, improved techniques for thyroid scin-
tigraphy are likely to demonstrate thyroid
tissue in the neonate in instances when less
advanced methods show no gland. Thus, false
results would favor agenesis, resulting in a mis-
leadingly high estimate. The absence of goitrous
glands in our series compared with others [6,
14] deserves mention. Standards for normal
thyroid gland size in the newborn are lacking.
In the presence of thyroid tissue in the normal
location without a clinically enlarged thyroid
gland, we have hesitated to diagnose goiter.
Moreover, since our patients were treated at a
significantly younger age than in the previous
series mentioned [5, 6, 9, 10, 12, 14], it is con-
ceivable that if therapy were delayed, in some
of our patients a goiter might have developed.
Continued experience in more patients, using
newer improved techniques for thyroid scintig-
raphy, should settle the question of relative
incidence of normal and dysgenetic glands in
congenital hypothyroidism. Recent studies have
suggested that ultrasonography and serum thy-
roglobulin measurements may be helpful in
classifying congenital hypothyroidism [2, 3,13].
Serial measurements of T4, free T4, Ta, and
TSH may also aid in diagnosing borderline
cases. In the absence of thyroid enlargement,
correlation of these laboratory parameters with

thyroid scintigraphy can be expected. For ex-
ample, a minimal rise in TSH in conjunction
with consistently normal or only slightly low
T4, Ts, free T4, and thyroglobulin on serial
measurements tends to make suspect a scinti-
gram reflecting athyrosis. These correlations
are well illustrated in our cases involving twins;
the twin with athyrosis on a scintigram had
very high and rising TSH (1,500 μΐυ/ml) and
very low, falling T4 (0.7 ng/ml), whereas the
twin with a normal scintigram had much lower
TSH (maximum, 143 μΐυ/ml) and higher T4
(11.3 ng/ml).

Thyroid scintigraphy findings have clinical ap-
plication in the decision to start and continue
thyroid therapy. In proven athyrotic patients,
continual treatment is necessary throughout
life; the same is true in most patients with
ectopic glands. In patients with normal-appear-
ing thyroid glands at scintigraphy, the decision
to treat varies in each case. In infants who show
minimal laboratory evidence of congenital hy-
pothyroidism, serial testing of serum for T4 and
TSH for a few weeks might eliminate the need
for treatment by demonstrating transient hypo-
thyroidism with laboratory values returning to
normal. In the presence of a normal scintigram,
even if treatment is elected, therapy might be
discontinued at an early age and the patient
retested. In this group also, dyshormonogene-
sis, with its genetic implications, may occur.

The diagnosis of congenital hypothyroidism
should be confirmed by detailed repeat and
specific testing including thyroid scintigraphy
before therapy is begun; this is necessary to
avoid unnecessary thyroid treatment. In a
screening program using an empirically selected
low T4 level as the criterion for TSH testing,
it is tempting to begin treatment before the
diagnosis of primary hypothyroidism is con-
firmed by further diagnostic procedures. Al-
though most large thyroid screening programs,
California's included, have centralized, stan-
dardized laboratories with excellent quality
control for screening procedures, the follow-up
diagnostic testing and subsequent clinical care
are more diffuse and less well monitored. Ad-
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ministering thyroid hormone to normal infants
in therapeutic amounts may not be entirely
harmless. Excess amounts have untoward
effects, including premature closure of cranial
sutures, and the effect of unnecessary pro-
longed administration to infants and young
children is not known. Moreover, as has been
shown in a Swedish hypothyroid screening pro-
gram [1], parents experience significant emo-
tional trauma in feeling that their child has a
congenital disorder.

In summary, congenital hypothyroidism rep-
resents a broad spectrum of disease anatomi-
cally and functionally. Thyroid scintigraphy
helps differentiate the various forms of congeni-
tal hypothyroidism and elucidate severity and

prognosis of the disease. Current techniques
using 1-123 allow rapid, accurate performance
of thyroid scintigraphy in the neonate; total
body radiation exposure is insignificant, being
equivalent to that received in a single chest x-
ray film. Helping diagnose mild and transient
hypothyroidism may decrease unnecessary
treatment. It is only through thorough diag-
nostic testing before therapy in the immediate
neonatal period and continued long-term fol-
low-up after treatment that congenital hypothy-
roidism can be properly managed. Programs
for detecting congenital hypothyroidism should
incorporate diagnostic and follow-up features
that are as rigorous as those for the screening
process itself in order to realize their full poten-
tial.

Summary

Current newborn screening programs in California and
most of the U. S. depend for diagnosis of congenital
primary hypothyroidism on demonstrating an elevated
thyrotropin (TSH) level in infants with the lowest 5%
to 10% of thyroxine (T4) levels by filter-paper bloodspot
test. The diagnosis of primary congenital hypothyroid-
ism based on low T4 with high TSH fails to distinguish
between transient hypothyroidism, ectopic or hypoplas-
tic thyroid, athyrosis, dyshormonogenesis, and transient
hyperthyrotropinemia. We screened 166,300 newborn
infants for primary congenital hypothyroidism for 6.5
years and confirmed the diagnosis in 46 cases; none of

these patients had a goiter. Thyroid scintigraphy was
performed in 40 with technetium-99m (Tc-99m) in the
first eight cases tested and iodine-123 (1-123) in 29 of
the last 32 cases. Fifteen infants were athyroid and seven
had ectopic or hypoplastic glands; in 18 the thyroid
gland appeared normal (present, normal location). Con-
genital hypothyroidism represents a spectrum of diseases
from transient underactivity to complete absence of the
thyroid gland. We recommend that, before starting treat-
ment, a specific anatomic and functional diagnosis be
confirmed by thyroid scintigraphy and other thyroid
function tests.

Keywords: Congenital hypothyroidism, hypotyroidism, radionuclide imaging, thyroid diseases, thyroid function
tests, thyroid scintigraphy.

Zusammenfassung

Heterogenität der kongenitalen primären Hypothyreose
und Bedeutung der Schilddrüsenszintigraphie
In Kalifornien und den meisten anderen Staaten in Ame-
rika beruht das gängige Neugeborenenscreening zur Er-
fassung einer kongenitalen primären Hypothyreose auf
dem Nachweis eines erhöhten TSH-Spiegels bei niedri-
gen T4-Spiegeln. Die Bestimmung erfolgt aus Blutspots
auf Filterpapier. Wird bei niedrigem T4-Wert und hohem
TSH-Wert die Diagnose primäre kongenitale Hypothy-
reose gestellt, so wird nicht unterschieden zwischen einer
transitorischen Hypothyreose, einer ektopischen oder
hypoplastischen Schilddrüse, einer Athyreose, Hormon-
störung und transitorischer Überproduktion von TSH.
Bei 166300 Neugeborenen wurde ein Screening auf eine
primäre kongenitale Hypothyreose durchgeführt; die

Kinder wurden 6,5 Jahre beobachtet. In 46 Fällen wurde
die Diagnose bestätigt, wobei keines der Kinder einen
Kröpf hatte. Die Schilddrüsenszintigraphie wurde zu-
nächst mit Technetium-99m (Tc-99m), später mit Jod-
123 (J-123) durchgeführt. 15 Kinder hatten eine Athy-
reose, 7 Kinder ektopische oder hypoplastische Drüsen.
Bei 18 Kindern stellte sich die Schilddrüse völlig normal
dar (nachweisbar, normaler Sitz). Die kongenitale Hypo-
thyreose beinhaltet ein Spektrum verschiedener Erkran-
kungen von der vorübergehenden Unterfunktion bis
zum totalen Fehlen der Schilddrüse. Bevor mit einer
Behandlung begonnen wird, sollte die Diagnose hin-
sichtlich Anatomie und Funktion durch eine Schilddrü-
senszintigraphie und andere Schilddrüsenfunktionstests
bestätigt werden.

Schlüsselwörter: Darstellung mit Radionukliden, Hypothyreose, kongenitale Hypothyreose, Schilddrüsenerkran-
kungen, Schilddrüsenfunktionstests, Schilddrüsenszintigraphie.
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Resume

Heterogeneite de l'hypothyro'idie primaire congenitale: im-
portance de la scintigraphie thyro'idienne
En Californie et dans la pluspart des E. U., les program-
mes de depistage de routine chez le nouveau-ne reposent,
^pour le diagnostic d'hypothyro'idie primaire congenitale,
sur la mise en evidence de taux eleves de thyreotrophine
(TSH) chez les enfants presentant des taux de thyroxine
(T4) abaisses de 5 ä 10% sur le test des taches de
sang sur papier filtre. Le diagnostic d'hypothyro'idie
fcongenkale primaire, fonde sur une T4 hasse avec une
;TSH elevee, ne permet pas de faire la distinction entre
^'hypothyroidie transitoire, la thyro'idie ectopique ou
hypoplasique, l'athyreose, la dyshormonogenese et l'hy-
perthyreotrophinemie transitoire. Nous avons examine
166300 nouveaux-nes pour depister l'hypothyro'idie
congenitale primaire pendant 6 ans et demi et nous

avons conflrme le diagnostic 46 fois; aucun de ces pa-
tients n'avait de goitre. Nous avons realise une scintigra-
phie thyro'idienne chez 40 enfants, au technetium-99m
(TC-99m) pour les 8 premiers cas, a l'iode-123 (1-123)
pour 29 des 32 derniers cas. Quinze enfants presentaient
une athyro'idie et sept avaient une glande ectopique ou
hypoplasique; chez 18, la thyro'ide apparaissait comme
normale (presente et de localisation normale). L'hypot-
hyro'idie congenitale represente un ensemble de maladies
qui vont de l'hypoactivite jusqu'a l'absence complete
de glande thyro'ide. Nous recommandons qu'avant de
debuter le traitement, on conflrme un diagnostic specifi-
que anatomique et fonctionnel en effectuant une scin-
tigraphie thyro'idienne et les autres tests fonctionnels
thyroi'diens.

Mots-cles: Hypothyro'idie, hypothyro'idie congenitale, imagerie radio-nucleaire, maladies thyro'idiennes, scintigrap-
hie thyro'idienne, tests de fonction thyro'idienne.
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