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ABSTRACT T 

Muchh worldwide attention is given to the adverse effects of maternal Graves' disease on the 

fetall  and neonatal thyroid and its function. However, reports concerning the adverse effects 

off  maternal Graves' disease on the pituitary function, illustrated by the development of 

centrall  congenital hypothyroidism (CCH) in the offspring of these mothers, are scarce. 

Wee studied thyroid hormone determinants of 18 children with CCH born to mothers with 

Graves'' disease. Nine mothers were diagnosed after pregnancy, the majority after their 

childrenn were detected with CCH by neonatal screening. 

Fourr mothers were diagnosed during pregnancy and treated with antithyroid drugs since 

diagnosis.. Another four mothers were diagnosed before pregnancy, but they used antithyroid 

drugss irregularly; free T4 concentrations less than 1.7 ng/dl (<22 pmol/ liter) were not 

encounteredd during pregnancy. 

Al ll  neonates had decreased plasma free T4 concentrations (range 0.3- 0.9 ng/dl, 3.9 -

11.55 pmol/liter); plasma TSH ranged between 0.1 and 6.6 mU/liter. TRH tests showed 

pituitaryy dysfunction. Seventeen children needed T4 supplementation. Because all mothers 

weree insufficiently treated during pregnancy, it is hypothesized that a hyperthyroid fetal 

environmentt impaired maturation of the fetal hypothalamic-pituitary-thyroid system. The 

frequentt occurrence of this type of CCH (estimated incidence 1:35,000) warrants early 

detectionn and treatment to minimize the risk of cerebral damage. A T4-based screening 

programm appears useful in detecting this type of CCH. However, the preferential and 

presumablyy best strategy to prevent CCH caused by maternal Graves' disease is preserving 

euthyroidismm throughout pregnancy. 



INTRODUCTION N 

Thee influence of the maternal thyroid hormone state on the development of the fetal 

thyroidd and its regulatory system is an important issue, particularly because lack of thyroid 

hormonee in fetus and infant constitutes a major risk for damage to the developing brain. 

Thiss is dramatically demonstrated by conditions in which both fetus and mother are unable to 

producee adequate amounts of thyroid hormone, as in severe iodine deficiency or in fetomaternal 

POU1F11 (i.e. PITl) deficiency (1, 2). In contrast, when the condition is confined to fetal thyroid 

dysfunctionn as in classical forms of congenital hypothyroidism (CH), brain damage can largely 

bee prevented by early postnatal T4 supplementation, presumably because transfer of T4 from 

motherr to fetus compensates, at least in part, for impaired fetal thyroid hormone production 

(3,, 4). Along with these observations, even subtle changes in the maternal thyroid hormone 

statee have been a subject of major interest in recent years (5, 6). 

Inn case of maternal gestational autoimmune Graves' disease, the preservation of a normal fetal 

thyroidd hormone state to ensure normal brain development is a complex issue. Dependent on 

thee presence of antithyroid antibodies, the use of antithyroid drugs, and the maternal thyroid 

hormonee state, the fetal and neonatal thyroid function can be disturbed with high variability 

inn type of effects as well as in severity (7-11). Remarkably, only a minority of newborns from 

motherss with gestational autoimmune thyroid disease demonstrates a disturbed thyroid 

hormonee state (8, 12-14). A probably undervalued risk is the occurrence of central CH, in 

infantss of mothers with Graves' disease, first described in 1988 by Matsuura et al. (7). The 

publishedd reports on this condition suggest a rare occurrence (7, 8, f 2, 15-21), but because of 

itss clinical course, we speculate that it often remains unrecognized unless it is given specific 

attention. . 

Becausee the Dutch T4-based neonatal CH screening also detects congenital hypothyroidism 

off  central origin, we explored this issue. The case histories of 18 infants with central CH, 

bornn to 17 mothers with untreated or inadequately treated Graves' disease are presented. 

MATERIAL SS AND METHODS 

Dataa collection 

Thee Department of Pediatric Endocrinology in the Emma Children's Hospital Amsterdam 

Medicall  Center functions as a national center for consultation on diagnostics and treatment 

off  children with thyroid diseases. Since the start of the Dutch CH screening, the department 

hass been involved in at least half of all cases of CH. In 1994 the first patient with central CH 

bornn to a mother with Graves' disease was recognized and since 1999, 19 more children were 

diagnosed.. Detailed information could be retrieved from 18 patients. 

Neonatall  screening 

Thee Dutch screening, performed 4 to 7 d after birth, is based on measurement of T4 in filter 

paperr blood spots. T4 concentrations are compared with the day mean and expressed as sd 

scores.. If heel puncture blood spot concentration of T4 is -0.8 sd or less, TSH is additionally 



measuredd in the blood spot. If T4 is -1.6 sd or less, TSH and T4-binding globulin concentration 

aree additionally measured in the blood spot. 

Dependingg on T4, and if measured TSH and T4-binding globulin concentrations, the test 

iss interpreted as abnormal, borderline, or normal. Children with borderline tests undergo a 

secondd screening. Children with one abnormal test (T4 < -3.0 sd and/or TSH >50 mU/liter) or 

twoo consecutive borderline tests (T4 moderately decreased, not caused by T4-binding globulin 

deficiencyy and/or TSH moderately increased) are referred to a pediatrician. This method 

enabless detection of CH of thyroidal origin (decreased T4, elevated TSH concentration) and 

centrall  origin (decreased T4, not caused by T4-binding globulin deficiency with normal TSH 

concentration). . 

Diagnosiss of CH of central origin 

Thee criteria for diagnosis of central CH are a free T4 concentration of less than 0.9 ng/dl (<12 

pmol/liter)) in combination with a TSH concentration of less than 20 mU/liter and at least 

onee other entity that suggests disintegrity of the thyroid's regulatory system (e.g. abnormal 

responsee to TRH administration, multiple pituitary hormone deficiencies, anatomical 

abnormalitiess on brain magnetic resonance imaging, mutations in genes involved in 

embryogenesis,, or function of hypothalamus or pituitary). 

Diagnosiss of maternal thyroid disease 

Basedd on the moment the diagnosis of maternal Graves' disease is made, three groups 

weree composed: group A, after delivery, group B, during pregnancy, and group C, before 

pregnancy.. Because all mothers were supposedly hyperthyroid during (part of) pregnancy, 

thee maternal condition was defined as gestational hyperthyroidism; the fetal condition was 

definedd as hyperthyroid fetal environment. 

Laborator yy m e a s u r e m e n ts 

Thee plasma free T4 and plasma TSH concentration were measured by time-resolved 

fluoroimmunoassayss (Delfia Free T4 and Delha hTSH Ultra, Wallac Oy, Turku, Finland). The 

freee T4 normal range at the age of 2-3 wk is 0.9 -2.3 ng/dl (12-29 pmol/liter) (22, 23). The 

TSHH normal range at the age of 0 -3 months is 1-10 mU/liter (22, 23), thereafter 0.4 - 4.0 

mU/liter.. TSH receptor antibodies were measured using the TRAK assay (Brahms, Berlin, 

Germany)) either with radioactive label or by luminescence. 

RESULTS S 

Diagnosticss in mothers 

GroupGroup A. Mothers A1-9 were diagnosed with hyperthyroidism because of Graves' disease 

duringg the first weeks after delivery (Table 1), seven of them after their children were 

diagnosedd with central CH. Mother A4 was diagnosed a few days after delivery because 

shee experienced tachycardia; simultaneously her daughter was referred to the pediatrician 

becausee of an abnormal CH-screening result. Mother A9 was diagnosed 2 wk after delivery, 

afterr she encountered problems with breast-feeding. No information was available on 



Tablee 1. Patient Characteristics 

Casee sex Native Dutch G.A. B.W. 
No.. mother/father  (wks) (gr) 

Heelpuncturee Maternal thyroi d function 

T44 TSH FT4 

ug/dLL  mU/L Day ng/dL Day 

A l l 

A2 2 

A3 3 

A4 4 

A5 5 

A6 6 

A7 7 

A8 8 

A9 9 

Bl l 

B2 2 

B3 3 

B4 4 

C l b b 

C2b b 

C3 3 

C4 4 

C5 5 
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yes/no o 

yes/yes s 

yes/yes s 

yes/yes s 

yes/yes s 

yes/yes s 

yes/yes s 

yes/yes s 

40.9 9 

39.9 9 

36.7 7 

38.0 0 

38.3 3 

37.0 0 

38.0 0 

38.0 0 

37.4 4 

38.3 3 

36.9 9 

36.9 9 

35.4 4 

34.6 6 

34.6 6 

37.0 0 

36.0 0 

37.0 0 
. .ff  fU,. ..U.l 

3530 0 

3660 0 

3330 0 

3100 0 

3470 0 

2500 0 

2825 5 

2750 0 

3125 5 

1940 0 

2150 0 

2480 0 

2256 6 

1970 0 

1840 0 

3090 0 

2400 0 

2580 0 
j „ , „„  . - . , , ^ , . . , ,, 

4.4 4 

5.4 4 

4.4 4 

1.9 9 

3.2 2 

4.7 7 

8.4 4 

3.1 1 

8.9 9 

T T 

6.8 8 

16.9 9 

7.1 1 

16.6 6 

11.8 8 

5.1 1 

7.5 5 

12.8 8 
t->¥t->¥ | K A U i i o 

3 3 

<2 2 

3 3 

5 5 

n.d. . 

3 3 

3 3 

3 3 

2 2 

T T 

3 3 

n.d. . 

2 2 

n.d. . 
3 3 

3 3 

3 3 

3 3 

, , 

--

14 4 

4 4 

10 0 

4 4 

9 9 

12 2 

5 5 

' ' 

T T 

8 8 

4 4 

4 4 

4 4 

4 4 

5 5 

4 4 

8 8 

M,„ J J 

3.5 5 

>5.4 4 

5.0 0 

2.7 7 

4.6 6 

4.2 2 

3.5 5 

4.8 8 

>5.4 4 

>5.4 4 

3.5 5 

>5.4 4 

>5.4 4 

2.5 5 

2.5 5 

1.9->5.44 ' 

2.5-4.0 0 

1.8-4.0 0 
.. . „ „ „ „ i 

1// d pp 

4 3 d pp p 

1 8 d pp p 

4dd pp 

144 d pp 

366 d pp 

211 d pp 

8 d pp p 

177 d pp 

31.11 wkGA 

30.00 \vk GA 

30.77 wk GA 

14.33 wk GA 

33.44 wk GA 

33.44 wk GA 

range e 
""  during 

pregnancy y 

r - i t w i n cc ^ v n r i ' t c ^ r i m 

g/dll  and mU/liter, respectively. 
T,, Child was already treated at the time of heel puncture blood spot sampling; n.d., not determined; GA, gestational 

age;; BW, birth weight; 

pp,, postpartum, l b convert T4 to Systeme Internationale (SI) Units, multiply by 12.87. To convert free T4 to 

Systemee Internationale (SI) Units, multiply by 12.87. 

'Dayy of sampling not exactly known. 

''' Twin pregnancy. 

maternall  thyroid function during pregnancy, except that mother Al had noticed a neck 

swellingg from the third month of pregnancy. 

GroupGroup B. Mothers B l - 4 were diagnosed with hyperthyroidism because of Graves' disease 

duringg the second (B4) or third (Bl-3) trimester of pregnancy (Table 1) and were treated 

sincee then with antithyroid drugs and propranolol. 

Att the time of delivery, plasma free T4 concentrations had normalized, except for those of 

motherr B4. 

GroupGroup C. Mothers C l -5 were diagnosed with Graves' disease before pregnancy, but none of 

themm was treated adequately. The mothers of children Cland C2 (twin pregnancy) and C3 

stoppedd using antithyroid drugs in the first trimester. Mother C4 stopped using antithyroid 

drugss a few months before pregnancy. Only mother C5 was treated with antithyroid drugs 

throughoutt pregnancy. Plasma free T4 concentrations measured throughout pregnancy were 

allall above 1.7 ng/dl (22 pmol/liter). 



Tablee 1 shows that in the three groups together 44% of the parents (50% of the mothers) were 

nott native Dutch, whereas in group A even 89% of the mothers were not native Dutch. 

Tablee 2 shows that in the majority of the mothers TSH-receptor antibodies were present. In 

twoo subjects in whom TSH-receptor antibody measurements in the mothers were lacking, 

theyy were detectable in the children. 

Tablee 2. TSH-receptor  antibody concentrations 

Motherr  Child 

Case e 
No. . 

A l l 

A2 2 

A3 3 

A4 4 

AA 5 

A6 6 

A7 7 

A8 8 

A9 9 

Bl l 

B2 2 

B3 3 

B4 4 

CI I 

C2 2 

C3 3 

C4 4 

C5 5 

Cone. . 
IU/L a a 

24 4 

43 3 

12 2 

19 9 

<9 9 

10.33 b 

1.22 b 

n.d. . 

4.99 b 

26 6 

n.d. . 

247 7 

37.66 b 

41 1 

41 1 

26 6 

n.d. . 

18.44 b 

Tim ee of 
sampling g 

1 7 d pp p 

433 d pp 

222 d pp 

144 d pp 

144 d pp 

366 d pp 

211 d pp 

17dpp p 

31.11 wkGA 

34.99 wk GA 

22.33 wkGA 

33.44 wk GA 

33.44 wk GA 

9.77 wk GA 

188 wkGA 

Cone. . 
IU/L a a 

11 1 

<5 5 

9 9 

n.d. . 

n.d. . 

n.d. . 

n.d. . 

1.8b b 

n.d. . 

8 8 

<5 5 

1.3b b 

21.9b b 

n.d. . 

n.d. . 

11 1 

12 2 

91 1 

Tim ee of 
sampling g 

244 d pp 

855 d pp 

2 2 d pp p 

8 d pp p 

Cordd bloodc 

400 d pp 

1144 d pp 

l d p p p 

5 d pp p 

8 d pp p 

Cordd blood1 

pp,, Postpartum; n.d., not determined; GA, gestational age. 
a<66 IU/Iiter negative, 6 -10 IU/liter dubious, >10 IU/liter positive. 
l>> TSH receptor antibodies measured by luminescence; <].() ILVlite r negative, 1.0 -1.5 IL'.liter dubious, >1.5 

IU/literr positive. 
11 Cord blood determination at delivery. 

Diagnosticss in children 

GroupGroup A. Children A l - 8 were referred to the pediatrician because of abnormal CH-

screeningg results (Table 1); child A9 was referred at the age of 4 wk after disclosure of maternal 

hyperthyroidismm 2 wk earlier. Al l children had, when measured in venous blood samples, 

abnormallyy low plasma free T4 concentrations and plasma TSH concentrations within the 

age-specificc normal range, except for child A6 whose TSH was initially suppressed (Fig. 1). 

Thee children Al and A3-7 underwent a TRH test, demonstrating a blunted TSH response 

(Fig.. 2). CRH tests, performed in three children, revealed normal ACTH and Cortisol 

responsess (data not shown). Because maternal hyperthyroidism was diagnosed before the 

diagnosticc work-up was completed, investigation of the other hormonal systems were not 

performed.. Magnetic resonance imaging of the hypothalamic-pituitary region performed in 

childrenn A4and A6 showed no abnormalities. 



Fhyroidd dysfunc ! inadequately treated) maternal Graves' disease 

.. Plasma free T4 and TSH concentrations in the children 

100 0 

-J ' ' 

J: : 
X X 

H H 

7 7 

6 6 

100 0 

Agee (days) 

Plasmaa free T4 (upper panel) and TSH concentrations (lower panel) are shown for group A (red), group B (blue), 
andd group C (green). The results represent measurements before T4 supplementation was started. Open and 
closedd symbols are used to discriminate between different lines. The gray line in the upper panel represents the 
lowerr limit of the plasma free T4 normal range [i.e. 0.9 ng/dl (12 pmol/liter)]. To convert free T4 to Systeme 
Internationalee (SI) units, multiply by 12.87. Colour figures are shown at page 263. 



Figuree 2. TSH response after  administration of TRH 

t im ee (minutes) 

TRHH test results at neonatal age are shown for group A (red), group B (blue), and group C (green). In child Al 
(whoo also underwent a TRH test in the neonatal period) and child Bl (after T4 supplementation was interrupted 
forr a few months) a TRH test was performed at the age of 1 yr (black). Colour figure is shown at page 264. 

GroupGroup B. Children Bl and B2 had decreased plasma free T4 concentrations with normal and 

initiall yy suppressed plasma TSH concentration respectively (Fig. 1). In child B3 plasma free 

T44 was initially normal but increased to above the normal range after a few days. Without 

interventionn plasma free T4 decreased to below the normal range within a few weeks although 

withh suppressed TSH. In child B4 plasma free T4 was initially normal, which gradually 

decreasedd to below the normal range; plasma TSH was suppressed. TRH tests, performed in 

thee children B2- 4, showed blunted TSH responses. 

GroupGroup C. Cord blood examination in the children C l -3 and C5 showed normal plasma free 

T44 concentrations and low TSH concentrations (Fig. 1). Child C4 had low-normal plasma 

freee T4 1 d after birth [1.0 ng/dl (13 pmol/liter)]; TSH was not measured. In the children C3 

andd C4 plasma free T4 decreased in the first week after birth; in the other children, free T4 

increasedd initially but decreased after a few weeks below the normal range. Children C l -2 

andd C4 -5 underwent a TRH test that showed a blunted TSH response (Fig. 2). 

Treatmentt in children 

Childd A1 was not treated because his plasma free T4 concentration spontaneously normalized, 

alreadyy during the phase of diagnostic work-up. Although the TSH response after TRH 

administrationn was blunted in the neonatal period, the response had become normal when 

retestedd at the age of 1 yr (Fig. 2). In all other children, T4 supplementation was initiated. In 

childd A5 T4 supplementation was interrupted at the age of 4 months; she remained euthyroid 

afterward.. In child Bl T4 supplementation was interrupted at the age of 6 months. At the age 

off  1 yr, his TRH test showed a normal TSH response (Fig. 2). However, because at that time 



plasmaa free T4 concentration was below the normal range [0.8 ng/dl (10.7 pmol/liter)] with 

slightlyy increased TSH (7.1 mU/liter), T4 supplementation was restarted and has continued 

too date. In the other patients, the effect of interruption of T4 supplementation was not sorted 

outt because of the potential risk of cerebral damage under the age of 3 yr. 

DISCUSSION N 

Eighteenn infants with central CH were born to mothers with Graves' disease. The endocrine 

characteristicss of the mothers varied considerably with respect to time of diagnosis, antibody 

concentrations,, and treatment, but the common denominator was the lack of adequate 

treatmentt during pregnancy leading to elevated maternal plasma free T4 concentrations 

whenn measured after or during pregnancy. 

Al ll  children developed moderately to extremely decreased neonatal free T4 concentrations 

inn combination with normal or suppressed TSH concentrations. Most children were already 

hypothyroidd at the first thyroid function measurements within a few days after birth, although 

onee child became hypothyroid after a short hyperthyroid phase and six children after an 

initiall  euthyroxinemic phase. The blunted TSH response on TRH administration confirmed 

thee disturbance of the child's thyroid regulatory system. As shown in Fig. 1, the initiation of 

T44 treatment was incidentally delayed for several weeks, presumably as a consequence of the 

un-- familiarity with this specific thyroid entity in children of mothers with Graves' disease. 

Thee reported incidence of permanent central CH detected by neonatal screening in The 

Netherlandss is around 1 in 20,000 children, i.e. about 10 patients every year (24, 25), of whom 

thee great majority has permanent deficiency of multiple pituitary hormones. Although the 

Dutchh T4-based screening was introduced in 1981, the first patient with central CH because 

off  maternal gestational hyperthyroidism was detected as late as 1994. The other 17 children 

presentedd here were born over a 3-yr period since 1999; they represent an incidence of central 

CHH because of maternal gestational hyperthyroidism of 1:35,000. However, the total number 

off  children with central CH because of maternal gestational hyperthyroidism is probably 

evenn higher because not all patients might have come to our attention. Therefore, the total 

incidencee of central CH in The Netherlands is at least 1 in 15,000 newborns. 

Forr the Dutch population, accurate incidence figures of Graves' disease during pregnancy are 

nott available. International estimations of the incidence of Graves' disease during gestation 

off  about 1 in 500 (26 -29) indicate that about 1 in 70 women (1.5%) with Graves' disease 

givess birth to a child with central CH. However, because all presented children were born 

too inadequately treated mothers, the risk seems to be restricted to these mothers. This 

impliess that, within the spectrum of neonatal thyroid dysfunction related to maternal 

Graves'' disease, the occurrence of central CH seems of the same magnitude as that of 

congenitall  hyperthyroidism, estimated as 1-5% (26,27,30). Neonatal screening appeared to 

bee indispensable in the diagnosis of at least seven mother-child pairs (i.e. 40%). However, also 

inn the Dutch T4-based neonatal screening program, several cases might remain undetected 

becausee they became hypothyroid after an initial euthyroid or hyperthyroid phase (40% of 

thee present cohort). 



Intriguingly,, an impressive percentage (44%) of the parents originated from outside The 

Netherlands,, mostly underdeveloped countries. Especially in group A, 70% of parents 

(andd even 90% of mothers) were not native Dutch; language problems together with the 

unfamiliarityy with the Dutch health care system might have led to insufficient medical care. 

Thee finding that all women with Graves' disease who gave birth to children with central CH 

weree inadequately treated suggests a causal relationship. We hypothesize that the maternal 

gestationall  hyperthyroidism causes a hyperthyroid fetal environment. Because substantial 

maternal-fetall  transfer of T4 occurs in euthyroid mothers pregnant with children with 

thyroidall  CH (3), maternal hyperthyroidism may result in increased T4 transfer. The exposure 

off  the fetal hypothalamic-pituitaryThyroid system to higher-than-normal thyroid hormone 

concentrationss might have impaired its physiologic maturation during intrauterine life. The 

systemm was not triggered to produce its own thyroid hormone through TSH and TRH secretion 

andd not prepared to become selfsupporting. After birth pituitary TSH secretion in response 

too dropping plasma (free) T4 concentrations as well as to TRH administration is inadequate; 

likewise,, hypothalamic TRH secretion might be inadequate as well. Hyporesponsiveness 

off  the pituitary is also observed in adult patients with hyperthyroidism; after initiation of 

treatmentt (antithyroid drugs or 131I) and normalization of thyroid hormone concentrations, 

thee reinstitution of adequate TSH secretion, either basal or after TRH administration, takes 

weekss to months (31, 32). Other factors (putatively) involved in pituitary hyporesponsiveness 

duringg Graves' disease are e.g. TSH-receptor antibodies occupying the pituitary TSH 

receptorr (33) or pituitary autoantibodies associated with lymphocytic hypophysitis (34), 

whichh is especially seen in women during or shortly after pregnancy, sometimes associated 

withh autoimmune thyroid disease. However, these factors fail to explain why central CH 

iss strictly confined to inadequately treated maternal gestational hyperthyroidism. For the 

fetall  thyroid system, the only relevant feature, distinguishing pregnant mothers with overt 

hyperthyroidismm from those mothers with adequately treated Graves' disease, is the presence 

off  a hyperthyroid fetal environment. Therefore, it is very likely that instituting adequate 

maternall  treatment might have prevented the central CH in the children we studied. 

Accordingg to reports in literature (8, 15, 17-20) discussing the course of central congenital 

hypothyroidismm related to maternal Graves' disease, this type of central CH has a transient 

expression;; thyroid hormone concentrations remain within the normal range after withdrawal 

off  T4 treatment or the TSH response in response to TRH administration normalizes. In one 

off  our patients who demonstrated a spontaneous normalization of free T4 concentration, the 

TSHH response to TRH administration became normal within a year. In two other patients, 

interruptionn of T4 supplementation was evaluated: One remained euthyroid and the other 

becamee hypothyroid within a few months, despite a normal TRH test result. At the moment 

wee cannot exclude that subtle changes in the thyroid regulatory system may persist. The 

hypothesizedd overexposure of the fetal hypothalamic-pituitary-thyroid system to thyroid 

hormonee might have permanently altered the tuning of the pituitary set point of TSH 

secretion.. Consequently, plasma free T4 and TSH concentrations, albeit in the normal range 

afterr interruption of T4 supplementation, might differ from those of children prenatally 

exposedd to a euthyroid environment. Animal studies suggest that short-term overexposure of 

neonatall  rats to T4 results in permanent alterations of the hypothalamic-pituitary regulatory 

systemm (35-37). Besides, patients with CH of thyroidal origin, prenatally underexposed to 

thyroidd hormone, need plasma free T4 concentrations in the high normal range to normalize 



TSHH secretion during postnatal thyroxine treatment (38). This suggests that their regulation 

inn the negative feedback system differs from children without CH. 

Maternall  Graves' disease during pregnancy carries the risk of a variety of adverse effects for 

thee offspring with a wide spectrum of abnormalities in the thyroid function. Al l patients 

presentedd here experienced a phase of central hypothyroidism, starting before or just after 

birth,, which we explained by postulating a prenatal phase of hyperthyroidism that affected 

thee thyroid's regulatory system. Especially because both conditions are known to impair 

brainn development (39, 40), preventive action or timely correction is important. 

Certainly,, the most effective management would be the preservation of euthyroidism in all 

pregnantt women. This, however, would imply routine screening on thyroid function during 

gestationn because at least some of the women with Graves' disease appear to escape from 

recognitionn of this diagnosis. As long as such a preventive maternal screening method is not 

available,, the neonatal CH screening, on the condition that it is T4 based, seems helpful to 

detectt central congenital hypothyroidism. In the diagnostic work-up of patients with central 

CH,, evaluation of maternal thyroid function should be incorporated. The thyroid function 

ott the offspring of mothers with Graves' disease, especially those with inadequate treatment 

throughoutt pregnancy, should be controlled carefully, at least up to a few weeks after birth. 

Iff  there is any doubt about the integrity of the child's thyroid regulatory system [free T4 < 0.9 

ng/dll  (< 12 pmol/liter) and TSH < 20 mU/liter], a TRH test should be performed. In case of a 

(partly)) suppressed TSH response after administration of TRH, the presence of central CH is 

provenn and T4 supplementation should be given for at least several months. 
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ABSTRACT T 

Context t 

Centrall  congenital hypothyroidism (CH-C) in neonates born to mothers with inadequately 

treatedd Graves' disease usually needs T4-supplementation. The thyroid and its regulatory 

systemm have not yet been extensively studied after T4-withdrawal, until we observed 

disintegratedd thyroid glands in some patients. 

Objective e 
Too study the occurrence and pathogenesis of disintegrated thyroid glands in CH-C patients. 

Design/Setting/Patients/Participants s 
Thyroidd function was measured and thyroid ultrasound imaging performed in 13 children 

withh CH-C due to inadequately treated maternal Graves' disease after T4-supplementation 

withdrawall  (group Aa). In addition, thyroid ultrasound imaging was done in 6 children 

withh CH-C born to inadequately treated mothers with Graves' disease, in whom T4-

supplementationn was not withdrawn yet (group Ab) or never initiated (group Ac), in 6 

euthyroidd children born to adequately treated mothers with Graves' disease (group B) and in 

100 T4-supplemented children with CH-C as part of multiple-pituitary-hormone-deficiency 

(groupp C). 

Mai nn Outcome Measure 

Thyroidd function and aspect (volume, echogenicity, echotexture). 

Results s 
Inn group A 5 children had developed thyroidal hypothyroidism characterized by persistently 

elevatedd TSH-concentrations and exaggerated TSH-responses after TRH-stimulation 

(determinedd in 4). In the majority of patients of group A and C thyroid echogenicity and 

volumee was decreased and echotexture inhomogeneous. Thyroid ultrasound imaging was 

normall  in group B children. 

Conclusion n 

Inadequatelyy treated maternal Graves' disease may not only lead to CH-C but also carries an, 

untill  now, unrecognized risk of thyroid disintegration in the offspring as well. We speculate 

thatt insufficient TSH-secretion due to excessive maternal-fetal thyroid hormone transfer 

inhibitss physiological growth and development of the child's thyroid. 



INTRODUCTION N 

Centrall  hypothyroidism is a condition characterized by impaired secretion of thyroid 

hormonee due to a defect in the thyroid's regulatory system. In The Netherlands neonates with 

centrall  congenital hypothyroidism (CH-C) are detected by a T4-based neonatal screening 

programm (1;2). Usually, permanent CH-C is part of multiple pituitary hormone deficiencies (2). 

Recentlyy we have reported on the occurrence of isolated CH-C in neonates born to mothers 

withh Graves' disease, presumably with a transient course. Although maternal characteristics 

weree heterogeneous with respect to timing of diagnosis, thyroid antibody concentrations, 

andd treatment, one consistent feature in all mothers was inadequate treatment during 

pregnancy,, resulting in hyperthyroidism (3). Although this type of CH-C has been reported 

frequentlyy (4-13), the course of thyroid function after withdrawal of T4-supplementation 

hass been studied less extensively. It has been reported that plasma concentrations of FT4 

(freee thyroxine) and TSH (thyrotropin) remain within their reference ranges when T4-

supplementationn was withdrawn after a few months (5;6;8;10;11) and that the TSH response 

afterr TRH (thyrotropin-releasing hormone) administration recovers (5;11;13), suggesting a 

transientt condition. 

Whenn evaluating the thyroid function after withdrawal of T4-supplementation in our 

patientss with CH-C due to inadequately treated maternal Graves' disease, we disclosed a 

persistentt thyroid dysfunction in some of them, as a novel outcome. To gain more insight in 

thee occurrence and pathogenesis of this finding we analyzed thyroid function and performed 

thyroidd ultrasound imaging in these patients in the phase without T4 treatment. In addition 

wee performed thyroid ultrasound imaging in children with CH-C as part of multiple pituitary 

hormonee deficiencies and in children born to mothers with adequately treated Graves' disease 

duringg pregnancy. 

PATIENTS S 

ChildrenChildren with CH-C due to inadequately treated maternal Graves' disease (Group A, n=19) 

Inn the AM C records are kept of patients whose blood and/or urine samples were sent for 

confirmationn of diagnosis of CH, or whose pediatrician consulted our pediatric endocrinology 

team.. When this report was prepared 28 children with CH-C due to inadequately treated 

maternall  Graves' disease were known in the pediatric endocrinology department of the 

Emmaa Children's Hospital AMC. 

InadequateInadequate treatment was concluded when Graves' disease was either not treated at all 

duringg pregnancy (obviously in those diagnosed after pregnancy and also those who 

stoppedd medication themselves) or insufficiently treated, resulting in persistently high FT4 

concentrationss during pregnancy. The children were followed in the AMC or in a local 

Dutchh hospital. Al l but one started T4-supplementation after diagnosis of CH-C. Timing 

off  diagnosis of maternal Graves' disease, maternal thyroid function determinants measured 

duringg pregnancy or after delivery and neonatal thyroid function determinants before the 

startt of T4-supplementation were known. In 13 children T4-supplementation was stopped 

(groupp Aa). Their thyroid function determinants after withdrawal were monitored. In 



55 of them TSH response after TRH administration was measured. In 11 children thyroid 

ultrasoundd imaging was performed (2 children were not able to visit the AMC). In 3 children 

(whosee TSH persisted >10 mlU/L) a thyroid 123E-uptake study was performed. 

Inn the 5 children whose T4-supplementation could not be withdrawn yet because of young 

agee (group Ab), exclusively thyroid ultrasound imaging was performed. Also in the child in 

whomm T4-supplementation was never initiated (group Ac) thyroid ultrasound imaging was 

performed. . 

Off  9 children with the same type of CH-C follow-up data are not (yet) available because 

theyy had moved abroad, were lost to follow-up, or are considered too young to withdraw 

T4-supplementationn and thyroid ultrasound imaging. The characteristics of these 9 patients 

inn terms of maternal characteristics or neonatal thyroid function determinants were not 

differentt from the 19 presented. 

ChildrenChildren horn to mothers with adequately controlled Graves'disease (Group B, n-6) 

AdequateAdequate treatment was concluded when Graves' disease was diagnosed before or in the 

firstfirst trimester of pregnancy, for which patients received adequate treatment resulting in 

normall  FT4 concentrations throughout pregnancy, or, when diagnosis was made in the first 

trimester,, within a few weeks after initiation of antithyroid drugs. 

Too evaluate thyroid function and structure in children born to mothers with adequately 

controlledd Graves' disease, group B was formed. Three children already participated in an 

earlierr study on psychomotor outcome (14). Another 3 children were recruited amongst the 

youngerr sibs from group A children. Neonatal thyroid function determinants were recorded, 

thyroidd ultrasound imaging was performed, and thyroid function was measured again. 

ChildrenChildren with CH-C as part of multiple pituitary hormone deficiencies (Group C, n-10) 

Too evaluate thyroid function and morphology in children with permanent CH-C as part 

off  multiple pituitary hormone deficiencies, group C was formed. Ten patients, who were 

detectedd by the neonatal screening program and treated since then in the AM C were willin g 

too participate. During one of their routine visits for treatment control, thyroid ultrasound 

imagingg was performed. 

METHODS S 

Thee study protocol was approved by the institutional review board of the AMC. Al l parents, 

andd patients >12 years of age, gave their written informed consent. 

Thyroidd ultrasound imaging was performed in the pediatric radiology department in the 

AMC.Thyroidd volume (if the age of the child allowed accurate measurement), echogenicity 

andd echotexture were recorded by one of the pediatric radiologists (RvR or AS), and blindly 

re-examinedd by the other (AS or RvR), as well as a pediatric endocrinologist (TV). The volume 

(inn mL) of each thyroid lobe wras estimated as follows: transversal x sagittal x longitudinal 

maximumm diameters x 0.479 (15) and was compared to age-matched reference values (16-

18).. Echogenicity was scored as 'decreased', 'normal' or 'increased'. Echotexture was scored 



Thyroidd dysfunction as a consequence of (inadequately treated) maternal Graves' di 

ass 'normal', 'inhomogeneous' or 'abnormal' (when substantial irregularities were visible, e.g. 

noduless or cysts). 

Inn the TRH test plasma TSH was measured 15, 30, 45, 60, 120 and 180 minutes after 

intravenouss administration of TRH (10 ug/kg). An adequate response was defined as a 

maximumm TSH concentration between 15 and 35 mlU/L after 20 to 40 minutes (2;19). 

Thyroidd 123I~-imaging was performed by administering 2 MBq of Na123r intravenously; an 

uptakee of 10-15% after two hours was considered normal [extrapolated from the reported 

uptakee after 24 hours (20)]. 

Thee plasma FT4 and TSH reference ranges, measured by time-resolved fluoroimmunoassays 

(Delfia'' Free T4 and Delfia hTSH Ultra, Perkin Elmer, Wallac Oy, Turku, Finland), as 

establishedd in our laboratory, are 0.78-1.79 ng/dl (10.0-23.0 pmol/I) and 0.4-4.0 mIU/1 

respectively;; for neonates the lower limi t of the FT4 reference range is 0.93 ng/dl (12.0 pmol/ 

1).. When 'FT4' and 'TSH' are mentioned in the text, their plasma concentrations are meant, 

unlesss otherwise mentioned. TSH receptor antibodies were measured using the TRAK assay 

(Brahms,, Berlin, Germany), either with radioactive label or by luminescence. 

RESULTS S 

Grou pp Aa 

Thee mothers were diagnosed with Graves' disease before (n=3, one twin pregnancy), during 

(n=3)) or after pregnancy (n=6). As presented in Table 1 A, maternal FT4 measured during or 

shortlyy after pregnancy was markedly elevated and accompanied by suppressed TSH (data 

nott shown). In the neonatal period, all children had FT4 <0.93 ng/dl (<12.0 pmol/1), while 

TSHH never exceeded 8.0 mlU/L (Table 1A). TSH-receptor antibodies were measurable in 

variablee concentrations in both mothers and children (Table IB). 

Figuree 1. TRH test with normal and exaggerated TSH response 

140 0 

-30 0 () ) 30 0 60 0 90 0 120 0 150 0 

Dashedd lines: normal TSH response 
Continuouss lines: exaggerated TSH response. 



Tablee IA . Characteristics of thyroid function of children and their mothers (group A) 

Aa:l l 

Aa:2 2 

Aa:3 3 

Aa:4 4 

Aa:5 5 

Aa:6 6 

Aa:7 7 

Aa:8 8 

Aa:9 9 

Aa:10 0 

Aa:ll l 

Aa:12 2 

Aa:13 3 

Ab:l l 

Ab:2 2 

Ab:3 3 

Ab:4 4 

Ab:5 5 

Ac:l l 

Timin gg of 
diagnosis s 

Beforee pregnancy 

Beforee pregnancy 

Beforee pregnancy 

Duringg pregnancy 

Duringg pregnancy 

Duringg pregnancy 

Afterr pregnancy 

Afterr pregnancy 

Afterr pregnancy 

Afterr pregnancy 

Afterr pregnancy 

Beforee pregnancy 

Afterr pregnancy 

Beforee pregnancy 

Duringg pregnancy 

Afterr pregnancy 

Beforee pregnancy 

Beforee pregnancy 

Afterr pregnancy 

Mother r 

FT4 4 
ng/dl l 

(pmol/1) ) 

2.55 (32.2) 

2.55 (32.2) 

1.8-4.0 0 

'23.2-:51.51 1 

>5.44 (>70.0) 

>5.44 (>70.0) 

3.55 (45.0) 

2.77 (34.7) 

>5.44 (>70.0) 

3.55 (45.0) 

4.66 (59.0) 

5.00 (64.0) 

4.77 (60.0) 

4.44 (56.0) 

>5.44 (>70.0) 

>5.44 (>70.0) 

3.11 (40.0) 

4.8(61.8) ) 

>5.44 (>70.0) 

3.55 (45.0) 

Timin g g 

33.44 wk GA 

33.44 wk GA 

duringg pregnancy 

31.11 wkGA 

30.77 wk GA 

30.00 wk GA 

11 st wk pp h 

7thh wk pp b 

3rdd wk pp b 

2ndd wk pp h 

3rdd wk pp b 

30.00 wk GA 

3rdd wk pp b 

1stt wk pp b 

14.33 wkGA 

3rdd wk pp b 

2ndd wk pp b 

3rdd wk pp b 

3rdd wk pp b 

G.A. . 
(wk) ) 

34.6 6 

34.6 6 

37.0 0 

38.3 3 

36.9 9 

36.9 9 

38.0 0 

39.9 9 

38.0 0 

38.3 3 

36.7 7 

38.0 0 

38.9 9 

28 8 

35 5 

40 0 

38 8 

38 8 

40.9 9 

B.W. . 

1970 0 

1840 0 

2580 0 

1940 0 

2480 0 

2150 0 

3100 0 

3660 0 

2825 5 

3470 0 

3330 0 

4445 5 

2900 0 

1200 0 

2250 0 

3385 5 

2750 0 

3260 0 

3530 0 

Chil d d 

FT4 4 
ng/dll  a 

(pmol/1) ) 

0.9(11.5) ) 

0.8(10.8) ) 

0.66 (7.9) 

0.66 (7.5) 

0.66 (7.6) 

0.55 (6.4) 

0.44 (5.0) 

0.66 (8.0) 

0.99 (11.3) 

0.55 (6.5) 

0.55 (6.2) 

0.88 (10.8) 

0.88 (10.9) 

0.77 (8.7) 

0.88 (10.0) 

0.8(10.1) ) 

0.33 (4.0) 

0.4(5.1) ) 

0.66 (8.2) 

TSH a a 

mIU/ 1 1 

1.1 1 

1.1 1 

0.7 7 

4.1 1 

0.7 7 

0.9 9 

1.2 2 

3.3 3 

2.4 4 

5.9 9 

1.8 8 

7.5 5 

2.1 1 

0.1 1 

0.1 1 

3.0 0 

2.8 8 

3.4 4 

1.2 2 

Day y 

611 d pp 

71dpp p 

500 d pp 

22 d pp 

96dpp p 

400 d pp 

122 d pp 

244 d pp 

166 d pp 

111 dpp 

111 dpp 

66 d pp 

177 d pp 

155 d pp 

99 dpp 

188 dpp 

77 dpp 

188 dpp 

100 dpp 

''' Measurement before initiation of T4 supplementation 
hh If no FT4 concentration during pregnancy was determined (because of undiagnosed or uncontrolled Graves' 
disease),, the first measurement after pregnancy is presented, indicated by b. 

PatientsPatients with persistently elevated TSH after T4 withdrawal (Table 2) 

Inn patient Aa:4 T4 withdrawal appeared successful at the age of 0.5 year both FT4 and TSH 

remainedd within their reference ranges and maximum TSH response in the TRH test was 

normall  (21.7 mIU/1 after 30 minutes). However, after 8 months TSH increased >4.0 mlU/ 

1,, and T4-supplementation was restarted. After another withdrawal at the age of 4.9 years 

TSHH remained elevated up to 9 months (11.3 mIU/1), and T4-supplementation was restarted 

again.. Also in patient Aa:12, whose TSH wras within the reference range 5 months after 

T44 withdrawal, TSH increased >4.0 mIU/1 after one year. In patients Aa:7 and Aa:8 TSH 

increasedd immediately after T4 withdrawal and remained elevated until supplementation 

wass restarted a few months later. In all 4 patients (Aa:4, Aa:7, Aa:8 , Aa:12) the maximum 

TSHH response in the TRH test, performed during the T4 withdrawal period, was exaggerated 

(47.9,, 53.0, 127.0 and 37.2 mIU/1, respectively, Figure 1). The U i I -uptake, performed in patient 

Aa:4,, Aa:7 and Aa:8 was low (4.4%, 5.2% and 3.4% after 120 minutes respectively). Thyroid 

ultrasoundd imaging showed decreased echogenicity in all 4 patients, with a cyst and a nodule 

inn patient Aa:4, inhomogeneous echotexture in patients Aa:8 and Aa:12 and decreased 

volumee in patients Aa:7 and Aa:8 (Table 3A). In none of the patients thyroid antibodies were 

detectablee at ages 3.2, 2.3, 3.0, and 1.1 years, respectively. 



Tablee IB . TSH-receptor antibody concentrations in Group A and B 

Motherr  Chil d 

Case e 

No. . 

Aa:l l 

Aa:2 2 

Aa:3 3 

Aa:4 4 

Aa:5 5 

Aa:6 6 

Aa:7 7 

Aa:8 8 

Aa;9 9 

Aa:10 0 

Aa:ll l 

Aa:12 2 

Aa:13 3 

Ab:l l 

Ab:2 2 

Ab:3 3 

Ab:4 4 

Ab:5 5 

Ac:l l 

B:l l 

B:2 2 

B:3 3 

B:4 4 

B:5 5 

B:6 6 

Cone. . 

IU/L a a 

41 1 

41 1 

18.4b b 

26 6 

247 7 

n.d. . 

19 9 

43 3 

1.2b b 

<9 9 

12 2 

59 9 

2,4 4 

n.d. . 

37.66 b 

<< 1.0 b 

n.d. . 

4.88 b 

24 4 

62 2 

8 8 

7 7 

22 2 

14 4 

n.d. . 

Tim ee of 

sampling g 

33.44 wkGA 

33.44 wk GA 

188 wk GA 

31.11 wkGA 

34.99 wk GA 

4dd pp 

4 3 d pp p 

211 d pp 

14dpp p 

222 d pp 

344 wk GA 

28dpp p 

22.33 wkGA 

233 d pp 

18dpp p 

17dpp p 

15.11 wkGA 

30.11 wkGA 

24.44 wk GA 

14.11 wkGA 

13.77 wkGA 

Cone. . 

IU/L a a 

n.d. . 

n.d. . 

91 1 

8 8 

1.33 b 

<5 5 

n.d. . 

<5 5 

n.d. . 

n.d. . 

9 9 

20 0 

n.d. . 

1.4 4 

21.99 b 

21.0b b 

1.8b b 

3.77 b 

11 1 

10 0 

n.d. . 

<5 5 

7 7 

5 5 

n.d. . 

Tim ee of 

sampling g 

Cordd blood 

Cordd blood 

1144 d pp 

400 d pp 

855 d pp 

22dpp p 

Cordd blood 

38dpp p 

11 dpp 

211 d pp 

88 dpp 

188 d pp 

244 dpp 

Cordd blood 

Cordd blood 

4dd pp 

111 dpp 

aa < 6 IU/liter negative, 6-10 IU/liter dubious, > 10 IU/liter positive 
bb TSH receptor antibodies measured by luminescence; <1.0 IU/liter negative, 1.0-1.5 IU/liter dubious, >1.5 IU/ 

literr positive 

Alsoo in patient Aa:13 TSH increased immediately after withdrawal of T4 and remained 

elevatedd up til l 6 months after withdrawal. Because T4 supplementation was restarted, no 

stimulationn test could be performed yet. Thyroid ultrasound imaging showed a small thyroid 

withh decreased echogenicity and inhomogeneous echotexture. 

PatientsPatients with transiently elevated TSH after T4 withdrawal (Table 2) 

Inn 4 patients (Aa:l, Aa:2, Aa:10, Aa:ll ) TSH spontaneously returned into the reference range, 

afterr a transient elevation (>4.0 mIU/1) following withdrawal of T4-supplementation. Thyroid 

echogenicityy was decreased in patient Aa:10 and in patient Aa:l, in combination with an 

inhomogeneouss echotexture. Thyroid volume was decreased in patient Aa:l and Aa:2 (Table 

3A). . 



Tablee 2. Characteristics ot thyroid function just preceding withdrawal and after withdrawal of T4-supplenientation 
(groupp Aa) 

Aa:4 4 

Aa:7 7 

Aa:8 8 

Aa:12 2 

Aa:13 3 

Aa:l l 

Aa:2 2 

Aa:10 0 

Aa:ll l 

Aa:3 3 

Aa:5 5 

Aa:6 6 

Aa:9 9 

Precedingg withdrawa l of 
T4 4 

Agee (years) 

4.9 9 

2.0 0 

3.0 0 

1.0 0 

1.5 5 

4.0 0 

4.0 0 

0.3 3 

1.8 8 

3.0 0 

1.1 1 

3.5 5 

2.0 0 

-supplementation n 

FT4 4 
ng/dl l 

(pmol/1) ) 

Afterr  wi 
T4-supp] ] 

TSHH Age (years) 
mlU/LL  <at' 'after ' ' 

withdrawa l l 

Persistentt TSH elevation after 

ii  .2 (14.9) 

1.2(15.0) ) 

1.11 (14.4) 

1.2(15.1) ) 

1.3(16.2) ) 

Ti i 

2.00 (25.3) 

2.00 (25.4) 

1.2(15.3) ) 

1.0(13.0) ) 

1.5(18.8) ) 

1,3(17.3) ) 

1.0(13.0) ) 

0.88 (10.7) 

3.33 0.5..3.2,4.9 

2.00 2.3 

0.22 3.0 

1.77 1.1 

2.22 2.0 

ansientt TSH elevation after 

4.0 0 

4.0 0 

3.11 0.3 

2.77 1.8 

Normall  TSH after withe 

0.99 3.0 

1.44 1.3 

0.33 3.2/3.5 

1.22 2.2 

withdrawal l 

5.4 4 

5.7 7 

2,5 5 

2.6 6 

3.1 1 

3.2 2 

3.3 3 

3.7 7 

1.2 2 

1.5 5 

2.1 1 

2.2 2 

2.3 3 

2.1 1 

2.2 2 

2.5 5 

withdrawal l 

4,1 1 

4.3 3 

4.1 1 

4.2 2 

4.3 3 

0.4 4 

0.5 5 

1.6 6 

2.2 2 

2.6 6 

3.1 1 

3.6 6 

rawal l 

3.3 3 

3.6 6 

1.4 4 

1.8 8 

2.4 4 

3.6 6 

3.7 7 

3.8 8 

2.3 3 

2.7 7 

thdrawall  of 
ementation n 

FT4 4 
ng/dl l 

(pmol/1) ) 

0.99 (11.3) 

0.88 (9.7) 

0.7(9.0) ) 

0.77 (9.0) 

0.4(5.0) ) 

0.6(7.1) ) 

0.8(10.7) ) 

0.66 (7.4) 

1.0(12.8) ) 

1.0(13.0) ) 

1.2(15.3) ) 

1.0(13.4) ) 

1.0(13.4) ) 

0.9(11.0) ) 

1.0(12.7) ) 

0.99 (11.7) 

0.9(11.6) ) 

0.9(11.9) ) 

0.88 (9.8) 

0.88 (10.9) 

0.9(12.2) ) 

1.2(15.1) ) 

1.11 (14.2) 

1.2(15.9) ) 

1.2(15.0) ) 

1.22 (15.0) 

1.2(15.0) ) 

1.2(16.0) ) 

1.2(15.3) ) 

1.11 (14.8) 

1.0(12.8) ) 

1.11 (14.0) 

1.0(13.4) ) 

0.66 (7.6) 

0.8(10.4) ) 

0.6(8.1) ) 

0.9(12.0) ) 

0.88 (10.3) 

TSH H 
mlU/L L 

14,3 3 

11.3 3 

6.0 0 

7.8 8 

36.1 1 

22.1 1 

13.0 0 

18.8 8 

4.5 5 

2.1 1 

6.0 0 

4,9 9 

5.2 2 

8.7 7 

8.3 3 

6.3 3 

7.2 2 

2.7 7 

8.3 3 

5.8 8 

3.5 5 

5.9 9 

2.2 2 

2.2 2 

4.8 8 

2.3 3 

4,3 3 

2.8 8 

1.4 4 

0.9 9 

1,7 7 

1.4 4 

1.6 6 

3.2 2 

2.3 3 

1.4 4 

2.4 4 

1.9 9 



tionn as a i onsei lequately tn 

Figuree 2A. Thyroid ultrasound image of a child with thyroid disintegration 

Thyroidd ultrasound image of 
childd Aa:8 showing decreased 
echogenicityy and inhomogeneous 
echotexture. . 

Figuree 2B. Thyroid ultrasound image of a child with a normal thyroid 

Thyroidd ultrasound image of child 
B:44 showing normal echogenicity 
andd normal echotexture. 

PatientsPatients with normal TSH after T4 withdrawal (Table 2) 

Inn 4 patients (Aa:3, Aa:5, Aa:6, Aa:9) TSH remained within the reference range after T4 

withdrawal.. In patient Aa:6 T4 was withdrawn for the first time at the age of 3.2 years but 

wass immediately restarted when FT4 decreased to 0.5 ng/dl (5.9 pmol/l) after 1 month. 

Afterr a second attempt (age 3.5 years) to withdraw T4-supplementation FT4 decreased 

againn and remained low up to 4 months (0.6 ng/dl, 8.1 pmol/l). Also in patient Aa:9 FT4 was 

borderlinee (0.8 ng/dl, 10.3 pmol/l) 6 months after withdrawal. In patient Aa:6 and Aa:9 the 

maximumm TSH response in the TRH test was within the normal range (17.0 and 15.1 mIU/1, 

respectively,, Figure 1) and substantially higher than in the neonatal period (2.3 and 8.5 mlU/ 

1,, respectively). In patient Aa:9 thyroid echogenicity was decreased with inhomogeneous 

texturee (Table 3A). 

Groupp Ab 

Motherss of group Ab children were diagnosed with Graves' disease before (n=3), during (n=l) 

orr after pregnancy (n = l). FT4 during or after pregnancy was markedly increased (Table 1A) 

andd TSH was suppressed. 



Inn the neonatal period all children had FT4 <0.93 ng/dl (<12.0 pmol/1) and TSH <4.0 mlU/L 

(Tablee 1 A). Thyroid echogenicity was decreased in 2 patients, echotexture inhomogeneous in 

11 patient and thyroid volume decreased in 1 patient. 

Groupp Ac 

Inn patient Ac:l, who was never treated with T4, FT4 increased from 0.6 to 1.0 ng/dl (8.2 to 

12.88 pmol/1) within 4 weeks after birth. TSH remained within the reference range, except at 

thee age of one year, when once 4.2 mlU/L was measured. Maximum TSH response in the 

TRHH test was insufficient at the age of 1 month (4.4 mlU/L after 30 minutes), but normal at 

thee age at 1.1 years (26.4 mlU/L after 40 minutes). He was released from outclinic controls 

att the age of 1.5 years (FT4 1.1 ng/dl (14.2 pmol/1), TSH 4.0 mlU/L). At the age of 9.5 years 

bothh FT4(1.1 ng/dl, 13.7 pmol/I) and TSH (2.6 mIU/1) were within their reference ranges. His 

thyroidd gland had a normal volume with inhomogeneous echotexture. 

Groupp B 

Thee 4 mothers of the 6 group B children were known with Graves' disease belore pregnancy 

(n=55 pregnancies), or diagnosed already in the 6th week of pregnancy (n=l pregnancy). 

Duringg pregnancy mothers were treated with antithyroid drugs throughout pregnancy (3 

Tablee 3A. 'Ihyroid ultrasound characteristics (group A) 

Est imatedd vo lume ml 

Aa:l l 

Aa:2 2 

Aa:3 3 

Aa:4 4 

Aa:6 6 

Aa:7 7 

Aa:8 8 

Aa:9 9 

Aa:l() ) 

Aa:12 2 

Aa:13 3 

Ab:l l 

Ab:2 2 

Ab:3 3 

Ab:4 4 

Ab:5 5 

Ac:l l 

Age e 
yrs s 

4.1 1 

4.1 1 

3.3 3 

.0.1 1 

3.8 8 

3.3 3 

3.7 7 

2.3 3 

1.6 6 

2.1 1 

1.2 2 

1.2 2 

2,3 3 

1.1 1 

2.0 0 

1.1 1 

8.5 5 

Echo--
genicity y 

Low w 

Normal l 

Normal l 

Low w 

Normal l 

Low w 

Low w 

Low w 

Low w 

Low w 

Low w 

Low w 

Normal l 

Normal l 

Low w 

Normal l 

Normal l 

Echo--
textur e e 

Inhomog. . 

Normal l 

Normal l 

Cystt and nodule 

Normal l 

Normal l 

Inhomog. . 

Inhomog. . 

Normal l 

Inhomog. . 

Inhomog. . 

Normal l 

Normal l 

Normal l 

Inhomog. . 

Normal l 

Inhomog. . 

Lobee left 

0.8 8 

0.3 3 

0.6 6 

0.8 8 

0.2 2 

0.2 2 

0.3 3 

0.3 3 

0.1 1 

2.6 6 

Lobee righ t 

0.7 7 

0.4 4 

--
0.7 7 

1.0 0 

0.3 3 

0.1 1 

0.8 8 

--

--
--

0.4 4 

--
0.2 2 

--
2.3 3 

Total l 

1.5 5 

0.7 7 

--
1.3 3 

1.8 8 

0.5 5 

0.3 3 

1.3 3 

--
--
--
--

0.7 7 

--
0.3 3 

--
5.1 1 

Ref f 

1.8-4.66 l4 

1.8-4.66 a4 

1.8-4.66 L<4 

0.9-3.77 Jl 

1.8-4.66 j 4 

1.8-4.6'w w 

1,8-4.66 a1 

0.3-4.0"--

0.5-2.99 j l 

0.5-2.99 '; 

bi i 

Inhomog,, inhomogeneous. Reference values are obtained from patients with sufficient iodine supply 

'.. las et al (16). Ranges are presented. 1 - 0-2 years (males), 2 = 0-2 years (females), 3 3-5 years (males), 1 - 3-5 

yearss (females) 

'"'.. Yitt i et al (17). Mean  SU is presented. 1 = 6 years, 2 = 8 years, 3 = 9 years, 4 = 10 years, 5 = 1 1 years, 6 = 12 

years,, 7" 1 3 years. 8 14 years 

',, Maravall et al (18). Mean is presented (adult males) 



Tablee 3B. Thyroid function and ultrasound characteristics (groups B and C) 

Estimatedd volume 

B:l l 

B:2 2 

B:3 3 

B:4 4 

B:5 5 

B:6 6 

C:l l 

C:2 2 

C:3 3 

C:4 4 

C:5 5 

OO 6 

C:7 7 

C;8 8 

C:9 9 

C:10 0 

Age e 
yrs s 

10.3 3 

11.4 4 

8.8 8 

2.5 5 

1.3 3 

4.0 0 

10.8 8 

5.8 8 

6.2 2 

8.0 0 

8.8 8 

4.5 5 

5.0 0 

13.1 1 

17.5 5 

13.5 5 

Inhomog.. = in 

FT4 4 
ng/dl l 

(pmol/l ) ) 

1.0(12.4) ) 

1.4(17.6) ) 

1.2(15.0) ) 

0.9(11.5) ) 

0.9(11.8) ) 

1.2(14.9) ) 

1.3(16.1) ) 

1.2(15.9) ) 

1.7(22.2) ) 

1.4(18.1) ) 

1.2(15.6) ) 

1.4(17.8) ) 

1.3(16.4) ) 

1.4(17.8) ) 

0.9(11.0) ) 

1.5(18.9) ) 

lomogeneous s 

TSH H 
mIU/I . . 

2.5 5 

4.8 8 

3.2 2 

2.0 0 

0.8 8 

0.9 9 

0.01 1 

0.01 1 

0.01 1 

0.01 1 

0.01 1 

0.11 1 

0.01 1 

0.01 1 

0.02 2 

0.01 1 

Echo--
genicity y 

Normal l 

Normal l 

Normal l 

Normal l 

Normal l 

Normal l 

Normal l 

Normal l 

Normal l 

Decreased d 

Increased d 

Normal l 

Decreased d 

Increased d 

Increased d 

Normal l 

Echo--
textur e e 

Normal l 

Normal l 

Normal l 

Normal l 

Normal l 

Normal l 

Inhomog. . 

Inhomog. . 

Inhomog. . 

Normal l 

Normal l 

Normal l 

Normal l 

Inhomog. . 

Nodule e 

Inhomog. . 

.. Reference values are obtained from patie 

ml l 
Lobe e 
left t 

2.3 3 

1.8 8 

1.4 4 

0.7 7 

0.6 6 

0.7 7 

0.6 6 

0.2 2 

0.5 5 

0.4 4 

0.6 6 

0.2 2 

0.5 5 

0.5 5 

0.6 6 

0.1 1 

ntss with 

Lobe e 
righ t t 

3.9 9 

2.2 2 

2.5 5 

0.7 7 

0.6 6 

0.8 8 

0.9 9 

0.3 3 

0.6 6 

0.6 6 

0.2 2 

0.3 3 

0.6 6 

0.5 5 

0.7 7 

0.2 2 

sufficientt iod 

Total l 

6.2 2 

4.0 0 

3.9 9 

1.4 4 

1.2 2 

1.5 5 

1.5 5 

0.5 5 

1.1 1 

1.0 0 

0.8 8 

0.5 5 

1.1 1 

1.0 0 

1.3 3 

0.3 3 

nee supp 

Ref f 

4.00 + 1.5 l"1 

4.9+1.55 l,:' 

3.66 + 1.3 bi 

0.5-2.99 :" 

0.5-2.99 Jl 

1.8-4.66 Jl 

4.9+1.55 hn 

2.7+1.22 M 

2.7+1.22 hl 

3.3+1.22 h2 

3.6+1.33 h1 

1.8-4.66 a4 

0.9-3,77 Ji 

6.11 + 1.6 h" 

9.99 c 

6.3+1.55 M 

V V 
J.. Tas et al (16). Ranges are presented. 1 = 0-2 years (males), 2 = 0-2 years (females), 3 = 3-5 years (males), 4 = 3-5 
yearss (females) 
h.. Vitti et al (17). Mean  SD is presented. 1 = 6 years, 2 = 8 years, 3 = 9 years, 4 = 10 years, 5=11 years, 6 = 12 
years,, 7=13 years, 8=14 years 
\\ Maravall et al (18). Mean is presented (adult males) 

pregnancies),, with T4 after 1311 -treatment before pregnancy (2 pregnancies), or without any 

medicationn (1 pregnancy). One of the mothers, diagnosed before pregnancy, was hyperthyroid 

untill  antithyroid drug treatment became intensified, resulting in FT4<1.94 ng/dl (<25.0 pmol/ 

1)) from the 18th week of pregnancy onwards. In the mother with hyperthyroidism diagnosed 

inn early pregnancy FT4 was <1.94 ng/dl (<25.0 pmol/l) from the 16th week of pregnancy 

onwards,, after antithyroid drug treatment became effective. In the other 4 pregnancies 

FT44 was <1.94 ng/dl (<25 pmol/l) throughout pregnancy. TSH-receptor antibodies were 

measurablee in variable concentrations in both mother and child (Table IB). 

Neonatall  thyroid function was normal in all 6 children. At recall (median age 8.8 years, 

rangee 1.3-11.8), all children were considered healthy. FT4 was within the reference range 

inn all 6 children, while TSH was in 5 (Table 3B). In child B:2 TSH was slightly elevated (4.8 

mIU/1).. He had been very nervous for the blood sampling and was extremely stressed during 

thee venapuncture; concomitantly measured prolactin (51 ng/ml) and Cortisol (20.1 ug/dl, 555 

nmol/L)) were also elevated. Thyroid echogenicity, texture and volume were normal in all 

childrenn (Table 3B). 



Groupp C 
Ninee CH-C patients had multiple pituitary hormone deficiencies and were treated with T4 

(n=9),, growth hormone (n=8), hydrocortisone (n=7) and testosterone (n=2); 1 patient had 

isolatedd CH-C and was treated with T4. In all patients FT4 was within the reference range, 

andd TSH suppressed (Table 3B). 

Thyroidd ultrasound imaging showed decreased echogenicity in 2 patients, increased 

echogenicityy in 3, nodules in 1, inhomogeneous echotexture in 5 and decreased thyroid 

volumee in 6 patients {Table 3B). 

DISCUSSION N 

Disturbancee of the fetal and neonatal thyroid hormone state, as one of the adverse effects 

off  maternal Graves' disease during gestation, is an important issue because it constitutes 

thee risk of damage to the developing brain. The occurrence, type and severity of thyroid 

dysfunctionn in the offspring are dependent on the presence of maternal thyroid antibodies 

andd the use of antithyroid drugs (6;21). Recently, we reported on children with CH-C born to 

motherss with gestational hyperthyroidism due to inadequately treated Graves' disease. This 

entityy illustrates that disturbances in the maternal thyroid hormone state during gestation 

mayy influence pre- and postnatal thyroid function in the offspring too (3). We followed these 

childrenn extensively, especially after withdrawal of T4-supplementation, to establish whether 

thee condition would be transient or permanent. In all patients the pituitary dysfunction, as 

observedd in the neonatal period, improved later on. However until now, in 5 children the 

apparentlyy transient CH-C appeared to be succeeded by persistent thyroidal hypothyroidism. 

Thiss novel finding constitutes another, unexpected adverse effect of maternal Graves' 

disease. . 
Thethyroidconditioninthese55 patients wascharacterized by persistenthyperthyrotropinemia, 

ann exaggerated TSH response in the TRH-test, and thyroid glands with small volume and 

inhomogeneouss echotexture. The onset of this thyroid condition is uncertain because thyroid 

ultrasoundd imaging was not performed systematically after birth. Besides, the initially co-

existentt TSH deficiency as well as subsequent (adequate) T4-supplementation wil l have 

maskedd and prevented the biochemical expression of the thyroid dysfunction (3). 

Thee other 8 patients with CH-C due to gestational hyperthyroidism ended up (after 

withdrawal)) with plasma TSH concentrations within the reference range, sometimes after a 

transientt elevation. In 6 of them concomitantly measured FT4 concentrations were within the 

referencee range; the 2 with low and low-normal FT4 concentrations, respectively, had normal 

TSHH responses in the TRH test, so neither in them hypothyroidism could be established. On 

thee other hand the inhomogeneous echotexture and/or decreased thyroid echogenicity or 

volume,, in the majority of patients with CH-C due to gestational hyperthyroidism, suggests 

att least some degree of thyroid damage. The fact that TSH was not (persistently) increased 

inn some patients in whom T'4 was withdrawn, despite the presumed thyroid damage, might 

bee explained by ongoing pituitary-hypothalamic insufficiency (CH-C). Also, the fetal 

hyperthyroidismm to which our patients had been exposed might have shifted the pituitary's 

setpointt for TSH secretion [in analogy to the shift in the opposite direction as observed in 



childrenn exposed to fetal or perinatal hypothyroidism (22)], explaining the tendency to lower 

FT44 in the subgroup of patients with persistently normal TSH. Although none of the patients 

hadd clinical problems after withdrawal, T4-supplementation was restarted when either FT4 

orr TSH continued to be outside the reference range 

Permanentt and transient CH of thyroidal origin, occasionally described in children born 

too mothers with auto-immune hypothyroidism, have been attributed to cytotoxic effects 

off  maternal antibodies (23-25). Although in none of our patients with persistent thyroid 

dysfunctionn thyroid antibodies were demonstrated at the time T4-supplementation was 

withdrawn,, they had been detected (in variable concentrations) in the neonatal period 

(Tablee IB), as reported previously (3). To get more insight in the possible role of thyroid 

antibodiess in the process of thyroid damage in our group A patients, we also investigated 

thyroidd function and structure in a group of children born to mothers with Graves' disease 

adequatelyy treated during pregnancy, in other words in whom auto-immunity was not 

associatedd with hyperthyroidism. In their children, obviously without CH-C, we did not 

observee biochemical or ultrasound signs of a thyroid problem. So, this novel disease entity 

appearedd to be restricted to children in whom CH-C preceded, rather than to be associated 

withh thyroid antibodies of maternal origin, although our data do not allow exclusion of 

antibodiess as an additional causal factor. A suitable (additional) control group (gestational 

hyperthyroxinemiaa without auto-immunity) would have been 'not affected' children born 

too mothers with thyroid hormone resistance, but such cases never came to our attention. 

Indeed,, the report of Anselmo et al., dealing with this subject has shown that maternal 

thyroidd hormone resistance can lead to pituitary dysfunction in the child, in line with our 

observations,, but these authors did not (yet) report on the long-term consequences for 

thyroidd morphology and function in the offspring. 

Inn the control group of CH-C patients with multiple pituitary hormone deficiencies, in 

whomm adequate T4-supplementation invariably caused longstanding extremely low TSH 

concentrationss (22), we observed extremely decreased thyroid volumes. Likewise, in patients 

withh inactivating mutations in the TSH receptor gene thyroid hypoplasia is a common 

featuree (26). These observations led us to the hypothesis that early and longstanding 

insufficientt TSH action hampers normal thyroid growth and development. A unique feature 

off  the group of patients with CH-C born to mothers with gestational hyperthyroidism is 

thatt after a period of insufficient TSH action, the pituitary still started functioning several 

monthss after birth. Subsequently, persistent TSH elevation disclosed irreversible thyroid 

dysfunction,, and demonstrated that the ultrasound features reflect severe thyroid damage. 

Thee loss of thyroid integrity of both thyroid morphology and function, after a phase in which 

thee development and function of the thyroid's regulatory system was hampered, suggests a 

developmentall  defect at the follicular level. We believe that the term 'thyroid disintegration' 

bestt describes this phenomenon, that manifests somewhere between thyroid dysgenesis and 

thyroidd destruction. 

Thyroidd hormone plays an essential role in brain development during pre- and early postnatal 

life.. Therefore, T4-supplementation was initiated in our patients with CH-C as soon as the 

diagnosiss was established. Although it might be that the institution of T4-supplementation 

(further)) impaired thyroid growth and integrity, we consider well established preservation 

off  brain development by instituting adequate T4-supplementation a higher priority than the 

eventuall  preservation of thyroid tissue. 



Becausee of its retrospective character, our study had some limitations e.g. variation in the age 

off  the children at the time of investigation. Whenever possible, a prospective design is more 

suitablee to provide complete and structured information, but for obvious ethical reasons 

thee present issue can not be studied in a prospective design. Monitoring maternal thyroid 

functionn wil l lead to immediate correction of any tendency to hypo- or hyperthyroidism, 

preventingg the long-term hyperthyroid environment of the fetus. Based on our previous (3) 

andd present observations, we suppose that once maternal hyperthyroidism is prevented also 

thee occurrence of central and thyroidal hypothyroidism in the offspring is prevented. So, we 

gott a rather unique opportunity to learn about the pediatric consequences ot inadequately 

treatedd maternal Graves' disease. 

Inn summary, inadequately treated maternal Graves' disease resulting in gestational 

hyperthyroidism,, might not only lead to (transient) hyperthyroidism in the fetus and 

(presumablyy transient) CH-C in the newborn infant, but also carries the until now 

unrecognizedd risk of thyroid tissue disintegration, resulting in (presumably permanent) 

losss of its capacity to maintain euthyroidism. We speculate that the long-term lack of TSH 

actionn due to the hyperthyroid fetal environment, possibly prolonged by the postnatal T4 

supplementation,, interferes with thyroid development and results in loss of thyroid integrity 

inn terms of thyroid morphology and function. 

Inn the proposed pathogenetic mechanism, the role of maternal thyroid-stimulating 

antibodiess is restricted to induce and maintain hyperthyroidism in the pregnant mother. 

Becausee neither the CH-C nor the subsequent thyroid disintegration is ever seen in the 

offspringg of well-treated mothers with Graves' disease we speculate that maternal thyroid 

antibodiess at most play an additional role in this disease entity, and that both this type of 

CH-CC and thyroid disintegration can be prevented by preserving euthyroidism in the mother 

throughoutt pregnancy. 

Longg term follow-up is needed to evaluate the incidence, and further consequences of this 

novell  pathological entity, and to reveal the most appropriate diagnostic and treatment 

approach.. In the meantime careful monitoring of thyroid function determinants and thyroid 

imagingg should be part of the diagnostic work-up in children born to mothers with Graves' 

disease. . 
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