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SUMMARY Y 

Thiss thesis, entitled 'congenitalhypothyroidism.nl' links to various aspects of CH; it deals 

withh neonatal screening, diagnosis, treatment, outcome and phenotypic ahnormalities of 

Dutchh CH patients. 

Chapterr 1 gives a short introduction on development and morphology of the thyroid gland. 

Furthermoree a brief outline is given on the regulation of thyroid hormone synthesis by the 

hypothalamus-pituitary-thyroidd axis, the action of thyroid hormone via its receptors and the 

rolee of iodothyronine deiodinases in regulation of thyroid hormone (in)activation. 

Inn the first years of life thyroid hormone plays a major role in development, especially of the 

brain,, where it is involved in the regulation of cell migration, formation of cortical layers and 

inn differentiation of neuronal and glial cells, oligodendrocytes and astrocytes. 

Duringg pregnancy the placenta has an important role in the fetal thyroid hormone state. The 

highh activity of the deactivating deiodinase-type 3 (D3) in the placenta most likely protects 

thee fetus by limiting the affluence of maternal T4, maintaining the fetal T3 concentrations 

low.. Maternal thyroid disease may have major influences on the fetal thyroid hormone state 

becausee not only thyroid hormone but also thyroid antibodies and anti-thyroid drugs can 

passs the placenta. 

Inn order to determine the presence and etiology of CH various thyroid function determinants, 

especiallyy in combination, are helpful. The most common etiologies of CH are thyroidal CH 

(eitherr due to thyroid dysgenesis or dyshormonogenesis) or central CH (with a defect in the 

hypothalamus-pituitaryy regulation of the thyroid). At present a number of genes are known 

too be involved in thyroid gland development and thyroid hormone production. 

Neonatall  CH screening programs have been implemented worldwide to prevent irreversible 

cerebrall  damage due to lack of thyroid hormone by enabling early and adequate T4-

supplementation.. T4 supplementation in patients with CH aims to establish euthyroidism 

ass soon as possible after the diagnosis of CH, and to maintain euthyroidism by adapting 

T44 supplementation dose regularly. The ultimate goal is to establish normalized outcome in 

everyy aspect. Several studies have investigated cognitive and motor outcome of CH patients. 

Althoughh some studies have reported that CH patients have normal development, others 

havee found persisting deficits, despite early treatment. To what extent type and severity of 

CHH and treatment strategy (such as day at which treatment is started, initial T4 dose, long-

termm treatment adequacy) contribute to eventual outcome is discussed in the Introduction 

andd in Chapter 5. 

Chapterr 2 describes the Dutch neonatal CH screening program. With a unique T4-TSH-

TBG-basedd approach patients with CH of thyroidal as well as central origin are detected. Of 

allall referred neonates born between April 1, 2002 and May 31, 2004 screening results and first 

venouss sample results were recorded and classified as transient or permanent thyroidal or 

centrall  CH, or no CH. 

Off  the 430,764 screened children born in the study period 772 had an abnormal screening 

resultt of whom 224 (29%) had CH; another 13 CH patients did not have abnormal screening 

results.. The overall incidence of CH was 1:1,800, of permanent CH 1:2,200, of permanent 

thyroidall  CH 1:2,500, of permanent central CH 1:21,000 and of transient CH 1:12,000, 
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respectively.. The most frequent explanations for the 548 false-positive referrals (71% of the 

referredd cohort) were severe illness (occurring in 198 children, 36% of the false-positives) and 

TBGG deficiency (occurring in 200 children, 36% of the false-positives). 

Basedd on our observations, including the high calculated incidence for CH in the 2002-04 

cohort,, the T4-TSH-TBG screening approach appeared to be an efficiënt method to detect 

CHH of variable etiology and severity. Still, a small percentage of children with CH escaped 

detectionn via this screening approach, especially those with very mild CH with a T4 >-0.8 SD 

andd premature born children with central CH. 

Inn the past decade we encountered an increasing number of children with central CH 

whoo were born to mothers with Graves' disease. In Chapter 3.1 the characteristics of 18 

childrenn and their mothers were described. Nine mothers were diagnosed after delivery, 

thee majority after their children were detected with central CH by neonatal screening. Four 

motherss were diagnosed during pregnancy, 3 of them in the third trimester, and treated with 

antithyroidd drugs since diagnosis. Another 4 mothers were diagnosed before pregnancy, but 

theyy used antithyroid drugs irregularly; free T4 concentrations less than 22 pmol/1 were not 

encounteredd during pregnancy. Al l neonates had decreased plasma free T4 concentrations 

(rangee 3.9 -11.5 pmol/1); their plasma TSH ranged between 0.1 and 6.6 mU/liter. TRH tests 

showedd pituitary dysfunction. In 17 children T4 supplementation was initiated. 

Becausee all mothers were insufficiently treated during pregnancy, it was hypothesized that 

aa hyperthyroid fetal environment impaired maturation of the fetal hypothalamic-pituitary-

thyroidd system. The neonatal CH screening program appeared not only useful in detecting 

centrall  CH but also maternal Graves' disease. 

Afterr initiation of T4 supplementation thyroid function determinants were frequently 

monitoredd in the children. Because of the presumed transient condition of pituitary 

hyporesponsivenesss T4 supplementation was withdrawn. However, as a novel phenomenon, 

persistentlyy elevated TSH concentrations were observed in 5 children together with very 

smalll  thyroid volumes with inhomogenous echotexture on ultrasound imaging (referred 

too as thyroid disintegration). To study the pathogenesis of this finding thyroid function 

determinantss were determined and thyroid ultrasound imaging performed in 3 groups of 

children,, described in Chapter 3.2. When this study was performed 28 children with central 

CHH born to mothers with inadequately treated Graves' disease were known at our department; 

199 participated in this study, representing the first group (A); in 13 T4 supplementation was 

withdrawn.. The second group (B) concerned 6 children, without thyroid dysfunction in the 

neonatall  period, who were born to mothers with adequately treated Graves' disease and the 

thirdd group (C) concerned 10 patients with central CH as part of multiple pituitary hormone 

deficienciess (MPHD). 

Fivee children from group A had developed thyroidal hypothyroidism characterized by 

persistentlyy elevated TSH-concentrations and exaggerated TSH-responses after TRH-

stimulation.. In the majority of patients of group A and C thyroid echogenicity and volume 

wass decreased and echotexture inhomogeneous. Thyroid ultrasound imaging was normal in 

groupp B children. 

Basedd on these findings it was concluded that inadequately treated maternal Graves' disease 

mightt not only lead to central CH but carries a risk of thyroid disintegration in the offspring 

ass well. We speculated that insufficient TSH-secretion due to excessive maternal-fetal thyroid 



hormonee transfer inhibited physiological thyroid growth and development, resulting in loss 

off  thyroid integrity in terms of thyroid morphology and function. Because this type of central 

CHH as well as the subsequently disclosed thyroidal CH were only observed in children born 

too mothers inadequately treated during pregnancy, we supposed that their occurrence could 

havee been prevented by preserving euthyroidism in the mother throughout pregnancy. 

Chapterr 4 describes the initial and long-term response on T4 supplementation in CH 

children.. Chapter 4.1 presents the results of a retrospective analysis of plasma TSH, total 

T4,, FT4 and total T3 measurements in CH neonates during the first weeks of treatment, 

treatedd with initial daily T4 dosages ranging from 4.8 to 11.1 ug/kg per day. 

AA 50% reduction in the initial plasma TSH concentration was achieved after 3-4 days of 

treatment,, independent of CH severity; TSH became within its reference range (0.4-4.0 mU/ 

1)) after a median of 32 days after the start of T4 supplementation. Plasma FT4 reached the 

lowerr limi t of the reference range (12-29 pmol/1) at a median age of 3 days. The increase in 

plasmaa T3 concentrations levelled off within a few days, when T4 reached concentrations of 

aroundd 100 nmol/1. 

Apparently,, in the initial phase of treatment plasma TSH concentration was not helpful in 

assessingg the proper T4 supplementation dosage; once plasma TSH had reached normal 

values,, it became a reliable determinant in addition to plasma FT4. At the time that plasma 

TSHH was normalized, CH neonates showed a higher range of plasma FT4 concentrations 

thann the reference range. It was concluded that the range for plasma FT4 during treatment in 

thee first months needed to be adapted in CH patients. 

Thee study described in Chapter 4.2 was performed to investigate the dynamics of thyroid 

functionn determinants after the first months. Plasma FT4, TSH and T3 of children with 

CHH (both thyroidal and central) aged 0.5 to 20 years of age were analyzed and compared to 

childrenn with acquired thyroid disorders and controls. 

Whenn TSH was within the reference range (0.4-4.0 mU/1), mean FT4 in thyroidal CH (21.1 

pmol/1;; 95% confidence interval (CI), 20.8-21.5) was significantly higher than in autoimmune 

thyroidd disease (14.8 pmol/1; 95% CI, 14.3-15.3) and diabetes (13.9 pmol/1; 95% CI, 13.6-14.2). 

Inn central CH, when TSH was <0.02 mU/1, mean FT4 was 16.3 pmol/1 (95% CI, 16.0-16.6). 

Whenn FT4 was within the reference range (10-23 pmol/1), 43% of the TSH concentrations in 

thyroidall  CH were above 4.0 mU/1, compared with 18% in autoimmune thyroid disease and 

0%% in type 1 diabetes mellitus; in central CH, 95% of TSH concentrations were below 0.4 

mU/1. . 

So,, also after the initial phase FT4 concentrations remained elevated in T4-supplemented 

patientss with thyroidal CH, when TSH concentrations were established within the reference 

range.. When FT4 was within the reference range TSH tended to be elevated. Intriguingly, this 

phenomenonn could not be observed in T4-supplemented patients with acquired thyroidal 

hypothyroidism.. Therefore, it was suggested that a pre- and/or perinatal hypothyroid state 

shiftedd the setpoint of the thyroid's regulatory system. In patients with central CH, when 

FT44 concentrations were established within the reference range, the pituitary secreted only 

minutee amounts of TSH. Therefore, for monitoring T4 supplementation, reference ranges for 

FT44 and TSH should be adapted to the etiology of hypothyroidism. 



Chapterr 5 describes part of the results of the Dutch nationwide study "Effect evaluation of 

thee screening on CH in The Netherlands". Since its national institution in 1981, the Dutch 

neonatall  CH screening procedure has been adapted by advancing the day of heel puncture 

samplingg several times. Besides, the initial treatment strategy gradually changed from low 

initiall  T4 dose in the early years of screening, to higher initial T4 dose in recent years. In the 

effectt evaluation study the effect of these changes was evaluated. 

Thee intellectual and motor outcome in patients with CH born in 1981-82, 1992-93, and 

2002-04,, and tested under euthyroid conditions, was investigated. Outcome was analyzed in 

relationn to type and severity of CH and treatment variables. Severity of CH was classified as 

severe,, moderate or mild, according to the pre-treatment (F)TT-concentration. 

Chapterr 5.1. In the 1981-82 cohort 70 patients with thyroidal CH were tested at a mean 

agee of 21.5 years; 49 of them were previously tested at 9.5 years. Their median age at start of 

treatmentt was 28 days (range 4-293). 

Thee mean Full Scale IQ score (95.8), as measured with the Wechsler Adult Intelligence Scales, 

wass significantly lower than the norm population. In addition, CH patients had significantly 

higherr (i.e. worse) motor scores, as measured with the Movement ABC (Total motor 

impairmentt score 7.8) compared with controls (3.2). Both intellectual and motor outcome 

weree most severely affected in patients with severe CH: mean full scale score 91.3, mean total 

motorr impairment score 9.8. 

Inn the group that was tested previously at the age of 9.5 years, no significant change in IQ 

scoress from childhood to adulthood was found and for the majority of patients motor score 

classificationn remained the same. Initial T4 concentration correlated with intellectual and 

motorr scores, the starting day of treatment did not. 

Chapterr 5.2. In the 1992-93 cohort 82 patients with thyroidal CH were tested at a mean age 

off  10.5 years. Their median age at start of treatment was 20 days (range 2-73 days). 

Forr the total thyroidal CH group the mean Full Scale IQ score (97.3), measured with the 

Wechslerr Intelligence Scale for Children, was not significantly different from the population 

mean.. However, in patients with severe CH the mean Full Scale IQ score (93.7) was 

significantlyy lower than in the normative population, whereas IQ-scores of patients with 

moderatee and mild CH were comparable to those of the normative population. 

Inn all three severity subgroups significant motor problems were observed, as measured 

withh the Movement ABC, but again most pronounced in the severe CH group. Initial FT4 

concentrationn but not the starting day of treatment or initial T4 dose correlated with IQ and 

motorr scores. 

Chapterr 5.3. In the 2002-04 cohort 119 patients with thyroidal CH were tested, with the 

Bayleyy Scales of Infant Development, at a mean age of 1.1 years. Their median age at start of 

treatmentt was 9 days (range 2-34). 

Forr the total group the mental developmental index scores (MDI 101.2) were not different 

fromm the population mean, also for the severe CH subgroup (MDI 100.8). Psychomotor 

developmentall  index scores were significantly lower (PDI 89.1) than the population mean 

inn the total CH group. No differences were seen between the severity subgroups. MDI and 



PDII  correlated weakly with the height of the initial T4 dose but not with the initial FT4 

concentrationn and the starting day of treatment. 

Itt should be noted that the 2002-04 cohort was very young (mean age 1.1 year) at the time of 

thee first evaluation; their outcome at later age should be awaited before definite conclusions 

cann be drawn on their cognitive and motor capabilities. The present results show that in the 

2002-044 cohort, who were screened and treated according to current practice, no differences 

couldd be demonstrated in mental developmental indices between CH patients at the age of 1 

yearr (also those with severe CH), and the norm population. Psychomotor developmental index 

scoress were, however, still lower in the 2002-04 cohort than in controls, despite a significant 

advancementt of treatment initiation as compared to the other cohorts, which suggests that 

motorr outcome is predominantly determined by prenatal factors and wil l presumably not 

benefitt from advancing treatment even further. 

Inn the 1992-93 and the 2002-04 cohorts also a small number of patients with central CH was 

tested.. The 5 patients with central CH (all as part of multiple pituitary hormone deficiencies 

[MPHD])) in the 1992-93 cohort, whose mean initial FT4 concentration was 7.7 pmol/1 and 

inn whom T4-supplementation was initiated at a mean age of 34 days after birth had a Full 

Scalee IQ score of 99.0, their total motor impairment score (14.5) was substantially higher 

(i.e.. worse) than the mean of the normative population (5.0). In the 2002-04 cohort the 9 

patientss with central CH as part of MPHD (mean initial FT4 concentration 10.3 pmol/1, 

meann age at start of T4 supplementation 23.1 days) had a mental developmental index score 

off  91.8 and a psychomotor developmental index score of 85.9; these scores were 101.4 and 

97.3,, respectively in 10 patients with central CH born to mothers with Graves' disease (mean 

initiall  FT4 concentration 7.6 pmol/1, mean age at start of T4 supplementation 10.8 days). 

Inn Chapter 6 bone mineral density (BMD) of CH patients is described. As shown previously, 

normalizationn of plasma TSH in T4-supplemented patients with thyroidal CH requires 

elevatedd plasma FT4-concentrations as compared to patients with acquired thyroidal 
hypothyroidism. . 

Thyroidd hormone is involved in the process of bone remodelling and has an important role 

inn the development and maintenance of bone mass. Thyroid hormone excess results in a 

shortenedd remodelling cycle leading to an imbalance between bone resorption and formation. 

Inn hyperthyroid subjects as well as in patients with thyroid cancer who receive suppressive 

T44 doses, decreased BMD has been shown. 

Too investigate the effect of longstanding upwards shifted FT4 concentrations, as compared to 

thee reference range, we investigated bone mineral density (BMD) in 14 adult female patients 

withh thyroidal CH and compared this to 9 age-matched female controls. 

Theree were no significant differences between patients and controls for femoral neck bone 

minerall  content, BMD (0.98 vs. 1.01 g/cm2), T-score (0.1 vs. 0.3 SD) and Z-score (0.1 vs. 

0.33 SD) and for spine bone mineral content. The differences in spine BMD (0.97 vs. 1.09 g/ 

cm2),, T-score (-0.7 vs. 0.4 SD) and Z-score (-0.5 vs. 0.6 SD) were significant. Despite a lower 

spinee BMD in patients with CH as compared to the control group, all scores were within 

thee reference range. These findings do not support the hypothesis that the upwards shifted 

plasmaa FT4 concentrations in patients treated for CH have a deleterious effect on BMD. 



Chapterr 7 describes phenotypic abnormalities in children with CH. Many studies have 

reportedd on the increased incidence of congenital anomalies in patients with CH. Besides in 

patientss with CH harboring mutations in one of the genes known to be involved in thyroid 

developmentt (TITF1, FOXE1, PAX8, NKX2.5, and possibly GLIS3), specific extrathyroidal 

abnormalitiess have been observed. 

Too gain insight in the types and patterns of morphological characteristics in patients with 

specificc types of thyroidal CH a careful physical examination of the body surface directed 

too phenotypic abnormalities was performed in 232 patients with thyroidal CH (with either 

thyroidd agenesis, dysgenesis or with normal located thyroid gland). Their data were compared 

too a control group of 1,007 children. 

Wee found that in the total CH cohort and in patients with CH due to thyroid dysgenesis 

thee percentage of patients with 1 or more abnormality was significantly higher than in the 

controll  population (32.9%, 36.9% and 21.7%, respectively, p<0.001). Especially in CH patients 

withh a dystopic thyroid specific major malformations i.e. bilateral ear pits, oligodontia and 

turricephalyy were found significantly more frequent. In the total CH group the percentage 

off  patients with 1 or more minor anomalies (95.7 %) was significantly higher than in the 

controll  group (82.5%). A number of individual as well as combinations of minor anomalies 

andd common variants occurred significantly more frequent in the CH subgroups. 

Thee careful grouping of patients according to their phenotype and the types and patterns in 

morphologicall  findings, may be helpful in subsequent molecular studies in search for new 

geness involved in thyroid development. 

Inn Chapter 8 a conclusive overview is given. The implications of the results and conclusions 

off  the chapters 2 to 7 for clinical and screening practice are outlined and put in perspective 

off  eventual future research possibilities. 


