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ABSTRACT T 
Objective: : 

Methods: : 

Results: : 

Conclusion: : 

Antenatall  TRH administered to pregnant women in imminent preterm 

delivery,, in order to reduce the incidence of RDS, crosses the placenta 

andd stimulates the fetal thyroid gland causing fetal hyperthyroidism 

andd subsequently (aggravated) transient hypothyroxinemia, which may 

havee possible consequences for neurodevelopmental outcome. We 

presentt the effects of antenatal TRH administration on neurodevelop-

mentall  outcome until two years of age. 

Neurodevelopmentall  outcome was studied in infants whose mothers 

weree admitted in the AMC and enrolled in the European Antenatal TRH 

trial.. Mothers were treated for imminent preterm delivery (before 30 

weeks)) with corticosteroids plus either placebo (placebo-group) or TRH 

(TRH-group).. TRH treatment consisted of 400 mg every 8 hours up to 

fourr doses. Assessments included neurological development at 12 

months,, and psychomotor development at 12 and 24 months using the 

Bayleyy developmental scales. 

Sixty-twoo infants were included of which 10 died. Of the surviving 

infants,, 24 received TRH and 28 placebo. Ten infants were lost to 

followw up. Each group consisted of 21 infants. Both groups were 

comparablee regarding gestation age, birth weight and time-interval 

betweenn trial medication and birth. However, in the TRH group more 

respiratoryy problems, ventilator days and chronic lung disease were 

found.. Neurological and motor outcome did not differ between the 

groups,, but lower mental developmental index scores were found in 

thee TRH group at both ages. 

Antenatall  TRH treatment is associated with delay in mental development. 

Thiss study demonstrates the importance of long-term follow-up of 

perinatall  intervention trials with possible consequences for 

neurodevelopmentall  outcome of the infant. 
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INTRODUCTION N 

Fromm 1989 to 1997 ten clinical trials were conducted to study if combined treatment 

off  antenatal thyrotropin-releasing-hormone (TRH) and glucocorticoids in imminent 

pretermm delivery would prevent respiratory disorders and decrease the risk of neonatal 

deathh in preterm babies.'10 Although short-term clinical effects were the principle outcome 

measure,, indirect positive effects of the combined treatment on neurodevelopmental 

outcomee might also occur since infants with respiratory distress syndrome (RDS) and 

bronchopulmonaryy disease (BPD) have a higher risk on developmental problems." '2 On 

thee other hand, TRH crosses the placenta readily and stimulates the fetal pituitary gland to 

producee thyroid hormones thereby causing intra-uterine hyperthyroidism and subsequently 

cann aggravate transient hypothyroxinemia in premature born babies.13'4 Thyroid hormones 

aree essential for normal development of the central nervous system.15 Imbalances in 

thyroidd hormone supply during rapid brain growth could have consequences for the 

developmentall  outcome of the infants; hyperthyroidism as well as hypothyroidism has 

beenn associated with developmental problems.1617 Thus, antenatal TRH treatment might 

affectt neurodevelopmental outcome in a positive as well as in a negative way. 

Meanwhile,, a systematic review has been published concluding that there is no evidence 

thatt neonatal death significantly decreased or that respiratory disorders are prevented by 

antenatall  TRH treatment.18 Until now, only one study (using a low dosage scheme of 4 

timess 200 mg in 1367 infants) reported on developmental outcome using a parental 

questionnairee at 12 months of age.19 They found an association between antenatal TRH 

andd a delay in major milestone achievements at one year of age. The credibility of this 

follow-upp study has been questioned because the authors did not use a validated 

questionnaire.200 We participated in the European TRH trial.9 Developmental outcome of 

infantss who were enrolled in our hospital was evaluated using standardized assessment 

methods. . 

PATIENTSS AND METHODS 
Participants Participants 

Thee European TRH trial consisted of two concurrent, multicentre, double blind, 

randomized,, placebo-controlled trials with a common core dataset (the Dutch Thyroneth 

trial,, coordinated in Amsterdam and the Antenatal TRH trial coordinated in Oxford). 

Becausee of imminent preterm delivery (<30 weeks) pregnant women received up to 4 

dosess of 400 mg TRH or placebo (2 mL of normal saline) every 8 hours over a 24-hour 

period.. All women received also at least one dose of antenatal corticosteroids. Details of 
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thiss trial have been published elsewhere.9 

Fifty-threee of the 62 infants, who were enrolled in the Academic Medical Center in 

Amsterdamm (one of the participating centers) between March 1996 and July 1997, were 

dischargedd home. In the placebo group 2 infants died antepartum, 1 infant intrapartum, 

andd 4 infants died in the neonatal period. In the TRH group 2 infants died in the neonatal 

periodd and 1 infant died after discharge home. At the age of 1 year, 52 infants were 

availablee for follow-up: 24 surviving infants were exposed to TRH, 28 to placebo. 

Thiss follow-up study was approved by the Committee of Medical Ethics of the Academic 

Medicall  Center in Amsterdam. 

NeurodevelopmentalNeurodevelopmental assessment 
Att the corrected age of 12 months a neurological examination was done according to 

thee method of Touwen21 by a pediatrician (LvS). Neurological outcome was classified as 

normal,, suspect or abnormal. Abnormality was defined as severe abnormality of tone, 

posturee and movement leading to functional impairment or delay in motor development. 

AA suspect outcome was defined as moderate functional impairment or developmental delay. 

Att 12 and 24 months (corrected ages), mental and motor outcome were assessed by a 

developmentall  psychologist (JMB) using the Dutch version of the Bayley Scales of Infant 

Development.""  Mental Developmental Indexes (MDI) and Psychomotor Developmental 

Indexess (PDI) were determined in relation to Dutch norms (mean score of 100, standard 

deviationn of 16). 

Bothh examiners were not involved in the original study and the mothers were not 

informedd about the nature of the trial medication (placebo or TRH). 

Statistics Statistics 
Univariatee analyses were carried out to study differences in baseline characteristics, 

clinicall  data and neurodevelopmental outcome between the two study groups. Categorical 

dataa were analyzed with the chi-square test for 2x2 tables. Continuous data were analyzed 

usingg Students' t-test. Multivariate analyses were done to study the effect of antenatal 

TRHH administration on neurodevelopmental outcome. Predefined confounding variables 

att randomization were included in the model: trial assignment, gestational age at entry 

inn trial, sex of the baby, educational level of the mother, ethnic background, number of 

dosess TRH (<2 versus >3), time interval between first dose and delivery. Posthoc analyses 

weree carried out to study whether clinical characteristics after TRH administration affected 

outcome.. Multivariate analyses included clinical characteristics (such as gestation age at 

delivery,, birth weight ratio, surfactant and postnatal steroids), background characteristics 
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(suchh as sex of the baby, ethnic background and educational level of the mother), variables 

att randomization (number of doses TRH [<2 versus >3] and time interval between first 

dosee and delivery) and trial assignment. 

Statisticss were done using SPSS (version 9.0), p-value <.05 was considered significant. 

TABLEE 1: number of children after discharge home and eligible for follow-up 

TRHH group n=25 Placebo group n=28 

Deathh after discharge home 
Trisomiee 21 
Nott traceable 
Noo consent obtained 
Availablee for follow-up 2 2 

0 0 
0 0 
3 3 
4 4 

21 1 

RESULTS S 

Fifty-twoo surviving infants were eligible for follow-up (see table 1). In the TRH group 3 

infantss (one of them was diagnosed with Down syndrome) and in the placebo group 7 

infantss were lost to follow-up. No differences were found between the children who 

participatedd in the follow-up study and the children who were lost to follow-up with respect 

too background variables, randomization variables or clinical characteristics (data not 

shown).. In each study group 21 infants (TRH: 21/24, 88%; Placebo 21/28, 75%) were 

examinedd at least once. At the age of 1 year, neurologic examination was done in 20 TRH-

treatedd infants and 19 placebo children. Mental and motor outcome were studied in 16 

TRH-treatedd infants at one and two years, in 3 infants only at the age of one year and in 2 

infantss only at the age of two years. In the placebo group, mental and motor outcome were 

examinedd in 19 infants at both ages and in two infants only at the age of two years. 

Tablee 2 presents background and clinical characteristics of the infants in the TRH and 

placeboo group. There were no differences between the 2 groups regarding gestation age, 

birthh weight or time-interval of trial medication to birth. Also no differences in ethnic 

background,, sex of the baby and maternal education were found. However, more 

ventilatorr days (p=.Q41) and more chronic lung disease (p=.002) were found in the TRH 

groupp than in the placebo group. 

Univariatee as well as multivariate analyses were carried out to study the effect of TRH 

administrationn on neurodevelopmental outcome (see table 3). Neurological outcome did 

nott differ between the two groups, although 3 infants in the TRH group versus 0 infants 

inn the placebo group were diagnosed as neurologically abnormal. At the corrected ageof 
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TABLEE 2: Characteristics of the children in foil 

Maternall  age at delivery (years) 
Educationall  level of mother: 

Low w 
Middle e 
High h 

Caucasiann background 
Sexx (male) 
Gestationall  age (days) 
Gestationall  age <28 weeks 
Gestationall  age >37 weeks 
Birthh weight (grams) 
Birthh weight <1500 gram 
Birthh weight ratio 
Noo of doses TRH or Placebo: 

0 0 
1 1 
2 2 
3 3 
4 4 

1stt dose to delivery time: 
< 2 4h h 
244 h-IOd 
>10d d 
Nott applicable* 

Modee of delivery: 
Spontaneouss vaginal 
Instrumental l 
Caesareann section 

Apgarr score at 5 minutes 
Surfactant t 
Dayss on ventilator 
Postnatall  corticosteroids 
Oxygenn at 28 days 
Oxygenn at 36 weeks pma t 
Majorr cerebral abnormalities 

oww up until the 

TRHH group N=21 

31 1 

5 5 
13 3 
3 3 

14 4 
10 0 

212 2 
8 8 
4 4 

1509 9 
16 6 
.99 9 

1 1 
4 4 
1 1 
0 0 

15 5 

5 5 
10 0 
5 5 
1 1 

15 5 
2 2 
4 4 

8.2 2 
8 8 

8.1 1 
7 7 
8 8 
7 7 
2 2 

8 8 

(24%) ) 
(62%) ) 
(14%) ) 
(67%) ) 
(48%) ) 

4 4 
(38%) ) 
(19%) ) 

0 0 
(76%) ) 

 .22 

(5%) ) 
(19%) ) 
(5%) ) 
(07c) ) 
(71%) ) 

(24%) ) 
(48%) ) 
(24%) ) 
(5%) ) 

(71%) ) 
(10%) ) 
(19%) ) 

0 0 
(38%) ) 

2 2 
(33%) ) 
(38%) ) 
(33%) ) 
(10%) ) 

agee of two 

Placebo o 

30 0 

8 8 
9 9 
4 4 

15 5 
9 9 

212 2 
7 7 
2 2 

1445 5 
14 4 

.95 5 

0 0 
0 0 
3 3 
0 0 

18 8 

3 3 
9 9 
9 9 
0 0 

10 0 
4 4 
7 7 

9.0 0 
3 3 

6.9 9 
4 4 
4 4 
0 0 
0 0 

years s 

groupp N=21 

7 7 

(38%) ) 
(43%) ) 
(19%) ) 
(71%) ) 
(43%) ) 

7 7 
(33%) ) 
(10%) ) 

2 2 
(66%) ) 

 .22 

(0%) ) 
(0%) ) 
(14%) ) 
(0%) ) 
(86%) ) 

(14%) ) 
(43%) ) 
(43%) ) 
(0%) ) 

(48%) ) 
(19%) ) 
(33%) ) 

 1.3 
(14%) ) 

44 + 
(19%) ) 
(19%) ) 
(0%)) § 
(0%) ) 

Dataa are presented as n (%) or as mean  standard deviation 
**  1 child was randomized in the TRH group but was not given TRH 
tt need of oxygen at 36 weeks' postmenstrual age. Analyses were done on children born at less than 36 weeks 

gestationn age 
tt p<.05, S p<.01 

122 months, the TRH group scored 14 points less on the Mental Scale of the Bayley than 

thee placebo group (adjusted p=.03). Four infants in the TRH group obtained a score 

beloww one standard deviation of the norm versus none in the placebo group (p=.03). 
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Afterr correction for confounding variables, this difference was no longer significant. 

Meann PDI was also lower in the TRH infants, but the 10-point difference was not 

statisticallyy significant (/?=.08). 

Alsoo at the corrected age of two years, mean MDI was again significantly lower in the 

TRHH group (adjustedp=.0l). The difference in mean PDI diminished to 5 points, but was 

stilll  against the TRH infants. 

TABLEE 3: Neurodevelopmental outcome at 1 and 2 years of age 

Assessmentt at 12 months 
Neurologicall  outcome 

Mil dd abnormal 
Abnormal l 

Bayleyy Scales 
MDIMDI  * (mean  sd) 
MDIMDI  <84 
MDIMDI  <68 
PDII  t (mean  sd) 
PDII  <84 
PDII  <68 
Assessmentt at 24 months 
MDII  (mean  sd) 
MDII  <84 
MDII  <68 
PDII  (mean  sd) 
PDII  <84 
PDII  <68 

TRHH group N=21 

N N 
2 2 
3 3 

105.6 6 
4 4 
1 1 

101.1 1 
3 3 
2 2 

90.8 8 
7 7 
4 4 

94.1 1 
3 3 
1 1 

N= = 

N= = 

== 20 
(10%) ) 
(15%) ) 

19 9 
2 2 

(21%) ) 
(5%) ) 

0 0 
(16%) ) 
(11%) ) 

18 8 
9 9 

(39%) ) 
(22%) ) 

3 3 
(17%) ) 
(6%) ) 

Placebo o 

N N 
1 1 
0 0 

119.8 8 
0 0 
0 0 

111.6 6 
1 1 
0 0 

106.5 5 
3 3 
1 1 

99.1 1 
3 3 
0 0 

groupp N=21 

=19 9 
(5%) ) 
(0%) ) 

N=19 9 
 12.4 t § 

(0%)) t 
(0%) ) 

 15.0 
(5%) ) 
(0%) ) 

N=21 1 
 20.3 t § 

(14%) ) 
(5%) ) 

 11.9 
(14%) ) 
(0%) ) 

Dataa are presented as n (%) or as mean  standard deviation 
**  MDI: Mental Developmental Index 
tt PDI: Psychomotor Developmental Index 
$$ univariate analyses p-value <.05; § multivariate analyses p-value <.05 

Effectt of clinical characteristics after TRH administration on neurodevelopmental 

outcome e 

Moree respiratory problems were found in the TRH group than in the placebo group. 

Thesee are known to be associated with developmental outcome. Therefore, posthoc analyses 

weree carried out to study whether clinical characteristics after TRH administration affected 

outcomee at two years of age. These analyses showed that male sex (adjusted p=.05), TRH 

administrationn (adjusted p=.04) and low maternal education (adjusted p=.007) were 

associatedd with lower MDI scores. 
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DISCUSSION N 

Thiss follow-up study shows that antenatal TRH administration in addition to corti-

costeroidss to pregnant women who were at risk for preterm delivery is associated with a 

delayy in mental development of their children at the (corrected) ages of 1 and 2 years. 

Al ll  infants in the follow-up study were enrolled in the Academic Medical Center in 

Amsterdam,, one of the participating centers of the European antenatal TRH trial. This 

triall  was stopped prematurely in 1997." At that time, 225 women were recruited and 275 

babiess were delivered. Selection bias could have occurred in studying the developmental 

outcomee of children in only one of the participating centers while recruitment was stopped 

beforee due date. The risk of finding results by chance is increased because of this. 

However,, block randomization in each participating center was applied to ensure 

comparabilityy between women allocated to the two treatment groups. Nevertheless, the 

findingg that respiratory problems were found more often in infants who received antenatal 

TRHH to prevent respiratory distress problems still might be caused by chance. Results 

fromm the original group did not show an increased risk of respiratory problems in TRH 

infants.1'' The present finding can also not readily be explained by a skewed distribution 

off  the proportions of infants born in each time window of the treatment. The optimal 

time-windoww is >24 hours to <1<) days after the first treatment dose. Forty-eight percent 

off  the TRH infants and 439c percent of the placebo infants were born in the optimal time-

window.. However, the finding of more ventilation days in the TRH group is in accordance 

withh results from the Cochrane meta-analyses'*  that showed the need of ventilation to be 

increasedd in infants who were exposed to antenatal TRH. In infants who were born more 

thann 10 days after trial entry, the need of oxygen therapy or death at 28 days and RDS 

weree even more common in infants exposed to antenatal TRH than in infants who received 

placebo.. In our follow-up group, only 24% of the infants in the TRH group versus 43r/r 

inn the placebo group were born more than 10 days after trial entry. 

Respiratoryy problems are known to be associated with poor developmental outcome" |: 

andd could thus also explain the difference found in MDI besides TRH treatment. In 

analyzingg the effect of TRH on outcome it is not allowed to correct for phenomena that 

occurredd after randomization because they could be the result of the intervention. 

Therefore,, we investigated the effect of clinical characteristics after TRH administration 

onn outcome. Our findings show that respiratory problems were not associated with a 

delayy in mental development at two years of age, but male sex, low maternal education 

andd TRH administration were. Male sex and low maternal education are known risk factors 

forr developmental problems.23 24 The adverse effect of TRH could be the result of a 
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temporaryy disturbance in the fetal and neonatal thyroid hormone levels during a crucial 

periodd of brain development. Unfortunately, neonatal thyroid hormone levels of the infants 

weree not collected in the European Antenatal TRH trial. TRH crosses the placenta readily 

andd evokes secretion of fetal thyrotropin (TSH), triiodothyronine (T3) and thyroxine 

(T4)) as was found in cord blood of infants born shortly after TRH administration.1314 

Highh levels are subsequently followed by suppressed levels as a result of the negative 

feedbackk system in infants who received more than one dose '\ and suppressed levels of 

T44 but not of T3 were found after a single dose14. Although T3 is the biologically active 

hormone,, brain cells are dependent on T4 for intracellular use. Transient hypothyroxinemia 

hass been described in prematurely born infants and is associated with developmental 

problems.16255 Adverse effects after TRH administration have also been found in the only 

otherr follow up study19 that even used a lower treatment dose. 

Itt is not likely that antenatal TRH treatment wil l be used anymore in clinical practice 

becausee from the meta-analysis18 it is concluded that antenatal TRH to women at risk of 

veryy preterm birth can not be recommended. However, in the past TRH was already used 

inn clinical practice.26 Results of the present study emphasize the importance not only of 

randomizedd controlled trials but also of long-term follow up of clinical intervention 

trialss in the perinatal period with a possible interference of neurodevelopment of the 

newbornn baby. 
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