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Abstract 

Background 

Transient hypothyroxinemia is common in preterm infants and has been associated 

with neurodevelopmental dysfunction and slow nerve conduction velocity. It is still 

unknown whether L-thyroxine supplementation is required. During a L-thyroxine 

supplementation trial motor nerve conduction velocity (MNCV) was measured in 

order to answer the question whether L-thyroxine supplementation improves MNCV 

Methods 
200 Infants of < 30 weeks' gestational age were enrolled in a randomized, double-

blind, placebo controlled L-thyroxine supplementation trial. L-thyroxine (8 ug/kg 

birthweight/d) or a placebo was administered during the first six weeks of life. MNCV 

was measured in the ulnar and posterior tibial nerve shortly after birth, at two weeks, 

at 40 and at 66 weeks postmenstrual age (PMA). 

Results 

At two weeks, the ulnar MNCV had improved in the L-thyroxine group compared 

to the placebo group, though the difference was not statistically significant 

(difference between means: 0.8 m/s; 95% CI: -0.13 to 1.80; p=0.06). Later on, no 

effect of L-thyroxine supplementation on MNCV was found. 

Conclusion 

This study shows that L-thyroxine supplementation in infants of < 30 weeks' 

gestational age during the first six weeks of life does not clearly improve MNCV 

Key words: action potentials, electroneurography, hypothyroidism, hypothyroxinemia, 

neural conduction, motor nerve conduction velocity, preterm infant, thyroxine 
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Introduction 

Transient hypothyroxinemia is common in preterm infants and has been associated 

with an increased risk of neurodeve lopmenta l dys func t ion . 1 2 3 Transient 

hypothyroxinemia may be caused by immaturity of the hypothalamo-pituitary-thyroid 

axis, interruption of maternal-fetal transfer of thyroid hormones, sick euthyroid 

syndrome or a combination of these factors.47 Despite the fact that TBG levels are 

low in preterm infants, T4 levels also reflect low FT4 levels.7 Owing to low hepatic 

type I deiodinase activity, conversion from T4 to T3 is decreased.5 Thyroid hormones 

are essential for the development of the brain and the peripheral nervous system.8 It 

is still unknown whether the relation between transient hypothyroxinemia and 

neurodeve lopmenta l dysfunction is causal and thus whe the r L-thyroxine 

supplementation is required.911 In preterm infants an association between low serum 

thyroxine concentrations and a delay in neural maturation has been reported.12 This 

delay could be a sign of a shortage of thyroid hormones in the peripheral nerve cells. 

In patients with congenital hypothyroidism, slow nerve conduction velocity has also 

been described before treatment was installed.1314 

We carried out a randomized, double-blind, placebo controlled trial of L-thyroxine 

supplementation in 200 infants of < 30 weeks' gestational age. The aim was to find 

out if neurodevelopmental outcome at the age of two years was improved.6 In these 

patients serial MNCVs were measured. This paper describes the effect of L-thyroxine 

supplementation on MNCV. The association between plasma FT4 and MNCV at two 

weeks of age was also studied. 

Patients and Methods 

Eligibility and randomization of infants 
Between January 1991 and July 1993,200 infants were enrolled. The study was approved 

by the Research and Ethics Committee of the Academic Medical Center in Amsterdam. 

Inclusion criteria were gestational age between 25 and 30 weeks and admission to our 

neonatal intensive care unit within the first 24 hours after birth. Exclusion criteria 

were severe congenital malformations, maternal endocrine disease and maternal illicit 

drug dependency. After informed consent of at least one parent, the infants were 

randomly and blindly assigned to receive either L-thyroxine or a placebo. 
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Administration ofL-thyroxine or a placebo 
For each infant a numbered 'blind' set of 50 ampuls containing 25 ng/ml L-thyroxine 

or a placebo was prepared. Trial medication started 12-24 hours after birth in a fixed 

dose of 8 n-g per kilogram birthweight once daily during the first six weeks of life. In 

a preliminary study, we found that with this dose a physiologic replacement therapy 

is achieved.15 Trial medication was given by intravenous injection as long as intravenous 

nutrition was given and orally thereafter. 

Assay 
Bloodsamples were taken weekly. FT4 measurement on day 14 was used for statistical 

analysis in this study. FT4 was measured by a 2-step RIA assay (SPAC-FT4 Fraktion 

(Byk-Sangtec Diagnostica, Dietzenbach, Germany); detection limit: 1.0 pmol/1; 

intra-assay variation: 2.8%; interassay variation: 5.7%). Trial assignment and results 

of hormone measurement remained blinded for all investigators, medical and 

nursing staff and parents until full completion of two years' follow-up. 

Measurement of motor nerve conduction velocity 
In each patient MNCVs were measured shortly after birth (0-3 days), at two weeks 

(14-17 days), at 40 weeks PMA (37-43 weeks), and at 66 weeks PMA (63-69 weeks). 

MNCV was measured in the ulnar and posterior tibial nerve as described by 

Moosa and Dubowitz1617 using a mobile MNCV measuring machine (Neuropack 

Four Mini, model MEB-5304K - Nihon Kohden, Tokyo, Japan). The ulnar 

nerve was stimulated at the elbow and wrist and the CMAP was recorded with 

skin electrodes from the hypothenar muscles. The posterior tibial nerve was 

stimulated in the popliteal fossa and behind the medial malleolus. The CMAP 

was recorded from the flexor hallucis brevis muscle. The stimulus consisted of 

square wave impulses of 0.1 ms durat ion. Supramaximal s t imulat ion was 

ensured by increasing the intensity of the stimulus until no further increase in 

amplitude of the CMAP occurred. Two proximal and two distal CMAPs were 

recorded and the latency calculated from the stimulus artefact to the first well-

defined negative peak of the CMAP The distance between proximal and distal 

stimulation sites, i.e., the intercathode distance, was divided by the difference 

in peak latencies of the CMAPs elicited by stimulation at these sites to calculate 

the conduction velocity in meters per second. The intercathodal distance was 

measured with a sliding metal calliper, the limb being held in the same position as 

during stimulation. During measurement skin temperature was guaranteed to be 
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above 36°C either by an incubator in which the infant was nursed or otherwise by 

means of a radiant heater. All CMAPs were stored on diskette and later reassessed 

and classified for quality (good, moderate, poor, bad), according to a fixed set of 

criteria including recognizability, amplitude and reproducibility. CMAPs classed 

as poor or bad were excluded from statistical analysis. 

Statistical analysis 
Categorical data were analysed using the Chi-square test for two and multiway 

tables (BMDP 4F). Continuous data were analysed using the Student's t-test 

(BMDP 3D). Linear regression analysis (BMDP 1R) was used to study the effect 

of L-thyroxine supplementation on MNCV of the ulnar and posterior tibial nerve. 

Possible confounding factors included were PMA, sex, weight class for gestational 

age,18 mother 's ethnic origin and use of antenatal steroids. In order to correct for 

non-linearity, PMA-square was added to the model as an independent variable. 

Interaction analysis was done on each confounding factor with L-thyroxine 

supplementation. The distribution of residuals was checked for skewness. In order 

to describe the association between plasma FT4 levels and ulnar MNCV two weeks 

after birth, linear regression analysis was used in addition to a bivariate scatter 

plot (BMDP 6D). Ap of less than 0.05 was considered statistically significant. 

Results 

Patient population 

One hundred infants were enrolled for both the L-thyroxine and placebo group. A 

total of seven infants were withdrawn from the study because of severe congenital 

malformations diagnosed after study entry (n = 4) and parental discomfort with the 

study (n=3).6 The data collected from these patients were not excluded from the 

statistical analysis. On the four consecutive measurements of MNCV (0-3 days, 

14-17 days after birth, 37-43 weeks and 63-69 weeks PMA) the initial study group of 

200 infants was reduced by mortalities (n=13, 29, 33 and 35, respectively), poor 

clinical condition (n=19, 14, 4 and 2, respectively) or for practical reasons (n = 5, 

14, 36 and 57, respectively). The main practical reason at 37-43 weeks and 63-69 

weeks PMA was parental discomfort with the time-consuming aspects of measuring 

MNCV At the first MNCV measurement (0-3 days after birth), the L-thyroxine 



88 Chapter 7 

Table I. Baseline characteristics at first MNCV measurement 0-3 days after birth 

L-thyroxine group Placebo group 
(n=80) (n=83) 

sex (<ƒ) 
gestational age (days) 
birthweight (g) 
SGA(<P |0) 
maternal ethnic origin: 

Caucasian 
antenatal steroids 

45 38 
196 ± 8 195 ± 9 

1081 ± 224 1086 ± 239 
12 1 1 

63 65 
56 56 

Values either number or mean ± SD 

group and placebo group were comparable with respect to baseline characteristics 
(table 1). This held for all four MNCV measurements. 

Motor nerve conduction velocity 

For analysis only CMAPs of a good or moderate quality were used. Causes for poor or bad 

quality included unstable clinical condition and local factors as edema, especially in the 

neonatal period. Data reduction was 44 % (n=71) at 0-3 days after birth, 24 % (n=34) 

after two weeks, and 12 % (n=15) and 3 % (n=4) at 40 and 66 weeks PMA, respectively. 

After this data reduction, the numbers of ulnar and posterior tibial CMAPs and 

the baseline characteristics of corresponding patients remained comparable in 

the L-thyroxine group and placebo group at every stage of the investigation. 

MNCV values in relation to L-thyroxine supplementation 

Shortly after birth (0-3 days; 25-30 weeks PMA), ulnar MNCV was comparable in the 

L-thyroxine and placebo group (13.6 ± 2.9 m/s versus 13.3 ± 2.6 m/s). Posterior tibial 

MNCV was also comparable at that time (11.2 ± 1.9 m/s versus 11.4 ± 1.7 m/s). At two 

weeks of age (14-17 days; 27-32 weeks PMA), ulnar MNCV in the L-thyroxine group was 

found to be enhanced (15.3 ± 2.7 m/s) in comparison with the placebo group (14.5 ± 2.4 

m/s). This difference was, however, not statistically significant (difference between means: 

0.8 m/s; 95% CI: -0.13 to 1.80). No such difference was found in the posterior tibial 

MNCV at the same age (12.9 ± 1.6 m/s versus 13.1 ± 2.0 m/s). At 37-43 weeks and 

63-69 weeks PMA, ulnar MNCV values were similar in both groups (27.8 ± 4.8 m/s 

versus 27.9 ± 4.0 m/s and 44.1 ± 4.9 m/s versus 44.3 ± 5.0 m/s, respectively). At these 

ages, the posterior tibial MNCV values were also similar in both groups (23.4 ± 2.8 m/ 

s versus 23.2 ± 2.6 m/s and 37.4 ± 3.6 m/s versus 37.6 ± 2.3 m/s, respectively). 
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25 26 27 28 29 

PMA (weeks) 

29 30 31 

PMA (weeks) 

37 38 39 40 41 

PMA (weeks) 

43 65 66 67 

PMA (weeks) 

Fig. I . Relation between motor nerve conduction velocity (MNCV) in the ulnar nerve and 
postmenstrual age (PMA) measured at four points in time, i.e., 0-3 days after birth (a), 14-17 days 
after birth (b), term age (c) and 6 months (corrected) age (d) (*—L-thyroxine group, ° —- placebo 
group) 

MNCV values in relation to L-thyroxine supplementation and PMA 
Figures 1 and 2 show ulnar and posterior tibial MNCV values in relation to PMA at 
time of measurement in both the L-thyroxine and placebo group. MNCV values 
increased with the increment of PMA. Overall, no clear effect of L-thyroxine 
supplementation was found (Figs. 1 and 2). 
Only at two weeks of age (14-17 days), linear regression analysis showed enhanced 
ulnar MNCV in the L-thyroxine group compared to the placebo group, though the 
difference was not statistically significant (p = 0.07, corrected for PMA and PMA-
square). 
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Figs. 2. Relation between motor nerve conduction velocity (MNCV) in the posterior tibial nerve and 
postmenstrual age (PMA) measured at four points in time, i.e., 0-3 days after birth (a), 14-17 days 
after birth (b), term age (c), and 6 months (corrected) age (d) (* — L-thyroxine group, ° — placebo 
group) 

MNCV values in relation to L-thyroxine supplementation, PMA, and the other 
confounding factors 
After correcting for the other confounding factors, linear regression analysis gave no 

additional support for an effect of L-thyroxine supplementation on either ulnar or 

posterior tibial MNCV (p values: 0.72 to 0.98). Again, enhanced ulnar MNCV was 

found in the L-thyroxine group at two weeks of age, which was not statistically 

significant (p = 0.06). No significant interactions were found between confounding 

factors and L-thyroxine supplementation. 
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Table 2. Plasma T4> TBG, FT,and T3 levels in the MNCV study group two weeks after birth' 

L-thyroxine group 
(n = 56) 

Placebo group 
(n=53) 

p value 

T4 (nmol/1) 
TBG (nmol/l) 
FT^pmol/l) 
T3 (nmol/l) 

122.1 ±26 .7 (n=52 ) 
406 ± 75 (n=45) 
20.9 ± 3 . 9 (n=52) 
0.90 ±0 .31 (n=37) 

84.4 ± 34.5 (n=52) < 0.0001 
402 ± 98 (n=47) 0.8 
I 4 . 0 ± 3 . 9 ( n = 5 l ) < 0.0001 
1.09 ±0 .51 (n=42) < 0.05 

Values are means ± SD; 
* Plasma hormone values were available in 104, 92, 103 and 79 patients, respectively 

Association between thyroid hormones and ulnar MNCV two weeks after birth 
Thyroid hormone levels in the MNCV study group two weeks after birth are 
summarized in table 2. During L-thyroxine supplementation, plasma T4 and FT4 

values increased significantly. In contrast, plasma T3 decreased significantly at that 
time. Figure 3 shows the association between plasma FT, levels and ulnar MNCV in 
the L-thyroxine group and placebo group at two weeks after birth. In the placebo 
group a significant correlation was found between plasma FT, levels and ulnar MNCV 
(n=51; r=0.444; p = 0.001), while in the L-thyroxine group this correlation was not 
detected (n = 52; r=0.192; p =0.172). Linear regression analysis indicated that these 
correlations were not significantly different. 

Fig. 3. Association between motor nerve conduction 
velocity (MNCV) in the ulnar nerve and plasma free 
thyroxine level (FT4) after two weeks of trial medication 
(L-thyroxine or placebo). The mean postmenstrual age 
(PMA) in both L-thyroxine and placebo group was 30 
4/7 weeks (* — L-thyroxine group, ° — placebo 
group) 

FT4 (pmol/l) 
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Discussion 

This study demonstrates that daily L-thyroxine supplementation in infants of < 30 

weeks' gestational age during the first six weeks of life, does not clearly improve 

MNCV Only at two weeks of age enhanced ulnar MNCV was found in the L-thyroxine 

group compared to the placebo group. However, the difference between the two 

groups did not prove to be statistically significant. 

We considered the effect of methodological errors or selection bias. Measuring MNCV 

in very preterm infants has its limitations owing to unstable clinical condition and 

adverse circumstances. Therefore, only CMAPs with good or moderate recognizability, 

amplitude and reproducibility were used for analysis, despite the fact that this led to 

considerable data reduction. However, this reduction was comparable in both groups. 

Until now, MNCV studies were done in small groups of preterm infants.1216171921 

This study is the first of its kind to measure ulnar and posterior tibial MNCVs in a 

large group of very preterm infants. MNCV values at term and at 6 months of 

(corrected) age were in agreement with those given in the literature.161921 

Our ulnar MNCV findings in the placebo group at two weeks of age, suggest a transient 

hypothyroidism at the level of the peripheral nerve cells. It corresponds with the 

nadir of plasma FT4, found between 7-10 days after birth in very preterm infants.1522 

23 Peripheral nerve cells, which are probably dependent on plasma T for their 

intracellular T3 supply, may be unable to ensure adequate intracellular T3 levels during 

hypothyroxinemia. In that case, protective mechanisms like elevation of type II 

deiodinase activity and increased binding capacity of T3 receptors, prove insufficient.24 

25 If, however, peripheral nerve cells are dependent on plasma T3 levels, a delay in 

MNCV at two weeks of age as a result of lower plasma T3 in the L-thyroxine group 

would have been expected, which is in contrast to our findings. 

The posterior tibial MNCV at two weeks did not differ between the L-thyroxine and 

placebo group in contrast to the ulnar MNCV findings at that age. The maturation of 

the posterior tibial nerve lags behind that of the ulnar nerve.1719 Moreover, measuring 

posterior tibial MNCV is known to be less accurate than ulnar MNCV1719 

This study did not show any long term effect of L-thyroxine supplementation on MNCV 

up to 6 months (corrected) age. This is in agreement with the finding that L-thyroxine 

supplementation does not improve neurodevelopmental outcome at the age of two 

years.6 Our findings could be explained by the t ransient character of the 

hypothyroxinemia. In very preterm infants, by 6-8 weeks after birth, plasma thyroid 

hormone levels reach values found in infants born at term.152223 By 44 weeks PMA, 
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MNCV of peripheral nerves in preterm infants reach values similar to full term infants.16 

In addition, the extent of hypothyroxinemia may have been overestimated due to low 

TBG levels, where plasma FT, levels are a better indicator of'true' hypothyroxinemia. 

The effect of prematurity and sick euthyroid syndrome4522 on transient hypothyroxinemia 

are difficult to unravel in preterms, because neonatal disease is present to some extent 

in all these infants. The L-thyroxine and placebo group were comparable with respect 

to mortality and morbidity.6 Therefore, it is unlikely that the effect of L-thyroxine 

supplementation on MNCV was influenced by neonatal disease. 

The association between low serum thyroxine concentration in preterm infants in 

the neonatal period and a slow MNCV described by de Vries et al,12 was confirmed 

in our study, where we examined the association between plasma FT, levels and 

ulnar MNCV in the placebo group two weeks after birth. However, in spite of a 

considerable increase of plasma FT4 levels by L-thyroxine supplementation, no 

clear improvement of the ulnar MNCV could be achieved. This suggests that both 

low plasma FT, levels and slow MNCV could be an epiphenomenon of other factors. 

Conclusion 

Although a low plasma FT, level is associated with a slow MNCV in very preterm 

infants, L-thyroxine supplementation during the first six weeks of life does not clearly 

improve MNCV 
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