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ABSTRACT

Minor neurologic and intellectual impairments have been
described in some congenital hypothyroid (CH) children in spite
of early detection by neonatal screening. The aim of our study
was to assess cognitive functions as well as neurophysiologic
parameters in hypothyroid children and to compare children
detected by neonatal screening (group A) versus hypothyroid
patients clinically diagnosed before the beginning of the screen-
ing program (group B). Group A consisted of 15 children (13
girls, mean age at the beginning of treatment 33 d). Group B
consisted of 11 patients (7 girls, mean age at the start of treatment
10.1 mo). Twenty age-matched healthy children were studied as
a control group for neurophysiologic tests. Neurophysiologic
tests (Auditory P 300, long latency somatosensory evoked po-
tentials (LL-SEP) were performed along with IQ evaluation.
Abnormalities of neurophysiologic tests were detected in 82% of
clinically diagnosed hypothyroid children. Surprisingly, 47% of

the children detected by neonatal screening, having normal men-
tal development index, showed at least one abnormal neurophys-
iologic test. LL-SEP latencies were found significantly increased
in both groups of CH patients compared with controls. Our data
are suggestive for a prenatal or perinatal CNS damage in some
children with congenital hypothyroidism, despite early treatment.
(Pediatr Res 37: 736-740, 1995)

Abbreviations
CH, congenital hypothyroidism
LL-SEP, long latency-somatosensory evoked potential
WISC-R, Wechsler Intelligence Scale for Children-Revised
T,, thyroxine
ANOVA, analysis of variance

Neonatal screening programs and subsequent early replace-
ment treatment have been successful in reducing the most
severe effects of CH on neuropsychologic development (1-6);
however, early treated CH children with normal IQ may show
slight psychomotor abnormalities, such as deficit in motor
skills (particularly in relation to balance), fine motor disorders,
clumsiness, learning difficulties, and behavior problems (1, 5).
All of these disorders are suggestive of minimal brain damage.

Neurophysiologic studies on CH patients have been con-
cerned primarily with stimulus-related potentials (short latency
components) that analyze the integrity of the primary sensory
pathways (7). The LL-SEP and the event-related potentials can
give information about CNS stimulus processing and about the
integrity of sensory information processing within the cerebral
cortex (8). Only one group, however, reported results of short
latency somatosensory evoked potential examinations in CH
newborns (9).
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The aim of the present study was to evaluate the effect of
replacement therapy onset on CNS and its relationship with IQ
determinations. For this purpose we studied both neuropsycho-
logic development and neurophysiologic changes (using LL-
SEP and event-related potentials) in 15 CH patients, detected
by neonatal screening, who began replacement therapy within
the first 2 mo of life, and 11 CH patients, clinically diagnosed
in prescreening period, who started the replacement therapy
much later.

METHODS
Subjects

Twenty-six children and adolescents (20 girls and six boys)
with primary CH were studied. Excluded were patients show-
ing symptoms of other primary neurologic or ophthalmologic
diseases, patients with recurrent or acute otitis, and patients
taking ototoxic drugs. CH patients born before term (<37 wk)
or patients with perinatal problems (asphyxia, hyperbiliru-
binemia) were excluded. The CH patients were assigned to two
groups: group A included 15 children (13 girls and two boys;
mean age * SD: 9.93 * 0.81 y), detected by the screening
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program for CH, covering infants born after 1980. Age, T,, and
TSH concentrations at CH diagnosis are showed in Table 1. On
the basis of thyroid imaging studies, eight patients were diag-
nosed to be athyreotic; four patients had ectopic and one had
hypoplastic glands. The remaining two patients had familial
dyshormonogenesis. Replacement therapy was started at 1.0 =
0.6 mo: initial 1-thyroxine dosage range was: 8-10 ug/kg/d.
Group B consisted of 11 patients (seven girls and four boys;
mean age 14.42 * 2.24 vy), clinically diagnosed before the
beginning of the CH screening program. Diagnosis was con-
firmed by the measurements of serum T, and TSH concen-
trations (Table 1). Replacement therapy was started at 2—60
mo. Some patients were initially treated with thyroid USP.
Initial doses of replacement therapy were similar to the ones of
group A.

All patients were followed quarterly in our clinics and
replacement therapy was adjusted to maintain peripheral thy-
roid hormones concentrations in the upper half of the age-
appropriate range.

Twenty healthy children and adolescents (eight girls and 12
boys; 12.25 * 3.74 y) were studied as a control group for
neurophysiologic examination. Inclusion criteria were: born at
term (>37 wk), negative at the screening test for thyroid
dysfunction; no history of brain insults (e.g. meningitis, con-
vulsions, apnea), normal psychomotor development; no history
or symptoms of recurrent or acute otitis; no ototoxic drugs.

Informed consent was obtained from all the parents and legal
guardians of the CH patients and control subjects. The study
was performed in accordance with the Declaration of Helsinki,
as modified in 1983.

Procedure

IQ was tested using the WISC-R (10). Briefly, the scale is
made up of six verbal (information, similarities, arithmetic,
vocabulary, comprehension, and digit span) and six perfor-
mance subtests (picture completion, mazes, block design, pic-
ture arrangement, object assembly, digit symbol). Each subtest
contributed equally to the total score. We selected two subtests
in which the velocity of execution weights on the attribution of
the score. Block design subtest points out the subjects’ intel-
lectual potentialities and is the expression of an organic integ-
rity of the CNS. Digit symbol subtest measures the ability of
visual-motor coordination, the velocity and the precision dur-
ing the associative process, and above all the child’s attention
during the execution of the test.

Table 1. Age, T,, and TSH concentrations at diagnosis in two
groups of CH patients

Group A Group B Reference values
Age (mo) 1.04 £ 0.55 9.96 = 17.09
(0.4-2) (2-60)
T, (nmol/L) 49.5 £ 227 29.1 £23.0 63.4-145.7
(12.9-77.2) (6.5-82.4)
TSH (mU/L) 207.6 £195.1 163.8 = 153.1 0.2-4.0
(49.7-730) (20-320)

Data are expressed as mean * SD; the range of values is in parentheses.
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Neurophysiologic evaluations were performed using the
Nicolet Pathfinder Mega equipment (Nicolet Instrument Corp.,
Madison, WI).

Auditory P300. The P300 wave was evoked by auditory
oddball paradigm. We recorded auditory potentials after infre-
quent high pitched (2000 Hz, 80 dB nHL, target stimulus) and
frequent low pitched (1000 Hz, 70 dB nHL, non-target stimu-
lus) tone bursts of 0.1 ms duration (with a 20-ms plateau and
9.9-ms rise/fall time). The subjects were seated upright, and
their visual attention was fixed at a marked point on the wall in
front of them. They had to be attentive to the tone presented to
both ears through headphones in a random sequence with a
20% probability of target stimulus (total stimuli 200 tone
bursts). During the test, each subject was asked to count
mentally only the target tones and to report the number at the
end of each run. To be sure of a sustained level of attention, the
test was replicated three times, and the total number of counted
target tones had to be corrected for at least two full runs. Data
were recorded from 16 electrodes attached to the scalp with
collodion according to the 10-20 International System and
referred to linked ears (11). Electrodes were placed laterally to
each eye for monitoring the ocular blink (electro-oculogram).
The records in which the EEG or electro-oculogram exceeded
+90-mV wave were rejected automatically. Separate averages
were obtained for target and non-target stimulus tests. As
described by Goodin et al. (12). the response to the frequent
tone consists of a negative (N1), positive (P2) deflections; the
response to the infrequent tone is more complex: negative
(N1), positive (P2), negative (N2), positive (P3) deflections.
N1 and P2 latencies were identified in responses to frequent
tones; N2 and P3 in response to rare tones. In cases in which
the P3 peak was not well defined, lines were drawn parallel to
the ascending and descending slopes of the P3 wave, and the
intersection of these lines was taken as the P3 latency (13, 14).
Amplitude was measured as peak to peak.

LL-SEP. 1L-SEP were analyzed as previously described
(8). Briefly, to minimize interferences, subjects laid comfort-
ably on a bed, awake, and eyes open and fixing a point to avoid
eye movements and drowsiness and to reduce excessive o
activity in the EEG. Stimulations were applied to right and left
median nerves at the wrist, with a random frequency of stim-
ulation lower than 0.3 Hz, stimulus duration of 0.1 ms, and
intensity just above motor twitch level. Analysis time was 600
ms with 60 ms of prestimulus time.

In addition, the topographical distribution of P300 either for
auditory and LL-SEPs were analyzed using the maps measured
for each subject at the peak of the maximum positive wave.

Statistical Analysis

IQ results are expressed as median (range), being a noncon-
tinuous variable. Comparisons between groups were performed
using the Mann-Whitney test.

Neurophysiologic variables were normally distributed. Data
are expressed as mean *= SD. Differences between the three
groups were assessed by one-way ANOVA. Further compari-
sons between groups were performed with the Scheffé post hoc
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test. Due to the age differences, analyses were also performed
correcting for this confounding effect.

The relationships between variables were studied by calcu-
lating either the Pearson simple correlation coefficient (contin-
uous variables) or the Spearman rank correlation coefficient
(noncontinuous variables), and its significance as to a null
hypothesis, p = 0.

An unpaired ¢ test was used to establish significant differ-
ences of peak latencies and topographical distribution of
evoked potentials between hypothyroid children and control
subjects. p value maps were reconstructed using ¢ values of the
different electrodes. Values of latencies of the two study groups
were considered abnormal when exceeding a 2.5 SD of normal
subjects. In each patient changes of topographical distribution
were assessed using z-score values, and a value of 2.5 was
chosen as the upper normal limit.

All significance tests were conducted at the a = 0.05 level
and were two-tailed.

RESULTS

We did not find significant differences between the ages of
the two groups of CH patients and control subjects (p > 0.05)
(Fig. 1, a and b). Ages of group A patients were significantly
lower than those of group B (p < 0.05).

Free T, levels were within normal limits in all CH patients
after 3 mo of replacement therapy. TSH concentrations fell
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Figure 1. g, Topographic distribution of Auditory P300 amplitude in control
and hypothyroid children. Right panel shows the statistical comparison. No
significant differences were present for both groups of patients. b, Topographic
of LL-SEP P300 amplitude in control and hypothyroid children. Significant
differences were present in both groups, more pronounced in group B, more
evident in centro-parietal areas.
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within normal range after 3 mo in 21 patients. In the remaining
five patients TSH was within normal limits after 6 mo.

IQ. Median IQ values and ranges are shown in Table 2.
Global and performance scores as well as block design and
digit symbol subtests were significantly lower in group B than
in group A.

All patients showed reproducible Auditory P300 and LL-
SEP components. Frequencies of alterations for LL-SEP laten-
cies were: 40% in group A and 64% in group B, whereas
Auditory P300 was altered in 7 and 18%, respectively (Table
3). Neurophysiologic studies detected CNS abnormalities in
82% of clinically diagnosed hypothyroid children (group B).
All of these patients had low mental development indexes
(median ID = 75.5). Surprisingly, 47% of the children detected
by neonatal screening, having normal mental development
index (median IQ = 109), showed at least one abnormal
neurophysiologic test.

Auditory P300. Results of neurophysiologic tests are shown
in Table 4. All patients showed normal P1 latencies values
suggesting that primary auditory cortex and auditory associa-
tion areas received normal projections. An example of Audi-
tory P300 curves is shown in Figure 2. However, N1 wave
latencies of auditory P300 were significantly different in the
three groups (one-way ANOVA: F = 3.8; p = 0.03). A post
hoc test showed a significant difference between groups A and
B (p < 0.05). The difference was still present when differences
in age were taken into account. N1 latency was inversely
correlated with global IQ (r, = —0.50; p = 0.03), performance
10 (r, = —0.49; p = 0.04) and block design subtest (r, =
—0.53; p = 0.02). We did not find significant differences in P3
wave latencies of auditory P300 among the study groups
(one-way ANOVA: F = 1.2; p = 0.31). P3 latencies were
inversely correlated with block design (r, = —0.49; p = 0.02)
and digit symbol (r, = —0.46; p = 0.03) subtests. Neither N1
nor P3 waves showed significant correlations with T, levels at
diagnosis (r = 0.38; p = 0.30 and r = 0.25; p = 0.32,
respectively) or age at onset of treatment (r = 0.03; p = 0.89
and r = 0.007; p = 0.97, respectively).

LL-SEP. LL-SEP results are shown in Table 4. An example
of LL-SEP curves is shown in Figure 3. P300 latencies of
LL-SEP were significantly different in the three groups (one-
way ANOVA: F = 9.4; p = 0.0004). Post hoc comparisons
showed significantly lower latencies in the control group,

Table 2. IQ scores determined using the WISC-R in two groups of

CH patients
Group A Group B
Global¥ 110 (84-124) 77 (69-94)
Performance testst 108 (84~130) 73.5 (67-93)
Block designi 11.5 (5-16) 8 (5-12)
Digit symbol} 8 (6-13) 6 (1-7)

Data are expressed as median (range). Comparison between groups were
performed using the Mann-Whitney test. Normal IQ values are: global and
performance tests > 80; block design and digit symbol > 7.

t1 Significantly different.

+p = 0.001.

tp =001
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Table 3. Frequencies of altered Auditory P300 and LL-SEP
latencies and maps in two groups of CH children

Latencies Maps Both
Auditory P300
Group A 1/15 (6.7)¢ 1/15 (6.7) 1/15 (6.7)
Group B 1711 (9) 1711 (9) 2/11  (18)
LL-SEP
Group A 4/15 (26.6) 3/14 (21.4) 6/15 (40)
Group B 5/11 (45.4) 2/11 (18.1) 7/11 (63.6)

“ Values in parentheses are percent.

Table 4. Results of neurophysiologic tests in two groups of
CH patients and control subjects

Group A Group B Controls
n 15 11 20

Auditory P300

N1 latency (ms) 1082 £ 21.6 131.6 = 17.4% 114.5 £20.5

P3 latency (ms) 3109 £21.7 3223192 313.0 =180
LL-SEP

P300 latency (ms) 339.9 £ 385 3557 £248 310.2 = 23.1%%

P40-P300 interpeak  295.8 = 37.5 308.7 =263  266.6 = 22.711

(ms)
Data are expressed as mean = SD.
1 Significantly different from group A, Sheffé post hoc test; p <0.05.
I Significantly different from group B, Sheffé post hoc test; p <0.01.
1 Significantly different from group B, Shefté post hoc test; p <0.05.

compared with both groups of CH patients (Table 4). P300
latencies were inversely correlated with global 1Q (r; = —0.43;
p = 0.04) and performance 1Q (r, = —0.44; p = 0.04). No
correlation was found with T, levels at diagnosis of CH (r =
—0.27; p = 0.27), nor with age at onset of treatment (r = 0.14;
p = 0.49). P40-P300 interpeaks were significantly different in
the three groups (one-way ANOVA: F = 8.4; p = 0.0009).
Interpeaks were significantly increased in CH patients (Table
4). Global IQ and performance IQ were weakly inversely
correlated with P40-P300 interpeaks (r, = —0.39; p = 0.06
and r;, = —0.40; p = 0.06, respectively). No correlation was
found with T, levels at diagnosis of CH (r = 0.28; p = 0.24)
nor with age at onset of treatment (» = 0.13; p = 0.51).

The topographic distribution of the Auditory P300 was
similar in the CH groups and in controls, and it showed the
characteristic adult distribution centered in the centro-parieto-
occipital derivation (Fig. 1a). A significant abnormal topo-
graphic distribution of LL-SEP P300 wave was present in both
groups, but more pronounced in group B (Fig. 1b).

DISCUSSION

Thyroid hormones are important for normal fetal brain
development (15); in fact, they are known to regulate gliogen-
esis and myelinogenesis (16, 17). Moreover, thyroid hormones
may act as a time clock, terminating proliferation and stimu-
lating differentiation (15). Neonatal hypothyroidism results in
an asynchrony of developmental events at a critical period of
maturation and differentiation of the developing nervous sys-
tem.

Neonatal screening programs has improved the prognosis for
mental development of CH children (1-6). Slight developmen-
tal delay related to signs of prenatal and perinatal hypothyroid-
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Figure 2. Auditory P300 curves in a control subject. The top graph illustrates
the mean curve. The bottom graph shows the Auditory P300 recorded by 16
electrodes.
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ism (retarded skeletal maturation at the time of diagnosis, low
initial serum thyroxine, and athyreosis) has also been reported
in about 15% of screened CH patients (1, 3, 6). Despite early
treatment, some CH children with normal 1Q may show psy-
chomotor abnormalities, such as impairment of balance, fine
motor disorders, and learning difficulties, suggesting underly-
ing problems of the CNS (1, 5, 7).

We studied neuropsychologic development and neurophys-
iologic changes in CH patients detected by neonatal screening,
who began the replacement therapy within the first 2 mo of life,
and CH patients clinically diagnosed in prescreening period,
who started the replacement therapy much later. We measured
IQ in CH patients with the WISC-R scale. As expected,
nonscreened patients had lower IQ values than screened pa-
tients. The difference was comparably remarkable when the
performance subtests were taken into account. We were inter-
ested in knowing whether lower 1Q values were correlated to
organic impairments of the CNS. For this purpose we mea-
sured two neurophysiologic indices: Auditory P300, which
evaluates the attention and information processing, and LL-
SEP, which assess the integrity of sensory processing within
the brain. The results of neurophysiologic studies confirmed
the presence of a relevant CNS damage in patients of group B:
in fact, we found a significant delay of N1 wave of Auditory
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Figure 3. LL-SEP curves in a control subject. The top graph illustrates the
mean curve. The bottom graph shows the LL-SEP recorded by 16 electrodes.

P300, significant increases of P300 and P40-P300 LL-SEP
interpeak latencies and remarkable alterations of topographic
distributions of LL-SEP, compared with controls. These results
confirm the presence of an attention deficit and a delayed
nervous conduction velocity probably due by a delayed myeli-
nation process and the consequent desyncronization of sensi-
tive input. Surprisingly, 47% of the children detected by
neonatal screening, having normal mental development index
(median IQ = 109), showed at least one abnormal neurophys-
iologic test. The finding could be due to the relatively delayed
beginning of therapy in screened patients. The reason was that
the patients we describe in the present study were among the
first screened newborns in Italy. The screening program be-
came effective in early 1980, but the results of the test were not
always available in reasonable time. Moreover, we did not
measure minor motor impairment or behavior problems that
could be present in these children.

WEBER ET AL.

We found inverse correlations between global and perfor-
mance 1Q and both neurophysiologic tests. The psychomotor
abnormalities most frequently found even in CH patients
treated from early life are clumsiness, fine motor disorders, and
attention deficit. We, thus, selected the block design and digit
symbol subtests which better reflect motor skills. Inverse cor-
relations between the subtests and the N1 latency of the
auditory P300 wave, related with attention, were found in our
patients. These correlations suggest a subtle organic damage of
CNS. Our data do not indicate whether it was the result of a
prenatal event or whether other postnatal factors (such as
psychosocial environment or the relative late onset of replace-
ment therapy) played an important role. A study with a greater
number of patients, homogeneous for the type of CH and onset
of treatment, is needed to define this problem. The combined
neurophysiologic tests are an adequate tool for longitudinal
studies to discriminate subclinical organic neurologic involve-
ment.
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