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   Abstract 

  Background:  Ultrasonography of cortical and cingulum 
maturity patterns, were studied in newborns and infants with 
congenital hypothyroidism (CH). 
  Method:  Transversal study of 29 newborns and infants with 
CH, detected by neonatal screening and confi rmed with thy-
roid function test, thyroid ultrasonography, and thyroid scin-
tigraphy. During the fi rst 2 months of life, transfontanelar 
brain ultrasonography was performed. Brain cortex maturity 
was assessed by normality referents provided by Slagle and 
Timor methods. 
  Results : Cortical immaturity signs were observed in 69 %  of 
infants (20 patients with Slage ’ s method brain cortex devel-
opment delay (Pearson ’ s p  =  0.05). Logistic nominal analysis 
for normality prediction demonstrated a correlation between 
brain cortex development and age, bone age, treatment dura-
tion, and type of CH. The most sensitive detecting technique 
was sagittal sight by Slagle ’ s method. 
  Conclusions:  Brain cortex delayed development is frequent 
in children with CH. Bone age, postnatal age at treatment 
start, and time since treatment start, correlates with neuro-
logical development, but not athyreosis or sublingual nodule.  

   Keywords:    brain cortex maturity;   cingulum;   congenital 
hypothyroidism;   infant;   newborn;   transfontanelar brain 
ultrasound.     

  Introduction 

 Cortical development starts as a single cell layer in the tel-
encephalon during the 7th week of gestation (WG), and 
between the 3rd and 5th month of gestation, several waves of 
neuronal migration, guided from the germinal matrix by the 
radial glia and neurotrophic factors (thyroid hormones among 
them), will contribute to the formation of the six defi nite lay-
ers. The cerebral lobes and some of the main circumvolutions 
will be visible between 24 and 28 WG, while areas corre-
sponding to the cerebral hemispheres are connected, forming 
commissures, of which the largest and last to form is the cor-
pus callosum. Cell differentiation will continue until the 40th 
gestional week and the pattern will remain without apparent 
change for at least the fi rst 2 months of postnatal life  (1 – 6) . 

 Although thyroid hormone production in the fetus begins 
at 12 WG, and increases though 40 WG, it is insuffi cient to 
reach functional concentrations; maternal thyroid hormones 
crossing the placental barrier are necessary to maintain nor-
mal triiodothyronine (T3) and thyroxin (T4) concentrations 
during the pregnancy and to assure osseous and neurological 
development of the fetus (neuronal migration and synapto-
genesis, as well as osteoblast and chondroblast maturation, 
with a peak at 20 – 24 WG). Consequently, if thyroid hor-
mones production during fetal life, the maternal transference 
of thyroxin, or both, were defi cient, there will be a great risk 
of delayed central nervous system development (including 
alterations in cerebral cortex maturation and organization) 
and bone maturation delay  (7 – 17) . 

 Several changes have been reported in cortex development 
of hypothyroid animals, such as delayed development of the 
neuropil, defi cient cell proliferation, migration and myelina-
tion, mainly in the visual and auditory cortex, hippocampus 
and cerebellum. All are proportional to the duration and sever-
ity of hormonal defi ciency during pregnancy  (13) . 

 Transfontanelar cerebral ultrasonography represents a com-
plementary diagnostic method for different illnesses affecting 
the cerebral cortex. Tridimensional ultrasonographic equip-
ment with high-resolution imaging in real time shows stages 
in cerebral cortex maturation, based on structural changes that 
appear progressively on the inner surface of the brain, mainly 
the development of fi ssures that appear at different times, such 
as the choroidea at 13 WG, the pericallosal around 26 WG, 
and the callosal marginal or cingulate at 28 WG. The latter 
described for its associations with the corpus callosum and 
inner circulation of the brain, is an important marker of both 
cortical maturation and congenital alterations, and is very use-
ful in perinatal encephalopathies (leukolamacia, infarct, etc.). 

Authenticated | galvara@prodigy.net.mx author's copy
Download Date | 2/18/13 5:31 PM



90  Alvarado-Ruiz et al.: Neonates and infants with congenital hypothyroidism

 Among the ultrasonographic studies that have explored 
cerebral cortex maturation to determinate gestational age 
 (18 – 21) , one of the most useful is the work carried out by 
Slagle et al.  (20)  in 211 healthy newborns from 24 to 40 weeks 
of gestation, that in sagittal sections of transfontanelar ultra-
sonography, shows the development of the cingulate sulcus 
and the presence of primary, secondary and tertiary sulci. His 
paper reports deformities or delays in cingulate circumvolu-
tion and its relationship with lesions in the immediate vicin-
ity. The maturational organization of these sulci has also been 
reviewed in coronal projections by the Timor-Trisch et al.  (22, 
23) . This study used transvaginal ultrasound in fetuses during 
the last trimester of gestation, and reports that circumvolu-
tions and main sulci become prominent and deep in the last 
trimester of gestation, leading to secondary and tertiary cir-
cumvolutions according to a known developmental pattern. 

 Other authors have studied cerebral cortex maturation to 
estimate fetal age  (24, 25)  and have reported associations 
between cerebral maturation and the neurodevelopment of 
normal children. Likewise, it has been suggested that genetic 
or congenital defects may cause cortex maturation delay, 
which would be expressed by delayed behavior or early neu-
rological signs that will affect the scholar knowledge due to 
learning diffi culties  (26 – 29) . 

 Knowing the participation of thyroid hormones in overall 
development, specifi cally in cerebral maturation during the 
perinatal period, and the absence of ultrasonographic studies 
describing the relationship between cortical maturation and 
CH presence, we decided to initiate this prospective study. 
In Mexico, there is a high prevalence of congenital hypothy-
roidism (CH) ranging from 4.12 to 5.95/10,000 live births; 
a neonatal screening program is available to   >  98 %  of new-
borns. The mean age for diagnosis confi rmation and the start 
of treatment is 56.19 days for the country and 32.5 days for 
Mexico City  (30, 31) . 

 This research describes newborns and infants 0 to 2 months 
of age with a confi rmed CH diagnosis via the Slagle and Timor 
ultrasonographic methods, and determines the predictive value 
of these cortical maturation patterns with the CH type.  

  Materials and methods 

 A cross-sectional, prospective study with Investigation and Ethical 
Committees approbation was performed in 29 children with CH, re-
ferred to the Follow-up Neurodevelopment Laboratory (FNL) during 
the fi rst two months of life. The patients were included because of hy-
pothyroidism suspected by neonatal screening and confi rmed by thy-
roid function test (chemiluminescence, and Tc 99 -scintigraphy). Jurado 
Garc í a tables for Mexican newborns  (32, 33)  were used to characterize 
the birth condition. Knee bone age was evaluated in all (Pyle method) 
to determine skeletal maturation. In all cases, informed written con-
sent was obtained from the parents to perform the ultrasonography. 
Children with intrauterine delay of growth, low Apgar score at birth, 
genetic malformations or other associated congenital alterations or 
who were small for gestation age, were excluded. 

 Ultrasonography studies were carried out using a portable 
Medison C. Ltd equipment SA-6000 model (Korea Data System 
Co Ltd, Seoul, Korea) with a low, medium and high frequency 

transfontanelar ultrasound (3, 5 and 7 MHz) for deep, medium and 
superfi cial planes. The subject was in the supine position, in a func-
tional sleep state or while feeding, and held by one family member. 
After coating with gel on the anterior fontanel, three coronal sections 
(anterior, mid and posterior) and three sagittal sections (left, mid and 
right) were explored, evaluating the developmental characteristics 
of the cingulate sulcus and the presence of primary, secondary and 
tertiary sulci. The patterns of cerebral cortex maturation were rated 
with the normality standards for newborns and infants provided by 
the Slagle and Timor methods (Figure  1  ). The cingulate was identi-
fi ed in the parasagittal planes between the thalamus and the anterior 
fontanel. The tests were video recorded in 8 mm format, digitalized 
for computer analysis and graded by two experts; neither assessor 
was aware of the background. 

 The results are submitted fi rstly in descriptive form for the demo-
graphic variables: gestational age (GA), weight at birth (BW), length 
at birth (BL), and cranial perimeter (CP). The clinical variables were 
hypothyroidism type (TCH), thyroid hormone levels at diagnosis 
(TH), bone age (BA), chronological age at the start of hormonal treat-
ment (ATX), days of treatment at the time of the (ultrasonographic) 
USC test (DTX) and results from maturational ultrasound age of the 
cerebral cortex from Slagle (USCS) and Timor (USCT). A variance 
analysis and logistic regression of the maturational condition of the 
cerebral cortex (USCS) and (USCT) were performed in relation to 
the age at start of treatment (ATX) and days of treatment (DTX), and 
contingency analysis, correspondence analysis, and χ 2  calculation 
with demographic (GA, BW, BL, CP) and clinical variables (TCH, 
TH, BA). 

 The variables TCH, TH, BA and ATX, and TCH, BA and CP were 
clustered using the conglomerate method by the Ward ’ s hierarchical 
distance procedure and associations of resulting typologies with cor-
tical maturation patterns were analyzed. Prediction of normality and 
immaturity patterns was carried out with nominal logistic analysis 
for the BA, TH, ATX, DTX model and a variance analysis for each of 
these variables. The contouring or curve graphs method was used to 
investigate the effect of time and age at the start of treatment. 

 The SAS, version 7.0 (SAS Statistical discovery software, North 
Carolina, USA) JMP statistical program was used to prepare the re-
sults tables and graphs.  

  Results 

 The mean values for demographic variables were: GA 40  ±  1.7 
weeks, BW 3104.85  ±  594 g, BL 49.4  ±  2.42 cm; CP was nor-
mal in 24 cases and below percentile three in four cases. 
Twenty-four cases were females and fi ve were males, with 
a 4.8:1 ratio. 

 Sublingual nodule/node (SLN) was found in 14 and athy-
reosis (AT) in 15 children. Serum concentrations of total T3 
and free T3 showed a signifi cant difference by type of CH 
(Table  1  ). 

 The time for diagnosis confi rmation and treatment start 
was 34  ±  11 days (10 – 57 days), and the lapse between treat-
ment start and USC performance was 12  ±  10 days (1 – 35 
days). Delayed bone age was present in 21 children (AT  =  13, 
SLN  =  8). All cases with cranial perimeter below percentile 3, 
showed delayed bone age; one boy with SLN and four girls 
with AT. 

 According to the USCS method, 20 children had cerebral 
cortex immaturity; two with type 3 (32 – 34 GW) and 18 with 
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28–30

28th - 30th gestational week

Hyperechoic echoes zone pattern obtains higher amplitude and deepness
for both level of cingulum as other sulci from brain cortex.

Several zones of hyperechoic echoes corresponding to secondary
brances that are added to cingulum circumvolution.

Hyperechoic echo is added in the posterior end of the cingulum
corresponding to the appearance of the first secondary sulcus.

Presence of one cingulated hyperechoic echo, linear and continuous, from
the frontal region to the parieto-occipital region.

Presence of one or two discontinuous lineal echoes in the cingulated
region between the thalamus and the anterior fontanelle.

Sagittal views
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32nd gestational week
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secondary and tertiary sulci.

Bigger amplitude of the longitudinal cisure and the cingulated sulcus is
observed with longitudinal development of new circumvolutions.

Cingulated sulcus indentation is observed, and new indentations along
longitudinal cisure appear.

The first indentation of cingulated sulcus appears.Type 1

Type 2

Type 3

Type 4

33rd - 35th gestational week

36th - 37th gestational week

38th - 39th gestational week

 Figure 1    Slagle ’ s method and Timor ’ s method cingulate sulcus development during gestational weeks.    

 Table 1      The study identifi ed sublingual nodule (SLN) in 14 children, athyreosis condition (AT) in 15 children. Total and free T3 serum 
concentrations showed a signifi cant difference among different types of hypothyroidism.  

Athyreosis Sublingual nodule

Maximum 
value

Minimum 
value

Average SD Maximum 
value

Minimum 
value

Average SD

T3T ng/dL 73.0 0.26 37.05 17.11 188 70 129.14 38.89
T3L pg/mL 2.63 1 1.29 0.44 5 1.2 3.48 1.05
T4T  μ g/dL 2.7 0.04 1.01 0.53 8.2 1 4.1 2.55
T4L ng/dL 0.4 0.02 0.22 0.10 1.1 0.2 0.56 0.27
TSH  μ U/mL 100.0 75.0 78.3 8.79 75 70.2 74.65 1.28
TG ng/dL 97.2 0.05 23.3 36.21 300 29.3 164.6 92.27

   Pearson’s χ 2  p  <  0.05.   
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 Figure 2    Moderate cortical immaturity type 2, at 33 to 35 gestational weeks on the USG coronal views, and type 3, at 32 to 34 gestational 
weeks on the sagittal views. A poor differentiation of secondary sulcus and a thin and almost uniform cingulated sulcus is observed. 
 Pearson’s χ 2  p  =  0.05.    

type 4 (35 – 38 GW). The USCT method demonstrated 17 chil-
dren with immaturity patterns; 1 type 2 (33 – 35 GW) and 16 
type 3 (36 – 37 GW) (Figure  2  ). 

 The correlation between the Slagle and Timor methods 
shows 23 coincidences (9 cases with normal maturity and 
14 cases with delayed maturation). The discrepancies seen in 
six cases were because USCS classifi ed two cases as type 3 
(32–34 GW) but USCT as type 3 (36–37 GW); three cases 
were type 4 (35–38 GW) according to USCS but type 4 for 
USCT (38–39 GW) and one patient corresponded to type 4 
(35–38 GW) for USCS but to type 2 for USCT (33–35 GW). 

 The contingency analysis showed a direct relationship 
between bone age and USCS or USCT method for cerebral 
cortex maturation, being signifi cant with the USCT method 
(Pearson’s χ 2  p  =  0.05) (Figure  3  ). 

 Variance analysis for ATX for USCS was 33  ±  7.6 vs. 
36  ±  15.9 days for immature vs. normal children, and DTX 
9  ±  8.25 vs.17  ±  10.69 days for immature vs. normal children, 
respectively. For the USCT method, ATX was 33.05  ±  6.7 vs. 
35.2  ±  15.5 days, and DTX 10  ±  8.87 vs. 13  ±  11.01 days for 
immature vs. normal children, respectively. 

 To profi le the severity of the hypothyroidism, we pro-
ceeded to form clusters with the clinical variables that were 
associated or showed tendency to be associated with the 
immaturity patterns through Ward ’ s hierarchical distance 
procedure. 

 Two typologies grouped by TCH (AT or SLN), plasma lev-
els of thyroid hormones, BA and ATX were obtained from the 
fi rst cluster analysis. The fi rst typology  “ light disease ”  was 
formed in 12 cases with SLN, normal BA and normal levels 
of TH; the second or  “ severe disease ”  was formed in 17 cases, 
including the patients with AT, delayed BA and low levels of 
TH (Tables  2 and 3  ). 

 The association of the two typology clusters with a cere-
bral cortex maturation state was explored using contingency, 
χ 2  and correspondence analysis; signifi cant marginal associa-
tion was found between the USGS and severe cases (typol-
ogy 2) with more immature cases (32 – 34 GW), while mild 
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 Figure 3    Analysis of the relationship between bone age and matu-
rity state of brain cortex on children with CH by Timor ’ s ultrasono-
graphic method.    

cases (typology 1) correlate with mature cases (38 – 40 GW), 
obtaining a Pearson’s χ2 of 0.06. No meaningful association 
was found with the USCT method (Figure  4  ). 

 In order to determine the probability of prediction of 
cerebral cortex normality and immaturity patterns with 
the USCS and USCT methods, we used a nominal logis-
tic model with BA, TCH, ATX and DTX as independent 
variables, considering maturity or immaturity as depen-
dent variables. For USCS, the complete model was signifi -
cant with a χ 2   =  15.54 (p  <  0.0029), and the adjusted model 
demonstrated signifi cant association with BA (p  <  0.03), 
ATX (p  <  0.02) and DTX (p  <  0.02). For USCT, the complete 
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 Table 2      Distribution of studied variables grouped by gammagraphic 
alteration of the thyroid, bone age and cephalic perimeter (2 types).  

Cohort variables Type 1  –  mild 
(n  =  19)

Type 2  –  severe 
(n  =  10)

Type of 
hypothyroidism by

14 SLN
5 athyreosis

0 SLN
12 athyreosis

gammagraphy

Cephalic perimeter 1 cp 1 4 cp 1
Cp 1 to cp 90 4 cp 3 6 cp 3 to cp 25

14 cp 50 to cp 90

Bone age 8 without delay in 
bone age, 11 with 
delay in bone age

0 without delay in 
bone age, 10 with 
delay in bone age

model had no signifi cance, but the adjusted model found 
an association with BA (χ 2   =  4.47, p  <  0.03), and with a con-
touring graph or level curve; the associated probability of 
normal cortex maturation increased to 0.8 when ATX and 
DTX values were    ≤   15 days, but when ATX was   >  48 days, 
DTX was 2 days (Figure  5  ).  

  Discussion 

 GA, BW and BL were similar to the Mexican general popula-
tion  (32, 33)  and also for growth in children with congenital 
hypothyroidism detected by neonatal screening  (34) . They 
indicated that a difference in growth expression is observed 
only if treatment start is prolonged beyond 120 days. In our 
research, 11 children (38 % ) started treatment at   <  1 month of 
age, 16 (58 % ) between 31 and 50 days, and 2 (7 % ) between 
51 and 57 days. 

 We found differences in TH at diagnosis (mainly T3 and 
FT3) according TCH, with lower levels in AT and a direct 
relationship between TH and BA in 88 %  (13/15). It is well 

known that neonatal TH, mainly T3, has a substantive impact 
on long-term behavior, motor skills, language, hearing and 
cognitive development, and previous studies have shown 
the importance of factors, such as the TCH, ATX, and intra-
uterine HT in the development of the CNS since the 2nd half 
of gestation and their impact on psychomotor development. 
In Holland, the children of 220 mothers with low hormonal 
serum concentration showed rates below the 10th percen-
tile in their psychomotor development at 10 months of age 
 (35 – 38)    . 

 MRI and ultrasound studies had described the association 
between brain cortex maturation and psychomotor develop-
ment and some authors propose that cortical maturation is 
equivalent to GA  (6, 20 – 23, 39 – 42) . 

 MRI and spectrographic analysis show reductions in 
N-acetylaspartate and choline, confi rming progress of the 
cortex maturation and myelination in newborns with CH, as 
well as late in development and the number of secondary and 
tertiary sulci in patients with cortical dysplasia  (43, 44) . 

 In this study, children with CH had a high percentage 
(69 % ) of mild or moderate delay in cerebral cortex matura-
tion. A group of four cases with very low CP stood out; all had 
generalized immature patterns due to defi cient differentiation 
of secondary and tertiary sulci and nearly uniform cingulate. 
One had cortical immaturity Slagle type 3 (33 – 35 GW), and 
Timor type 2 (36 – 37 GW), and three had cortical immaturity 
Slagle type 4 (35 – 38 GW), and Timor type 3 (36 – 37 GW). 
All four presented AT and delayed BA, and although neonatal 
hypoxia can not be ruled out, none had lesions characteristic 
of acute or sub acute perinatal encephalopathy, such as ven-
triculomegaly, asymmetrical subarachnoid dilation or deep or 
extended sulci. 

 The value of perinatal encephalopathies detected by 
ultrasound, as a prognostic determinant of psychomotor 
development during childhood, has been demonstrated by 
several authors, and it is applicable even for patients with CH 
 (44 – 49) . 

 Table 3      Distribution of the studied variables grouped by gammagraphic alteration of the thyroid, levels of thyroid hormones in their total and 
free fractions, days to begin hormonal substitutive treatment and bone age.  

Cohort variables Type 1 mild (n  =  14) Type 2 severe (n  =  17)

Gammagraphic alteration 12 SLN 2 SLN
of the thyroid 0 Athyreosis 15 Athyreosis

T3l pg/mL Rank 2 – 5 Rank 1 – 2.63
Median 3.90 Median 1.2

T3t ng/dL Rank 93 – 188 Rank 0.26 – 73
Median 147 Median 40

T4l ng/dL Rank 0.2 – 1.1 Rank 0.02 – 0.5
Median 0.5 Median 0.2

T4t  μ g/dL Rank 1.6 – 8.2 Rank 0.04 – 2.7
Median 4.15 Median 1

Days of initiated the Rank 0 – 35 days Rank 0 – 27 days
hormonal substitutive treatment Median 4.5 days Median 15 days

Bone age 6 without delay in bone age 2 without delay in bone age
6 with delay in bone age 15 with delay in bone age
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bone age, and mother ’ s thyroid disease during pregnancy, 
all of which are suggestive of intrauterine defi cit of thyroid 
hormones. 

 It could explain the observations that even with an early 
start of treatment, there are learning and attention problems 
at school age, quite probably as the result of cerebral cortex 
alterations  (50) . 

 Severity of damage in psychomotor development during 
infancy and childhood in patients with CH, has been asso-
ciated with athyreosis and delayed start of treatment, but 
according to our results, we suggest that the fi nding of ultra-
sound cerebral immaturity should also alert to the need to 
initiate early preventive and intervention actions in the pro-
gram of neurodevelopment follow-up, mainly in patients with 
delayed bone age at diagnosis, as we demonstrated that this 
is an additional factor for neurological immaturity and that 
athyreosis did not have a signifi cant association with brain 
cortex maturity.  

  Conclusions 

 Slagle ’ s ultrasound method detected the greatest number of 
infants with cerebral maturation delay and it was associated 
through cluster analysis with cases of athyreosis, delayed 
bone age, and low serum levels of thyroid hormones; in con-
junction with TCH, ATX and DTX, it can signifi cantly predict 
immaturity patterns with USCS but not with USCT. 
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 This study demonstrated a high percentage of hypothy-
roid neonates and infants with ultrasound signs of cortex 
immaturity, and suggests that all patients with CH must be 
evaluated with Slagle ’ s method for cerebral transfontanelar 
ultrasonography at the moment of diagnosis, to determine 
the risk of neurological immaturity that will compromise 
the psychomotor development, particularly in those with 
athyreosis, low plasma levels of thyroid hormones, delayed 
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 We propose conducting follow-up studies on these infants, 
with the aim of learning the prognostic value of these ultra-
sound patterns at preschool and school age.    
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