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Abstract

The aim of the work was to assess the prevalence of cardiac anomalies in primary congenital hypo-

thyroidism (PCH) patients. Fifty patients with PCH recruited after diagnosis by ultrasonography or

scintigraphy (64% Dysgenesis, 36% Dyshormonogenesis). The prevalence of cardiac anomalies was

18%, with renal anomalies being 8%. There was no significant difference in the longitudinal follow-

up of growth and sexual maturation between a hypothyroid with and without anomalies. Statistically

significant difference was found with replacement therapy of both groups. Hence, echocardiography

should be done to screen this birth defect as soon as possible so as to prevent or delay the possible

complications.
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Introduction

Congenital hypothyroidism (CH) is
defined as thyroid hormone deficiency pre-
sent at birth. Thyroid hormone deficiency
at birth is most commonly caused by a
problem with thyroid gland development
(dysgenesis) or a disorder of thyroid hor-
mone biosynthesis (dyshormonogenesis).
These disorders result in primary hypo-
thyroidism. Secondary or central hypothy-
roidism at birth results from a deficiency
of a thyroid stimulating hormone (TSH).
Congenital TSH deficiency may rarely be
an isolated problem (caused by mutations
in the TSH P subunit gene), but it is most

commonly associated with other pituitary
hormone deficiencies, as part of congenital
hypopituitarism. Peripheral hypothyroid-
ism is a separate category resulting from
defects of thyroid hormone transport, me-
tabolism, or action [1].

Newborn screening for congenital hy-
pothyroidism (CH) is one of the major
achievements of preventive medicine, as
the condition occurs frequently. An early
diagnosis and treatment prevent brain dam-
age and the ensuing mental retardation [2].

Neonatal screening for CH is an es-
sential, productive and preventive public

health program.
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The Egyptian Ministry of Health and Population
started to implement the screening program for CH in
year 2000, and by the end of year 2003, all 27 governo-
rates were covered [3].

In a small series of infants identified with CH, there is
an increased incidence of extrathyroid abnormalities [4].

Approximately 10% of infants with CH have associ-
ated congenital anomalies. Cardiac anomalies are most
common, but anomalies of the nervous system and eye
have been reported [5].

In our clinic, follow-up of thyroid patients does not
include screening for cardiac anomalies, and detection
of any other anomaly is by accidental discovery, not by
a routine screen for the association, so the aim of this
study was instituted.

Methods

This study included SO patients (males and females)
with primary congenital hypothyroidism, recruited
from Beni-Suef University Hospital and the Health In-
surance Hospital, and the study was a cross-sectional
study. This study was conducted in six months.

Inclusion criteria
1. Patients with congenital primary hypothyroidism

(depending on the documented etiology of con-

genital hypothyroidism from the files of the pa-

tients).
2. Age between neonatal period and 19 years old.

Exclusion criteria

Patients with:

1. Acquired hypothyroidism
2. Autoimmune thyroiditis
3. Secondary hypothyroidism

All patients were subjected to the following:

I- Full history taking including:

« Date of birth, age, sex, residence, and age of pres-
entation.

« Presenting symptom.

 DPerinatal history was taken with emphasis on pre-
natal insult, history of complications during deliv-
ery, premature labor, prolonged neonatal jaundice
or admission to NICU.

« Developmental history, either normal or delayed.

«  Family history for consanguinity and similar condi-
tion in the family.

o We monitored the documented data in the files of
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the patients, including etiology of congenital hy-

pothyroidism, thyroid profile (TSH & FT4) at the

time of diagnosis (before treatment) and in the last
follow-up, and the dose of replacement therapy.

II- General clinical examination:

« The examination included a general examination as
well as an examination of all systems, laying stress
on detecting congenital anomalies or presence of
any dysmorphic features.

III- Anthropometry
«  Weight & weight by standard deviation score

(SDS), height and height SDS, body mass index

(BMI), and pubertal assessment.

Weight:

«  From birth to 2 years, patients were weighed wear-
ing light clothing on a digital scale.

Older patients were weighed while standing on a
scale, with weight equally placed on both feet. Weight
was measured and recorded to the nearest 0.1 kg and
then plotted on the curves, and standard deviation
scores were obtained using the GROWTH VERSION
II program supplied by NOVONORDESC, construct-
ed on the Egyptian Growth Curves for children (2002).

Height

Supine length:

« From birth to 2 years, patients were measured as
supine by two persons with appropriate equipment
featuring a headboard and moveable footboard
(infantometer). Whilst one person held the head
against the headboard, with the head facing upward
in the Frankfurt plane (an imaginary line between
the outer eye canthus and the external auditory
meatus), a second person measured the length by
bringing the footboard up to the heels.

Standing height:

«  From 2-3 years onward, a wall-mounted stadiome-
ter was used for height measurement. Patients were
standing as erect as possible with his/her head, tho-
racic spine, buttocks, and heels all placed together
touching the vertical plane of the stadiometer.

The head was centered and positioned with the
Frankfurt plane (an imaginary line between the outer
eye canthus and the external auditory meatus) parallel
to the floor.

« Length/Height was recorded in centimeters, to
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the nearest 0.1 cm, and then plotted on the curves,
and standard deviation scores were obtained using
the GROWTH VERSION II program supplied by
NOVONORDESC, constructed on the Egyptian
Growth Curves for children (2002).
Body mass index (BMI):

«  BMI was calculated by dividing the weight in kg by

the square height in m*

« By then using Egyptian Growth Percentile Charts,
patients whose BMI was equal or above the 95th
centile were considered obese. Patients with BMI
equal or above the 85th centile, but less than the
95th centile, were considered overweight. But pa-
tients whose BMI was below the 3rd centile were
considered significantly underweight.

Pubertal assessment:

« Puberty was assessed by Tanner staging. The onset
was defined by the beginning of breast develop-
ment (B2) in girls, and the enlargement of testicu-
lar volume to 4 ml (G,) in boys.

IV- Investigations
« NewFT4and TSH level at the time of study (when

needed).

«  Echocardiography.

Statistical Methods:

«  The Statistical Package for Social Sciences (SPSS)
program (version 15.0) was used for analysis of
data. Data was summarized as mean, SD and per-
centage.

« A non-parametric test (Mann-Whitney U) was
used for analysis of two independent quantitative
data, as data were not symmetrically distributed.

«  Achi-square test was used for analysis of qualitative
data.

« The p-value is considered significant if < 0.05*.
Results
50 children with primary congenital hypothyroid-

ism were included in the study.

The mean age of patients at the time of examination
was 10.9 * 6.4 years, with the range being 2 months to
19 years. The age of patients at the time of presentation
ranges from 1 week to 11 years, with a mean of 3 £ 2.7
years. Seventy percent (35 patients) of the studied cas-
es were females, while thirty percent (15 patients) were

males, with a female-to-male ratio of 2.3:1.
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About 18% of the studied cases had a positive fam-
ily history of congenital hypothyroidism (CH). About
38% of cases were diagnosed early by a neonatal screen-
ing program. Most of the cases (56%) were diagnosed
after a developmental delay. Only 2 cases were diag-
nosed by prolonged physiological jaundice. 1 case was
referred to our hospital by a goiter.

By chest and heart examination, 6% of cases had a
systolic murmur by clinical examination.

About 24% of cases were short (below -2 SDS),
but 76% of cases were within normal height (above -2
SDS). Delay of the onset of treatment led to retarda-
tion of height. Patients diagnosed between 2 years and
6 years and after 6 years were the shortest (mean height
SDS =-1.97 and (mean height SDS = -1.9 respectively).
Patients diagnosed between 1 month and 2 years of life
were less short (mean height SDS = -1.4), while those
diagnosed by screening at birth had the best attented
height (mean height SDS = -0.84).

About 63.9% of cases were at a pre-pubertal age,
16.8% of cases were delayed in puberty, and 19.3% of
cases reached puberty at a normal age.

Patients with delayed puberty comprised 6 patients
with an age range of 15 years to 19 years, with a mean
of 17 £ 1.9 years. They presented with a mean of 6.5 +
4.4 years, with their age range being from 2 years to 11
years. 4 patients (66.7%) were females, while 2 patients
(33.3%) were males.

About 2% of the studied cases were obese, 4% of
cases were overweight, and 94% of cases had a normal
body mass index (BMI).

Congenital hypothyroidism was due to dys-
hormonogenesis in 36% of patients, and dysgenesis in
64% (thyroid agenesis 48%, ectopic thyroid 14%, and
hypoplasia 2%), as shown in Table 1.

The thyroid profile at the time of diagnosis was

compared among different causes of congenital hypo-

Table 1. Etiology of congenital hypothyroidism.

Etiology Number  Percent (%)
Dyshormonogenesis 18 36
Dysgenesis
Agenesis 24 48
Ectopic 7 14
Hypoplasia 1 2
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thyroidism. Agenesis had the lowest FT4 and the high-
est TSH, with a highly significant difference compared
to other etiologies, as shown in Table 2.

By echocardiographic examination, 18% of cases
had cardiac anomalies in the form of an atrial septal de-
fect (ASD) in 4 cases, ventricular septal defect (VSD)
in one case, aortic regurgitation (AR) in 2 cases, pul-
monary stenosis (PS) in one case, and tricuspid regur-
gitation (TR) in one case.

On doing a renal ultrasound for medical cases, 4
cases (8%) were discovered to have renal anomalies, as
shown in Table 3.

Patients with no cardiac anomalies were the short-
est (mean height SDS = -1.5), while those with cardiac
anomalies had the best attainment of height (mean
height SDS =-0.8).

There was no statistically significant difference be-
tween patients with normal echocardiography and pa-
tients with cardiac anomalies, regarding BML

There was no statistically significant difference be-

Table 2. Comparison of FT4 and TSH serum levels at the time of
diagnosis in between different causes of hypothyroidism.

Causes of CH N T4 (ng/dl) TSH (pIU/ml)
Dyshormonogenesis 18 0.40+0.06 76.05+19.51
Agenesis 24 0.32£0.02  148.18%£31.71
Ectopic 7 0.39+0.04  108.38+35.75
Hypoplasia 0.44+0.01  130.66+10.01
p-value S0 0.001** 0.001**
Table 3. Renal ultrasound finding.

Renal ultrasound finding Number  Percent (%)
Normal US 46 92
Abnormal renal sonar

Malrotated kidney 1 2

Bilateral pelvic dilatation 1 2

LF hydronephrosis 1 2

Small kidney for age 1 2

Table 4. Comparison between dose of LT4 in patients with no
cardiac anomalies and patients with cardiac anomalies.

No cardiac Cardiac
Items anomalies anomalies P-value
Mean = SD Mean = SD
D f
%€ 0 34 £1.6 6.7 +44 0.001*
L-troxine
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tween patients with normal echocardiography and pa-
tients with cardiac anomalies, regarding puberty.

There was no statistically significant difference be-
tween patients with normal echocardiography and pa-
tients with cardiac anomalies, regarding thyroid profile.

There was statistically significant difference be-
tween patients with no cardiac anomalies and patients
with cardiac anomalies, regarding the dose of L-troxine
(LT4). Patients with cardiac anomalies need a larger
dose of L-troxine, as shown in Table 4.

Discussion

CH is the most common congenital endocrine dis-
order, affecting 1:3000-4000 newborns [6].

Several studies tried to estimate the prevalence of
CH in Egypt. Abd El-Sallam (1995) [7] screened 3000
Egyptian newborns for CH and it was reported to be
1:1000.

Similarly, Hassan et al. (1998) [8] screened 6128
newborns in Egypt, with an overall incidence of 1:613.

The Egyptian Ministry of Health screened
4,778,549 neonates out of 6,434,844, declaring an inci-
dence of 1/2020 in the year 2005 [9].

CH is associated with an increased prevalence of
congenital malformations [10].

However, the prevalence of these has been variable
in the different ethnic groups [11].

Recently, the significantly higher frequency of ETA
reported in CH than in the general population repre-
sents further arguments supporting the role of a genetic
component in the etiology of CH [12]. Several cases of
TD have been shown to be associated with mutations in
genes (TTF1, TTF2, PAX8, and TSHR). However, thy-
roid organogenesis is a complex process and other genes
are expressed during thyroid gland formation. In the
last decade, a high frequency of congenital anomalies,
mostly cardiac, has been reported in infants with CH
detected by neonatal screening, representing precocious
structure in the developing embryo and orienting mo-
lecular biologists to focus their investigations on genes
involved in both heart and thyroid development [13].

Anomalies in our study comprised 9 cases (18%):
2 cases had ASD (with agenesis of the thyroid), 2
with AR (with ectopic thyroid gland and hypoplasia),
one with ASD & VSD (agenesis), one with PS (dys-
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hormonogenesis), and one with TR (agenesis).

Other anomalies (renal anomalies 8% ) were detect-
ed accidently by abdominal ultrasound examination
due to abdominal pain which revealed renal anomalies
in the form of a malrotated kidney, a small-sized kidney
for the age, and hydronephrosis. It is important to think
of the association, not of the coincidence.

Guetal. [14](2009) studied the prevalence of ETA
in 1520 Japanese CHs with and without Down syn-
drome: ETA was found in 222 (222/1520) (14.6%)
hypothyroid patients without Down syndrome and in
86 (86/1520) (5.7%) patients with Down by a retro-
spective review of a questionnaire based on medical
records. In CH patients without Down syndrome, car-
diac anomalies were the most prevalent (13$ patients)
(8.9%) and they recorded urogenital anomalies in 24
patients (1.58%) in the form of hypospadias, bifid scro-
tum, bladder exstrophy, and polycystic kidney disease.

El Kholy et al. (2005) [15] studied 48 CH Egyp-
tian children at Ain Shams University for congenital
anomalies. Its prevalence was 12.7%. Cardiac anoma-
lies were the most prevalent (10.6%), and other con-
genital anomalies included absent kidney, pelvic kid-
ney and imperforate hymen.

Shaltout et al. (2006) [16] studied 30 Egyptian
CH patients at the Diabetic, Endocrine, Metabolic and
Pediatric Unit (DEMPU) clinic at Cairo University, re-
vealing 6 patients (20%) with congenital heart disease
and one patient (3.3%) with a malrotated kidney.

Amaresh et al. (2010) [17] studied 17 Indian pa-
tients (6 months to 17 years) with CH detected by
scintigraphy and ultrasonography (13 had dysgenesis:
11 with agenesis, one with hemiagenesis and one with
ectopia, and 4 had dyshormonogenesis). 94% of chil-
dren had dysmorphic features, 29% with congenital
heart disease, 41% with spina bifida occulta, and no
renal anomalies detected was attributed to the small
number of patients and no correlation to the type of
anomaly.

Kreisner et al. (2005) [10] screened 76 Brazilian
CH cases (9 with dyshormonogenesis and 67 with
dysgenesis (1 with hemiagenesis, 24 with ectopia & 42
with agenesis)) for ETA by clinical examination only.

Its prevalence is 13.2%, mostly cardiac, and he only
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found the malformation in the dysgenetic group. They
did not screen for renal anomalies.

Regarding the growth and sexual maturation, no
statistically significant difference existed between CH
with cardiac anomalies and no data regarding the longi-
tudinal growth and sexual maturation in CH with ETA,
especially the cardiac ones, as few studies have looked
at the prevalence of cardiac anomalies because it was
considered a coincidence rather than association be-
fore the era of molecular biology which started to un-
fold the fascinating story of CH.

We assume that those hypothyroid cases with car-
diac anomalies and their longitudinal follow-up will
not differ from those without, except that they need
tollow-up of their cardiac condition and special care
to prevent any possible complication to their already
existing disease.

A statistically significant difference occurred in the
replacement therapy among hypothyroid patients with
cardiac anomalies, and L-troxine has a narrow thera-
peutic index, so careful dosage titration is necessary
to avoid the consequence of over- or under-treatment
[18].

Demographic data in our study showed a
female:male ratio of 2.3:1. The age of presentation was
38% under 1 month of age by neonatal screening and
4% by prolonged neonatal jaundice — others present
late and delayed beyond 2 years of age.

Delay in the diagnosis and, therefore, treatment is
still a problem in our community, which should not
be existent in the era of molecular diagnosis. The age
group diagnosed between 3 and 12 years of age may
explain the shortness observed in some of our patients.

Hypothyroidism and its late diagnosis is still a
problem in our community, like with our set-up (36%)
being diagnosed over 2 years. In part it may explain that
some of our included patients were before the era of
screening.

But on the other hand, neonatal screening offered
early diagnosis in 40% of cases. The start of therapy
should start within 2 weeks of age so it can normalize
cognitive development as the hypothyroid fetus ap-
pears to be protected, at least in part, by the placental

transfer of maternal thyroid hormones; this is true as
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long as postnatal therapy is adequate and maternal thy-
roid function is normal.

In contrast to the excellent outcome in infants
with CH that is treated early, the prognosis for normal
mental and neurologic performance is less certain for
infants with CH that is not detected early by newborn
screening [19-21].

It is generally accepted that the degree of hypothy-
roidism at diagnosis, the timing of the onset of treat-
ment, and the doses of replacement L-troxine are the
major determinants of an intellectual outcome, and
whether these factors affect growth and sexual matura-
tion is controversial [20].

Growth rate, adult height and sexual maturation
are normal in children with CH in whom replacement
therapy is consistently maintained. Although physical
recovery is good and stature is normal, when replace-
ment therapy has begun later, but within the first 2
months of life, early diagnosis and adequate treat-
ment from the first weeks of life result in normal linear
growth and intelligence comparable with that of unaf-
fected siblings [21].

Delay in diagnosis, inadequate treatment, and poor
compliance in the first 2-3 years of life result in variable
degrees of brain damage, delayed puberty, and growth
retardation [1]. This explains the small percentage in
our study with the short stature and delayed puberty
because of their late presentation. However, molecular
diagnosis of CH will not differ in management of the
hypothyroid patients who will still depend on periodic
adjustments of L-troxine daily doses, which should be
guided by clinical observation of TSH and FT4 levels.
The rapid pace of development in our understanding
of the genes regulating thyroid embryogenesis and
growth as well as of basic genetic mechanisms in gener-
al suggests strongly that the further important insights
in the etiology of thyroid dysgenesis are likely to be re-
ported in the years ahead.

Our study did not perform molecular analysis to
determine the true etiology of the anomalies, despite it
showing that children with CH are at increased risk of
having cardiac anomalies, since most of these common
types, e.g., ASD and AR, are not identifiable by physi-
cal examination; therefore, early detection of these

birth defects should be done by the non-invasive, non-
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expensive echocardiography so as to prevent or delay

the morbidity and mortality associated with any com-

plication of these cardiac anomalies.
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