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Abstract

Objective: To evaluate the impact of congenital heart
diseases in growth of children with Down syndrome (DS)
and the weight-height recovery after surgical correction.
Methods: Retrospective study of the DS patients between
1984 and 2007. Excluding the mosaics and/or patients with
associated morbidities (n=165). Calculated Z scores for
weight (Zwb) and length (Zlb) at birth. Those submitted to
surgical correction (n= 60) these scores (Zw/Zh) were
evaluated before surgery and in subsequent periods to five
years. Malnutrition was defined as weight/height Z-score <
2,5. Used chi-square test to verify the relation between
weight/length and age at the time of surgery and Student T
test to evaluate the postoperative (PO) time of recovery (P <
0.05).

Results: Means Zwb (n = 162) and ZIb (n = 156) were -0.95
(+1.27) and -1.348 (+1.02). From the total data (n = 165),
65.5% (n = 108) presented heart disease. Those submitted
to cardiac surgery (n = 60), Zw was below -2.5 in 55% (h = 33)
and Zh in 60% (n = 36). After six months PO, 67.4% achieved
Zw >2.5. In one year, 85.7% achieved Zh > 2.5. Dividing this
group by age in tertiles at time of surgery no difference was
found.
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Resumo

Objetivo: Avaliar o impacto das cardiopatias congénitas
em criangas no crescimento de criangas com sindrome de
Down (SD) e a sua recuperacdo pondero-estatural apos
correcao cirdrgica.

Métodos: Estudo retrospectivo de portadores da SD, entre
1984 e 2007. Excluidos os mosaicos e/ou portadores de
morbidades associadas (n=165). Calcularam-se os escores Z
para peso (Zpn) e comprimento (Zen) no momento do
nascimento. Nos pacientes submetidos a corregdo cirdrgica
(n=60), os escores Zp e Ze foram calculados antes da
intervengdo cirdrgica e em periodos posteriores, em até cinco
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anos de pés-operatério (PO). Em relagdo a populagéo geral,
Zpe Ze < 2,5 foramsignificativos para déficit de crescimento.
Utilizado teste do Qui-Quadrado para verificar relacdo entre
peso/estatura e idade no momento da cirurgia e teste T de
Student para avaliar o momento em que ocorreu a
recuperacdo PO (P < 0,05).

Resultados: As médias de Zpn (n=162) e Zen (n=156)
foram-0,95+1,27e-1,348 + 1,02. Da amostra total (n=165),
65,5% (n=108) dos pacientes apresentavam doenca
cardiaca. Dentre os pacientes submetidos (n=60) a
cirurgia cardiaca, Zp era inferior a -2,5 em 55% (n=33) e
Ze, em 60% (n=36). Com seis meses de PO, 67,4%

INTRODUCTION

Down syndrome (DS) is a chromosomal abnormality
characterized by the extra copy of genetic material on
chromosome 21, occurring in whole or in part. It was named
after the clinical description by the English physician John
Langdon Haydon Down, in 1866 [1]. The worldwide
occurrence of DS is estimated at about one to two cases
per 1000 births. In Brazil, the estimate of this population
was around 300 000 by the 2000 census of the Brazilian
Institute of Geography and Statistics (IBGE) [2].

Maternal age after 35 years is a major contributing factor
to the occurrence of trisomy 21. Some studies show that
advanced paternal age is also a contributing factor [3].

The phenotype of DS is characterized by more than 80
features. The most commom phenotypic manifestations are
developmental disabilities, muscular hypotonia, short
stature, facial features and congenital malformations,
particularly cardiac [4]. The DS is also characterized by
disorders and diseases of various organs. These clinical
features can vary considerably in number and severity [5].
The phenotype of DS was initially attributed to the loss of
chromosomal balance. This hypothesis was weakened by
the fact that other autosomal trisomies have no phenotypic
variation. Correlations between genotype and phenotype
of patients with partial trisomy of chromosome 21 indicate
that the restricted region in 21922.2 is related to the main
clinical features of DS. This supports the hypothesis of
dose-effect of the gene [6]. In 2007, Yahya-Graison et al. [7]
suggest that the heightened expression of these genes
would be more related to the phenotype of DS.

The low final height is a major feature of the growth
process of DS, and this deficit starts already in the prenatal
period [8]. After birth, this speed is much reduced from six
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alcangcaram Zp > 2,5. Em um ano, 85,7% atingiram Ze >
2,5. Dividindo este grupo por idade, na época da cirurgia,
em tercis ndo ocorreu diferenca.

Conclusdes: Observou-se déficit pondero-estatural em
relacdo a populacdo geral desde o nascimento, sendo maior
nas criangas com cardiopatia de indicagdo cirdrgica. A
recuperacdo PO ocorreu em seis meses para 0 peso e em um
ano para a estatura, sem diferenca quanto a idade no
momento cirdrgico.

Descritores: Cardiopatias congénitas. Sindrome de Down.
Peso Corporal. Estatura. Crescimento.

to 36 months in both sexes. Puberty usually occurs just
prior to the general population and is associated with a
deficit of growth [9]. There is also a high prevalence of
overweight and obesity, particularly in adolescence and
adulthood.

The weight and height growth is a good indicator of
health during childhood and adolescence. The different
growth and final height of children with DS require the use
of curves of weight and height-specific growth [10]. If we
put these kids in the graphs of the general population, this
may mask the detection of additional diseases such as
hypothyroidism, celiac disease and heart disease. Likewise,
overweight or obese infant will not be recognized [11,12].

In DS, cardiac malformations occur in 40% to 50% of
these children and the most common is atrioventricular
septal defect (30% to 60%), followed by ventricular septal
defect (30%). Other heart diseases are: ostium secundum
atrial septal defect (about 10%), patent ductus arteriosus
and tetralogy of Fallot. About twenty years of age, there
may be prolapse of the mitral valve with or without tricuspid
and aortic regurgitation [13].

Congenital heart disease in the degree of weight-height
depends on the type and the same hemodynamic effect
[14]. Children with moderate to severe congenital heart
disease present more impairment compared to those with
mild heart disease or those without heart disease. The
improvement of surgical techniques and diagnostic
methods in recent decades has allowed to correct heart
defects earlier and with better results.

The recovery in weight and stature of these patients
postoperatively, within the genetic potential, generates
questions and studies. The increased survival and
improved quality of life in this population are related to the
surgical correction of congenital heart disease. The
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recoverability of growth of these patients after surgical
correction is precisely the main aim of this study.

METHODS

Casuistry

This study was a retrospective cohort study of 181
patients treated in the outpatient clinics of Down Syndrome
in the Department of Pediatrics of the Irmandade da Santa
Casa de S8o Paulo in Brazil (ISCSP), by reviewing the
records for the period August 20, 1984 to September 19,
2007. The choice of medical records was random or as
availability of the medical files at Santa Casa. This study
was approved by the Ethics Committee of the ISCSP. All
presented with trisomy 21 syndrome diagnosis confirmed
by karyotyping and were excluded the mosaics. Of the total
records reviewed (n = 181), we excluded patients with serum
total tetraiodothyronine (T4) and/or free (FT4) and/or
triiodothyronine (T3) changed by age and/or clinical
hypothyroidism and leukemia and/or non-cardiogenic
factors that could affect the weight and height gain, so the
sample reduced to 165 individuals.

The age of patients at the moment of the visit ranged
from 0 to 200 months with an average of 49.8 months (+72.1)
and median of 6.6 months. Of the total sample (n = 165)
were selected those with heart disease and those who were
referred for surgery. Subsequently, this group of patients
was divided into tertiles, considering the age at cardiac
surgery. The first group (G1) included children aged up to
7.56 months at the time of surgical correction. The second
group (G2) included those who were between 7.56 and 19.49
months and the third group (G3), those who were older
than the previous group. All patients underwent cardiac
evaluation to determine whether or not he had heart disease.

In patients with heart disease, this diagnosis was
confirmed by clinical examination, electrocardiography,
chest radiography, echocardiography with color Doppler,
and in some cases by hemodynamic study. In all patients in
the sample were performed semiannual doses of thyroid
hormones and blood test. Annually, assessment sof all
patients were required, otolaryngologic and
ophthalmologic and in those who did not undergo
cholecystectomy were performed non-abdominal
ultrasound examinations.

Anthropometric routine of the Service includes own
nursing of this outpatient clinics that performs all actions,
observing techniques for the accurate measurement of
height and weight. This clinic also provides own
anthropometric equipment. The birth data were collected
for birth records and subsequent data by reviewing the
medical records of patients treated at ISCSP. The weight
values twere expressed in grams, height / length in
centimeters and age of the children were converted into

months. Considering the weight and height as variables of
uniform distribution around the average, we calculated the
Z score. As the range of variation from the average is the
standard deviation, this calculation allowed us to establish
how far the height and weight of a particular child were the
average of the general population. It was also possible to
combine the values Tof both genders to form a single group
of study. Some computer programs automatically perform
this calculation, but this can be obtained by the following
formulas:

Height (child) - height (average of the general population)
Ze =

Standard deviation (age and gender)

Weight (child) - Weight (average of the general population)
Zp =

Standard deviation (age and gender)

Statistical analysis

We used in this study the Epiinfo CDC software to
calculate the Z score In all patients with a record of weight
and length at birth were performed the calculations of Z
scores at birth (score Zpn/Zen). Among those who
underwent cardiac surgery, these scores were calculated
before and after surgery (6 months, 1, 2, 5 and 10 years).

Thus, we determined the involvement of weight and
height growth and the time required for recovery of growth
after surgery. Statistical analysis performed using the
support tool software: BrOffice 3.0, EpiData and EpiData
Analysis for Windows/2000 XP.

In all patients who underwent cardiac surgery (n = 60),
Z scores were calculated for weight and height before the
intervention and the various stages of postoperative
described above. Values of continuous variables were
expressed as mean and standard deviation. We considered
involvement of weight and height growth, score values of
weight or height less than -2.5 standard deviations in
relation to the general population. The recovery of the Z
scores of weight and height was considered as statistically
significant difference. To assess the time at which this
recovery occurred, we used the difference of means test
(Student t test).

To assess whether there was relationship between the
recovery of the weight or height with age at operation and
in subsequent periods to it, we used the chi-square (32)
Pearson’s test. The confidence interval accepted as normal
was 95% and was considered as statistical difference when
the significance level was P<0.05).
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RESULTS

Of the 165 children selected from the Down syndrome
Outpatient clinics in the Department of Pediatrics, at Santa
Casa de Séo Paulo in Brazil, the average age of mothers and
fathers (in years) at birth of the child was, respectively, 34.
(+6.9) and 36 (£7.03). Age ranged between 16 and 50 years
for mothers and between 20 and 55 for fathers with a median
of 34 and 36. The Z scores of these children’s weight at
birth (n = 162) ranged between -5.63 and +1.72, with a mean
0f-0.95 (£1.2). Z scores for height/length at birth (n = 156)
ranged between -6,77 and +0,53, with amean of -1.34and a
standard deviation of 1.02. The impairment in weight and
height of these children with Down syndrome in the general
population occurred since birth.

Of the 165 patients with DS, 34.55% (n = 57) had no
heart disease (Group 2) and 65.45% (n = 108) had heart
disease. Of the total sample (n = 165), 51% (n = 84) were
female and ages ranged at the time of the first outpatient
care at the outpatient clinics of the Santa Casa of Séo Paulo,
between 0 and 200 months, mean of 30.38 and a median of
6.6 months. The cardiac findings (n = 108) in descending
order of frequency were: atrioventricular septal defect
(AVSD, 36%/n = 39), ventricular septal defect (VSD, 30.5%/
n = 33), atrial septal defect (ASD; 17.5%/n = 19),
associations of heart disease (6.5%/n = 7), patent ductus
arteriosus (PDA, 4.6%/n = 5), tetralogy of fallot (T4F, 2.7
%/n = 3) and others (Fig.1).

Of the 108 children with heart disease, 63 (58.3%) were
referred to surgery and other (n = 45) had heart disease
with mild or no rebound or progressing to spontaneous
resolution. Of these 63 children, only 60 underwent heart
surgery, because one died before surgical correction, one
stopped the care at Service and the responsible of the other
patient refused the surgery. The age at the time of surgical
correction of heart disease ranged from 1.5 to 168.1 months,
with an average of 25 months (+34.6) and median of 10.7
months. Of these children, 58.3% were female. The average
Z scores of weight before surgery was -2.62 (£1.35) and
mean height Z score was -3.01 (+ 1.83). It was observed
that 55% of these children (n = 33) had a Zp score below -
2.5 and in relation to height 60% (n = 36) had score values
below -2.5. Thus, it indicates the impairment of weight and
height in these children with Down syndrome and heart
disease with surgical indication, this being more intense
commitment to their height.

With six months (6m) after surgery (n =50) for correction
of the heart disease, the mean Z scores of weight and height
were respectively -1.95 (+1.17) and — 3.04 (+/-6.09). One
year (first) after surgery (n = 40), these mean values of Z
scores obtained for the weight and height were -1.32 (£1.14)
and of -2.00 (£1.36). With two years (2 nd) postoperatively
(n=34), these mean values of weight Z scores were -0.99
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(+1.20) e de -1.58 (+1.16). Five years (5th) after surgery (n
26) (Fig. 2) the means of the weight Z scores were -0.568
(£1.29) and -1.65 (£1.05) (Fig. 2). Ten years (10th) after
surgery (n = 13) the mean of height Z score was + 0.86) and
the Z height was -1.55 (= 13), the mean weight Z score was
-0.10(0.86) and for height was -1.55 (£ 0.76).

Prevaléncia de cardiopatias (n=108)
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Fig. 1- Prevalence of types of congenital heart disease in group 1
(n = 108), vertical axis: percentage of heart disease; horizontal
axis: types of heart disease; Assoc-associations of one or more
heart disease (n=7), ASD - atrial septal defect (n=19), VSD -
ventricular septal defect (n=33), AVSD, atrioventricular septal
defect (n=39), others, other types of heart disease; PDA - patent
ductus arteriosus (n=5) and T4F - Tetralogy of Fallot (n=3)

médias

cire POBm13a2ae 53
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Fg -3,01 -3,04 -2,00 -1,58 -1,65
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Fig. 2- Distribution of Z scores for weight and length (Zp/Ze) at
operation and later periods; the values of Z scores are expressed
as means
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The Student t test was used to compare the mean
scores for height and weight at operation and
postoperative periods. The weight recovery after heart
surgery, occurred in the majority of this population with
Down syndrome six months after the operation, when the
Z score of weight (Zp) reached a mean of 1.95 (+ 1.17),
67.4% of the sample had a score above -2.5 and the Student
T was 4.27 (Table 1).

Regarding the height recovery after surgery, it occurred
in most cases (85.7% with Zp over -2.5) at one year
postoperatively, when the score (Ze) reached an average
of -2.0 (£1.36), 85.7% of these patients achieved a Zp above
-2.5 and Student t test was 4.68 (Table 2).

The gradual reduction in the number of cases during
the follow-up of the postoperative period (n=60, 6m PO:
n=50/ 1% PO: n=40/2nd PO: n=34/5th PO: n=26 and 10th PO:
n=13) occurred for noncompliance of the treatment, the
emergence of non-cardiogenic factors (such as
hypothyroidism and leukosis) that could jeopardize the
growth and death. In the first half, the initial sample was
reduced to 50 cases because mortality was higher (6.6%/
n=4) and six cases were excluded (factors reported above).
In ten years postoperatively, the number of cases was very

small (n=13) and statistically insignificant, being excluded
from this analysis.

Later, the group was divided by age at the time of surgical
correction of heart disease by tertiles. The first group (1)
included patients aged up to 7.56 months at operation
(33.3% / n=20), the second group (2), patients over age 19
and up to 7.56, 49 (31.7%/n=19) and the third group (3)
comprised those who were older than 19.49 months at the
time of surgery (35%/n=21). The chi-square test was used
to verify whether age is correlated with the height and weight
at operation and during the periods subsequent to it. After
ten years of operation, the number of patients was not
statistically significant, and those cases were excluded from
the sample. P values were calculated by chi-square (X2)
Pearson test scores for height and weight at surgery and in
subsequent periods. There was no difference in recovery
of both height and weight for age at surgery (Tables 3 and
4). The early postoperative mortality was higher in group
two who had complete AVSD and secondary pulmonary
arterial hypertension (15.7% / n=3). All had previously
undergone cardiac catheterization before surgery and
presented tests of pulmonary vasoreactivity that allowed
this correction.

Table 1. Evaluation of weight recovery by comparing the mean weight Z (Zp) scores of surgical patients (t-ratio).
0.00 * significance — Zp recovery time on postoperative; Zp values are expressed as means.

Moment of Zp calculation Zp means t - ratio (Student) Significance (unilateral)
Before operation (Zp sur) -2.65

6 m after surgery (Zp 6m) -1.95 4.27* 0.00*

1y after surgery (Zp 1y) -1.36 7.14* 0.00*

2 a after surgery (Zp 2 y) -0.99 8.03* 0.00*

5 after surgery (Zp 5 y) -0.56 8.22* 0.00*

10 after surgery (Zp 10 y) -0.10 10.661 0.00t

T not statistically significant (small number of cases), * statistically significant

Table 2. Evaluation of stature recovery by comparing the mean height Z score (Ze) of surgical patients (t-ratio).
0.00 * significance - recovery time of Ze on postoperative, Ze values are expressed as means.

Moment of Ze calculation Ze means t - ratio (Student) Significance (unilateral)
Before surgery (Ze sur) -3.011 e E—
6 m after surgery (Ze 6m) -3.047 -0.04 0.48
1 a after surgery (Ze 1y) -2.004 4.68* 0.00*
2 a after surgery (Ze 2y) -1.585 7.16* 0.00*
5 after surgery (Ze 5 y) -1.659 6.56* 0.00*
10 after surgery (Ze 10 y) -0.109 10.6631 0.00t

T not statistically significant (small number of cases), * statistically significant
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Table 3. Comparison between the groups divided into tertiles according to age at operation and recovery of body height.

Moment of Ze calculation G1tMeans of Ze *G 2tMeans of Ze *G 3tMeans of Ze P values
Before surgery (Ze) -2.40 -2.92 -2.64 0.12
6 m after surgery (Ze 6m) -2.15 -1.96 -1.67 0.07
1 a after surgery (Ze 1y) -1.84 -2.36 -1.30 0.38
2 a after surgery (Ze 2'y) -1.33 -1.10 -0.70 0.37
5 after surgery (Ze 5 y) +1.39 -0.31 -0.57 0.95

At the time of operation: * G1-group aged 7.56 months; *G2 — group aged above 7.56 and up to 14.49 months; *G3 - group aged over the

previous group, y - year (s), m-months and Ze- Z score for height

Table 4. Comparison between the groups divided into tertiles on the time of surgery and weight recovery.

Moment of Zp calculation *GIftMeans of Zp *G2TMeans of Zp *G3fMeans of Zp P values
Before surgery (Zp sur) -2.92 -2.59 -3.53 0.22
6 m after surgery (Zp 6m) -1.84 -2.37 -2.76 0.24
1y after surgery (Zp 1y) -1.86 -1.93 -2.33 0.71
2 y after surgery (Zp 2 y) -1.17 -1.56 -1.91 0.70
5y after surgery (Zp 5y) -0.39 -1.44 -1.84 0.26

At the time of operation: * G1-groupl aged 7.56 months; *G2 — group 2 aged above 7.56 and up to 14.49 months, *G3 —group 3 older than

the previous group, y -year (s)

DISCUSSION

The weight and height growth is one of the most
important indicators of child health. Chronic diseases cause
impairment of growth, and congenital heart disease are one
of the major determinants of such commitment [15]. The
development of new surgical techniques and advances in
drug therapy has allowed for increased survival and
improved quality of life of these patients. The process of
recovery of weight and height after surgical therapeutic
approach is usual focus of concern for pediatricians,
cardiopediatrics and parents. This fact has earned this
particular study on a population of children with Down
syndrome. In such population, the occurrence of cardiac
malformations is common and there are growth
characteristics and body composition associated with this
syndrome.

Among the well-documented risk factors for the
occurrence of meiotic non-disjunction in trisomies, such
as chromosome 21, is advanced maternal age at delivery
[16]. Mustacchi [17] and others already mentioned
authors [3] have also found advanced paternal age as a
variable contributing to the occurrence of DS. This study
showed a correlation between the occurrence of DS both
with advanced maternal age at delivery as advanced
paternal age.

Characteristics of the growth of children with Down
Syndrome are: a final short stature, reduced growth rate
and the tendency to obesity in later childhood and
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adolescence. The weight and height deficit of children with
Down syndrome in the general population initiating in the
prenatal period. It was demonstrated in this study that the
weight and length were lower from the moment of birth
ranging between -0.9 and -1.3. These results were consistent
with those of Myrelid et al. [18] where the gaps found at
birth ranged between -1.0 and -1.5 for height and between
-1.2 and -1.5 for weight. There is some disagreement about
the results of Meguid et al. [19] on which these gaps were
larger (-1.6 to -3.5 SD) and relative to Cronck [20], with
smaller gaps (-0.5 SD).

The occurrence of cardiac malformations in this
population is about 40 to 50%, the most common
atrioventricular septal defect (AVSD) and ventricular
septal defect (VSD) [12,13]. In this study, we found similar
results, and heart diseases most frequently encountered
were AVSD and VSD. The incidence of girls with heart
disease (58.3%) was slightly higher compared to boys as
it is described in the literature on population samples with
DS[21].

There is consensus that in the general population the
majority of children with congenital heart disease have
impaired weight and/or height, varying with the severity
and the type of heart disease. Heart diseases with
increased pulmonary blood flow are those that occur with
more severe impairment of the weight of body height.
There are few studies on the growth of children with Down
syndrome with congenital heart disease, occurring
controversial [18,22].
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In this study, we observed impaired weight and height
of children with heart disease with surgical indication,
which, mostly with heart diseases with increased flow.
Before operation, 55% (n=33) had a Zp score below -2.5
and in relation to height Z score (Ze), 60% (n=36) had values
less than -2.5. The impairment of height was greater than
the weight before the operation.

The height and weight recovery after surgical treatment
of heart disease occurs in all types of congenital heart
disease in the general population [23]. The degree of
recovery is controversial. There are few studies in this area,
involving mostly a short follow-up of postoperative follow-
up [24]. In the general population, studies show that the
postoperative period required for recovery can vary
between six months and one year [25] as in this study. The
weight recovery was observed in most cases after six
months when 67.4% of this sample presented values of Z
scores of weight (Zpém) above -2.5. In relation to height,
such recovery occurred in most cases (85.7% with values
greater than -2.5) at one year postoperatively. The values
of Z scores were compared with the general population
because there are no specific formulas that use the average
weight / height of the population with DS and no specific
growth curves for children with Down syndrome and heart
disease, which is a limitation of the study.

In the general population, weight-height recovery after
heart surgery is often higher in the surgery before the age
of three. In this group of patients the preoperative
impairment weight is usually higher, varying the type of
heart disease [25]. In this study by dividing the total sample
into tertiles according to age at operation, we found the
same pattern of recovery. In this sample of patients with
DS was observed discordance in the general population
according to age at the time of surgical correction of heart
disease. We must consider that the population of DS with
the most frequent heart disease (AVSD) is a hyperflow,
cyanosis and, in most cases with surgical indication in the
first year of life.

In agreement with the literature, the children of the group
two who were suffering from total AVSD with progression
to pulmonary vascular disease had increased intraoperative
mortality. It is recommended that children with DS and AVSD
is total surgical correction before the first 12 months of life,
preferably between three and six months of life and before
the onset of pulmonary arterial hypertension.

CONCLUSIONS

Children with DS have impaired growth in relation to
the general population from birth.

Congenital heart disease with surgical indication
determined a higher weight-height impairment in 55% of the
sample of patients with DS for weight and 60% for height.

The recovery of weight and height after surgical
correction of this population occurred in most cases in six
months for weight, and one year for their height. This
impairment is more pronounced for height since birth.

There was relationship between weight gain during the
postoperative period and age at operation.
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