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ABSTRACT
Introduction. Children with congenital heart 
diseases (CHDs) suffer from malnutrition 
because of nutritional deficiencies, being short 
stature the possible long-term consequence.
Objective. To describe the presence of short 
stature among children undergoing cardiac 
surgery for CHDs. 
Population and methods. Retrospective study. 
Children undergoing cardiac surgery with 
cardiopulmonary bypass pump between 2009 
and 2013 were included.
Preterm infants, carriers of genetic syndromes 
or other disease with nutritional compromise 
were excluded. Demographic data, type of 
CHD, admission surgery and anthropometric 
assessment using the WHO standards were 
studied. Short stature was defined as lenght/
height for age Z score < -2 standard deviations, 
by sex.
Results. A total of 640 children were studied; 
361 (56.4 %) were boys; median age: 8 months 
(IQR: 1.9; 34.6); 66 children underwent 
> 1 surgery; 27 of them (40.9 %) had hypoplasia 
of the left ventricle. There were 358 (55.9  %) 
infants with cyanotic CHDs, 196 (30.6 %) with 
univentricular physiology. The median HAZ 
was -0.9 (IQR: -1.9; -0.1); 135 (21.1  %) had a 
short stature, 11  % of newborn infants and 
24.1 % of older than one month old. A higher 
frequency of short stature was observed in 4 out 
of 6 children who underwent complete repair of 
the atrioventricular canal, in 15 out of 39 infants 
with repair of tetralogy of Fallot, in 8 out of 
25 infants with hypoplasia of the left ventricle 
subjected to Glenn procedure, and in 34 out of 103 
with closure of the ventricular septal defect. No 
association or statistically significant difference 
was found between short stature and cyanosis 
or univentricular physiology.
Conclusions. There is a high frequency of 
short stature among children with CHDs, with 
differences according to the type of CHD and 
cardiac surgery performed.
Key words: Growth disorders, short stature, 
malnutrit ion,  congenital  heart  diseases, 
cardiopulmonary bypass pump.
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INTRODUCTION
It is well-known and studied that the 

risk of deficiency-related malnutrition 
among children with congenital heart 
diseases (CHDs) is higher since there 
are multiple factors that may affect, in a 
variable way, the different mechanisms 
of malnutrition, which, as a whole, 
account for the differences in the 
nutritional compromise based on the 
type of CHD.1-8

W i t h  a p p r o p r i a t e  m e d i c a l 
management, nutritional support and 
cardiac surgery, weight and stature 
recovery is possible among children 
with CHDs.2,4,5,9

In children with a more severe 
chronic disease, such as a CHD, 
stunted growth or a short stature 
is a better indicator of nutritional 
compromise because it reflects the 
long-term consequence of deficiency-
related malnutrition.10-12 The presence 
of short stature in patients with CHD 
varies widely, between 15 % and 
45.4 %, figures that are higher than 
in the healthy population.2,4-6,13-15 

Statural catch-up after cardiac surgery 
is variable and the preoperative 
compromise of length/height is a 
prognostic factor.4,5,9,16

Our cardiac surgery center is one 
of the national reference institutions 
for children under 15 years of age 
having operable CHDs. Patients 
are admitted depending on their 
geographic distribution, not on the 
severity or type of CHD. The objective 
of this study was to describe the 
frequency of short stature according 
to the type of CHD and the specific 
surgical procedure performed.

MATERIAL AND METHODS
Non-concurrent cohort study. 

Patients with CHDs who underwent 
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cardiac surgery (restorative or palliative) with 
cardiopulmonary bypass pump in the cardiac 
surgery center of the Clinical Hospital of the 
Pontificia Universidad Católica de Chile from 
January 2009 to December 2013 were studied.

Each of the cardiac surgical interventions 
performed during this period was analyzed. Since 
the objective of the research was to describe the 
frequency of short stature and some associated 
variables according to the type of CHD and the 
specific surgery performed, reinterventions for 
complications or with an interval of less than 
30 days were not included.

Patients with other conditions that could have 
an impact on the nutritional status or that would 
render the interpretation of their nutritional 
assessment difficult, such as preterm infants (less 
than 37 weeks of gestation), small for gestational 
age, or who had a genetic syndrome or a second 
major chronic disease were excluded.

Demographic data were recorded as follows: 
gender, weight and length/height on the day 
prior to surgery, type of CHD, age at the time of 
surgery and type of surgery performed.

Congenital heart diseases were classified 
into univentricular and biventricular circulation 
according to the resulting circulation in the 
last surgery performed; and also, into cyanotic 
and non-cyanotic congenital heart diseases. 
Complexi ty  in  congenita l  heart  surgery 
was evaluated using the Risk Adjustment 
for Congenital Heart Surgery (RACHS-1) 
classification, defining biventricular corrections 
(BVC) with a score > 3 as complex.17

Z-score values were obtained using the World 
Health Organization (WHO) reference standards 
for each of the anthropometric indicators, weight-
for-age Z-score by sex (WAZ), weight-for-length/
height Z-score by sex (WHZ), body mass index-
for-age Z-score by sex (BMIZ) and length/height-
for-age Z-score by sex (HAZ), using Anthro v3.2.2 
and Anthro plus v1.0.4.18,19

Short stature was defined if HAZ < -2 standard 
deviations (SD), malnutrition if WHZ < -2 SD 
in children under 5 years and, in children 
over 5 years, if BMIZ < -2 SD, excess weight if 
WHZ > +1 SD for children under 5 years and if 
BMIZ > +1 SD for children over 5 years.20

Statistical analysis was performed from an 
anonymized database with the STATA statistical 
software, version 12. Descriptive statistics were 
used, and categorical and discrete variables were 
expressed as absolute and relative frequency. 
For continuous variables, the Shapiro-Wilk 

normality test was used; variables that had a 
normal distribution were expressed as mean 
and SD, and those that did not have a normal 
distribution, as median and interquartile range 
(IQR: p 25; p 75). For analytical statistics, the 
chi-squared test, Spearman’s rank correlation 
coefficient test and the Wilcoxon signed rank test 
were used comparing cyanotic with non-cyanotic 
congenital heart diseases. A p-value of < 0.05 was 
set as the cutoff for significance.

In this study, ethical standards consistent 
with the Declaration of Helsinki (2013) were met 
and its approval was obtained from the Scientific 
Ethics Committee of Pontificia Universidad 
Católica de Chile (project number 14-032).

RESULTS
During this period, 876 heart surgeries were 

performed and 640 operations met inclusion 
criteria. These were performed on 557 subjects of 
whom 66 (11.8 %) required more than one cardiac 
surgery during this period. Congenital heart 
diseases that most frequently required more than 
one surgery were hypoplasia of the left ventricle 
(HLV) in 27 out of 66 (40.9 %), tetralogy of Fallot 
(TF) in 8 out of 66 (12.1 %) and tricuspid atresia 
in 8 out of 66 (12.1 %).

The median age was 8 months (IQR: 1.9; 34.6); 
361 subjects were male, accounting for 56.4 %. 
A total of 147 newborn infants (younger than 
30 days old) were operated, accounting for 23 %.

T a b l e  1  o u t l i n e s  t h e  m a i n  d i a g n o s e s 
corresponding to all the interventions included in 
this study; it shows those CHDs that were present 
in > 15 subjects and, in the category “Others”, 
22 different diagnoses are described.

Univentricular CHDs were 196 (30.6 %) while 
biventricular ones were 444 (69.4 %). Among 
biventricular CHDs, 167 interventions (37.6 %) 
were BVCs.

Table 1. Main diagnosis of congenital heart disease

Congenital heart disease	 n	 %
Ventricular septal defect 	 122	 19.1
Hypoplasia of the left ventricle 	 94	 15
Tetralogy of Fallot	 82	 12.8
Transposition of the great arteries 	 52	 8.1
Atrial septal defect	 47	 7.3
Tricuspid atresia 	 30	 4.7
Double-outlet right ventricle	 29	 4.5
Total Anomalous Pulmonary Venous Drainage	 18	 2.8
Atrioventricular canal	 16	 2.5
Other	 150	 23.2
Total	 640	 100
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Regarding  the  presence  o f  cyanos i s , 
358 (55.9 %) were classified as cyanotic CHDs 
and 282 (44.1 %) as non-cyanotic.

T h e  W H Z - B M I Z  m e d i a n  w a s  - 0 . 2 
( IQR:   -1 .2 ;   0 .8) ;  77  pat ients  (12   %)  were 
malnourished and 132 (20.7 %) had excess weight. 

The median HAZ was -0.9 (IQR: -1.9, -0.1); 
135 subjects had short stature, accounting for 
21.1 %. Evaluated by age, 11 % of newborn 
infants and 24.1 % of infants older than 30 days 
(p = 0.008) had short stature.

In children with univentricular CHD, a 
median HAZ of -0.8 was found (IQR: -1.7, 0); 
33 (17 %) had short stature and, in biventricular 
CHD, a median HAZ of -1 (IQR: -1.9; -0.1) and 
102 (23 %) had short stature. There was no 
statistically significant difference when analyzing 
univentricular and biventricular CHDs for 

median HAZ (p = 0.1) or the presence of short 
stature (p = 0.08).

Table 2 shows age variables, HAZ and short 
stature as per the classification of cyanosis. No 
difference in HAZ was found according to the 
presence of cyanosis (p = 0.2) nor association 
between cyanosis and short stature (p = 0.2). 
A statistically significant difference was found 
between the presence of cyanosis and the age of 
subjects (p< 0.0001); children with cyanosis were 
younger than those without cyanosis.

Table 3 shows age variables, HAZ and the 
presence of short stature corresponding to the 
diagnosis of CHDs with more than 15 infants 
subjected to the surgery that led to the hospital 
admission. A higher frequency of short stature 
was found in 4 out of 6 children (66.7 %) who 
underwent complete repair of the atrioventricular 

Table 3. Age and length/height among children with congenital heart diseases and type of intervention

Congenital heart disease	 Intervention 	 n	 Age (months)	 HAZ	 Short stature 
			   median (IQR)	 median (IQR)	 n (%)
Ventricular septal defect	 Closure of ventricular  
	 septal defect 	 103	 6.8 (4.4; 11)	 -1.5 (-2.2; -0.9)	 34 (33)
Hypoplasia of the left ventricle	 Norwood	 40	 0.3 (0.2; 0.4)	 -1 (-1.6; 0.3)	 4 (10.3) 
	 Glenn 	 25	 8 (6;9)	 -1.1 (-2.5; -0.8)	 8 (33.3) 
	 Fontan	 28	 36.8 (33.2; 41)	 -0.4 (-1.2; 0.4)	 3 (10.7)
Tetralogy of Fallot	 Patch repair of pulmonary  
	 stenosis	 26	 3.3 (2.3;7)	 -0.9 (-2.4; -0.4)	 9 (34.6) 
	 Valve plasty/replacement	 17	 116.7 (79.6; 168.3)	 -0.8 (-1.2; 0.2)	 2 (11.8) 
	 Pulmonary artery repair	 13	 16.4 (5.8; 19.8)	 -2 (-2.6; -1)	 6 (46.2)
Transposition of the great arteries	 Rastelli repair/switch	 42	 0.2 (0.2; 0.3)	 -0.7(-1.2; 0.3)	 4 (9.5)
Atrial septal defect	 Closure of atrial septal defect	 34	 35.4 (24.6; 59.5)	 -0.6 (-1.6; 0.3)	 4 (11.8) 
	 Repair of partial anomalous  
	 pulmonary venous drainage	 12	 48.8 (13.1; 85.6)	 -0.7 (-2.2; 0.4)	 3 (25)
Tricuspid atresia	 Glenn	 11	 7.9 (6.8; 9.6)	 -1.5 (-2; -0.7)	 3 (27.3) 
	 Fontan	 9	 34.4 (33.9; 41.8)	 -0.2 (-1; 0.02)	 1 (11.1)
Double-outlet right ventricle	 Biventricular repair	 14	 5 (2.5; 16.4)	 -1.1 (-1.8; -0.6)	 2 (14.3)
Total Anomalous Pulmonary 	 Repair of total anomalous  
Venous Drainage	 pulmonary venous drainage	 18	 0.8 (0.2; 3.6)	 -0.8 (-1.8; 0.1)	 4 (22.2)
Atrioventricular canal	 Repair of incomplete canal	 7	 26.1 (21.4; 41.8)	 -0.9 (-1.7; -0.5)	 1 (14.3) 
	 Repair of complete canal	 6	 4.2 (3.8; 4.3)	 -2.9 (-4; -1.7)	 4 (66.7)

Table 2. Age and length/height among children with congenital heart diseases according to the presence of cyanosis

Outcome measure	 Cyanosis	 No cyanosis	 p
n (%)	 358 (55.9)	 282 (44.1)	 -
Age (months old), median (IQR)	 6 (0.4; 30.9)	 13.2 (4.9; 45.4)	 < 0.001
HAZ, median (IQR)	 -0.8 (-1.7; -0.09)	 -1 (-2; -0.08)	 0.2
Short stature, n (%)	 69 (19.3)	 66 (23.4)	 0.2
1 IQR: interquartile range.
2 HAZ: Z-score for length/height by age.

IQR: interquartile range; HAZ: Z-score for length/height by age.
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canal; in 6 out of 13 (46.2 %) infants with TOF 
subjected to repair of the pulmonary artery; 
in 9 out of 26 (34.6 %) children with TOF who 
underwent patch repair of pulmonary stenosis; 
in 8 out of 25 (32 %) infants with HLV subjected 
to Glenn surgery, and in 34 out of 103 (33 %) 
children with closure of the ventricular septal 
defect (VSD).

Figure 1 shows the absolute frequency of short 
stature according to the cardiological diagnosis 
and the specific cardiac surgery for which they 
were admitted.

When HAZ and other variables were analyzed, 
a correlation was found between the age and 
HAZ in the repair of total anomalous pulmonary 
venous drainage with an r = -0.6 (p = 0.008) and in 
children with VSD who were admitted to undergo 
the VSD closure with an r = 0.3 (p = 0.003). There 
was a correlation between HAZ and WHZ-BMIZ 
in children with atrial septal defect (ASD) in whom 
the ASD closure was performed with an r = 0.4 
(p = 0.01) and in children with HLV who were 
admitted to be subjected to Norwood surgery with 
an r = -0.4 (p = 0.02).

DISCUSSION
A significant percentage of children and 

adolescents with CHDs who require surgery in 

our country are referred to our heart surgery 
center. The distribution of children who are 
referred is based on the geographic location 
and not on the diagnosis or surgical complexity, 
which may be reflected in the different diagnoses 
of CHDs, the type of surgery performed, the type 
of univentricular or biventricular physiology, 
and the presence of cyanosis. CHD surgery, 
surgical indications and medical-surgical follow-
up of patients are regulated by guidelines of 
the Chilean explicit guarantees in healthcare 
program; however, the follow-up or nutritional 
management is not included.21

Of the total, 21.1 % of children had short stature 
which is within the reported percentages.2,4-6,13 
Since the main objective was to describe the 
frequency of short stature related to the type of 
CHD and surgery, each of these interventions 
was included as a subject of study given that 
they corresponded to different physiological and 
hemodynamic times in their CHD. Consequently, 
it was not possible to determine the prevalence, 
as some of them were represented by the same 
patient more than once. The need of doing more 
than one surgery within the period studied 
was related to the fact that some congenital 
heart diseases required reoperations because of 
complications or residual defects.

Figure 1. Short stature among children with congenital heart diseases according to the cardiological diagnosis and cardiac surgery

AV canal: atrioventricular canal; PAPVD: partial anomalous pulmonary vein drainage; PA: pulmonary artery; 
DORV: double outlet right ventricle; TAPVD: total anomalous pulmonary vein drainage; PS: pulmonary stenosis; 
ASD: atrial septal defect; VSD: ventricular septal defect.

AV canal: Repair of complete canal
AV canal: Repair of incomplete canal 

Tricuspid atresia: Fontan
Tricuspid atresia: Glenn 

Atrial septal defect: Surgical repair of PAPVD 
Tetralogy of Fallot: Surgical repair of the PA

DORV: Biventricular repair
Tetralogy of Fallot: Valve plasty/replacement

TAPVD: Repair of TAPVD
Syndrome of hypoplasia of the right ventricle: Glenn 

Tetralogy of Fallot: Patch repair of PS 
Syndrome of hypoplasia of the right ventricle: Fontan

Atrial septal defect: Closure of atrial septal defect
Syndrome of hypoplasia of the right ventricle: Norwood
Transposition of the great arteries: Rastelli repair/switch

Ventricular septal defect: Closure of VSD

Standard stature

Short stature
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In some case-control studies, it is described 
that children with CHDs have the same birth 
weight as those without CHD,2,7; however, within 
their first months of life, their nutritional status 
becomes compromised.3,22 In this sample, it was 
found that, as of the first month of life, stature 
was compromised, which could be explained by 
a possible intrauterine growth restriction and/
or by the impact of the CHD since birth up to 
the operation, in the context of a CHD with great 
hemodynamic impact and difficulties in achieving 
sufficient nutritional support. Since birth weight 
and length measurements were not available, it 
was not possible to evaluate this topic in depth. 
While the percentage of short stature in this 
group was higher than in the healthy population, 
it was significantly lower than that found in 
older children. This fact could be explained by 
a different distribution of CHD among these 
groups, conditioned by the usual moment of 
intervention. In infants older than 30 days, a 
longer time of systemic effect should be added 
compromising growth and stature.3,15,22

It should be pointed out that there was a 
high percentage of malnutrition, figures which 
are higher when compared with the healthy 
population of our country, although lower than 
in other studies of children with CHDs, but which 
makes the comparison of results difficult because 
the selection criteria for subjects are different 
among the different publications.2,5,13

Our global malnutrition score can be compared 
with a study in India, which found a higher 
percentage of malnutrition, 55.9 %. Economic, 
environmental, different health systems and even 
ethnic factors can account for this difference.5

It is remarkable the high percentage of excess 
weight found, which, although lower than in 
the pediatric population of the country, it is 
considered a health problem in children with 
CHD during the post-surgical follow-up.15,23,24 
Excess weight is a factor of higher morbidity in 
chronic cardiovascular diseases and, acutely, 
it results in a higher rate of lower respiratory 
infections, a higher morbidity in patients in the 
Critical Unit or in the immediate postoperative 
period. Therefore, more attention should be 
paid to the nutritional support and a customized 
intervention should be carried out to avoid 
overfeeding.25-27

One finding that stands out is  that no 
significant differences are found between short 
stature and cyanosis or between univentricular 
and biventricular physiology. This can be 

explained by the fact that children with VSD 
who were admitted to undergo a VSD closure, 
who have congenital heart disease without 
cyanosis and with biventricular physiology, had 
a high percentage of short stature comparable to 
that presented in those who were admitted with 
congenital heart disease with cyanosis and/or 
with univentricular physiology.2,3

VSD and HLV have been selected for a more 
detailed description, due to the frequency of the 
children included and their high percentage of 
short stature.

Children admitted with ventricular septal 
defect diagnosis and ventricular septal closure 
surgery represented the largest number of 
interventions, with one of the highest percentages 
of short length/height, even greater than the 
percentage of short length/height for the entire 
sample. When compared to other publications, 
this percentage was higher than that of a recent 
study in Brazil, in which they presented 15 %.4 

This high percentage may account for the fact 
that no statistically significant difference was 
found when comparing the presence of low 
height according to the presence of cyanosis or 
univentricular physiology.1-3

Age at surgical closure of the ventricular 
septal defect has been studied as a prognostic 
factor in the recovery of nutritional deficiencies 
after cardiac surgery. It has been found, in 
longitudinal 2-year follow-up studies, that weight 
was recovered when surgery was performed at 
11 months old versus 17 months and, if surgery 
was performed at around 5 months old, children 
experienced recovery of both WAZ and HAZ.4,9

O u r  p a t i e n t s  w e r e  o p e r a t e d  w i t h  a n 
intermediate age, but there is a lack of studies on 
recovery in our setting. In our country, indications 
for surgery to close a ventricular septal defect 
vary according to the time of onset of heart failure 
symptoms or hemodynamic compromise. It is 
worth noting that there is always the possibility 
that some defects will close spontaneously after 
the neonatal period and that there might be some 
mechanism for the spontaneous closure of the 
defect or its transformation into hemodynamically 
non-significant or without signs of heart failure 
when the defect becomes restrictive. Surgical 
repair of the ventricular septal defect in relation to 
these criteria is usually performed between 3 and 
6 months old. In the national guidelines, one of 
the indications for VSD surgery is the nutritional 
status by WAZ, and no suggestion is made about 
using HAZ as well. It would be important to keep 
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in mind how the stature is affected since the post-
surgical recovery may be partial.4,5,9,21

In HLV, palliative surgical procedures are 
staged to achieve Fontan circulation and both 
the indication and the age or timing of each 
surgery will mainly depend on well-established 
hemodynamic aspects. Poor weight gain and 
short stature among infants with HLV has been 
published earlier and it has been shown that, in 
stage II (Glenn), they have a greater compromise 
of stature versus stage I (Norwood) and III 
(Fontan).16,28 In Table 3, these differences can 
also be seen. Findings are worth pointing out 
because, apparently, it is the natural course 
in this type of CHD, bearing in mind that this 
nutritional compromise runs parallel to complex 
hemodynamic changes, oxygen saturation, 
dyspnea, systemic perfusion that restrict or make 
possible nutritional status in each of the surgical 
stages.29,30

Major limitations of this work include its 
retrospective nature and that  i t  was not 
possible to evaluate birth weight and length/
height, nutritional support, parental height, 
intercurrent morbidity, drugs, hospital stays, 
variables described as risk factors for developing 
nutritional deficiencies.1,5 Most patients were 
referred from other national heart centers only 
for surgery, so this data was not available in the 
clinical records.

This information will help evaluate medical 
and surgical indications as well as approaches 
that may improve the nutritional status of our 
patients in the short- and long-term.

To conclude, there was a high rate of short 
stature among children with CHDs, and there 
were differences according to the type of 
CHD and the cardiac surgery performed. No 
association with cyanosis or univentricular 
physiology was found, which could be explained 
by the high rate of short stature among children 
admitted to undergo a VSD closure. n
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