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Abstract
Background: Congenital heart disease (CHD) constitutes one third of all major congenital abnormalities and is often

associated with malnutrition and failure to thrive in children. The nutritional status of CHD patients experienced a
significant improvement after correction. Congenital heart disease is divided into two groups, namely cyanotic CHD
and acyanotic CHD. Cyanotic CHD is a heart disease in children which is characterized by central cyanosis due to a
shunt from right to left, whereas acyanotic CHD in children is not characterized by cyanosis and has a leak in the heart
septum accompanied by a shunt or not. Malnutrition is a major challenge that is estimated to affect 50-90% of children
with CHD in developing countries. Congenital Heart Disease can also cause moderate to severe malnutrition. Children
with acyanotic CHD can experience complications in several organ systems and the respiratory system is the most
important complication. Lower respiratory tract infections are the main reason for morbidity and mortality, prolonged
hospital stay, respiratory failure, prolonged use of mechanical ventilation, and delayed definitive surgery.
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Congenital heart disease (CHD) constitutes one third of all major congenital abnormalities and is often associated with
malnutrition and failure to thrive in children. (1) Asia has the highest prevalence compared to other continents, 9.3 per
1,000 live births, while the lowest prevalence rate comes from the African continent with an incidence rate of 1.9 per
1,000 live births. (2) The incidence of CHD in Indonesia is quite high, with 45,000 Indonesian babies born with CHD
every year. Of the 220,000,000 population of Indonesia, it is estimated that 6,600,000 babies were born and 48,800 of
them were people with CHD. The nutritional status of CHD patients experienced a significant improvement after
correction. (3)

Congenital heart disease is divided into two groups, namely cyanotic CHD and acyanotic CHD. Cyanotic CHD
is a heart disease in children which is characterized by central cyanosis due to a shunt from right to left, whereas
acyanotic CHD in children is not characterized by cyanosis and has a leak in the heart septum accompanied by a shunt
or not. (4)

Atwa et al's research reported that the frequency of acyanotic CHD type Arterial Septal Defect (ASD) was 28.8%
more than Ventricular Septal Defect (VSD) of 28.2%. Research by Alenezil (2015) also reported acyanotic CHD VSD
as much as 39.5% of all diagnoses, followed by ASD 18.1% and pulmonary stenosis 12.4%. (5) In research in the
pediatric health sciences section of RSUP Prof. Dr. R. D. Kandou Manado during 2009-2013 obtained from 53
children, with 34 children being male and 19 children being female, aged 1-6 years were the most sufferers, with the
type of CHD most commonly suffered being ASD, namely 34, 0 %, followed by VSD 28.3 %. (6)

Malnutrition is a major challenge that is estimated to affect 50-90% of children with CHD in developing countries.
(1) Congenital Heart Disease can also cause moderate to severe malnutrition. (7) Ratanachu-ek's research (2011)
reported that 40% of congenital heart disease patients experienced malnutrition before surgery. Malnutrition that
occurs includes underweight (28%), wasting (22%), and stunting (16%). (8) Research from Tiirkiye reports that the
prevalence of malnutrition in CHD children is 27%. (9) Research in Nigeria also found a higher rate of malnutrition
in children with uncorrected CHD of 90.4%. (10) Research conducted by Artiko (2015) on patients with acyanotic
congenital heart disease patent ductus arteriosus (PDA) who could experience malnutrition and growth disorders
belgreclonuegpthsipriralippmatsasd gy 1D WWijrp.org

Children with acyanotic CHD can experience complications in several organ systems and the respiratory system
is the most important complication. Lower respiratory tract infections are the main reason for morbidity and mortality,
prolonged hospital stay, respiratory failure, prolonged use of mechanical ventilation, and delayed definitive surgery.
(12)

The purpose of writing this abstract is to explain nutritional problems in children with acyanotic congenital heart
disease and their management.
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Acyanotic congenital heart disease constitutes the largest proportion of all congenital heart diseases. As the name
suggests, in patients with acyanotic congenital heart disease there are no symptoms or signs of cyanosis. In this group
ventricular septal defects (VSD) is the most frequently found abnormality, and accounts for 30% of all congenital
heart diseases. Atrial Septal Defect (ASD) is the second most frequently found disorder, followed by Patent Ductus
Arteriousus (PDA) and pulmonary stenosis. Aortic stenosis and coarctation Aortic and other left heart lesions, which
are reported to be found mostly in white people, are very rare in Indonesia. (4)

Symptoms and signs of acyanotic CHD that may be seen in babies and children include: rapid breathing,
fatigue, poor blood circulation, and reduced appetite. Normal growth depends on the workload of the heart and the
flow of oxygen-rich blood throughout the body. Babies with acyanotic CHD from birth will feel tired easily when
feeding so that growth does not match what it should. (13)

Acyanotic CHD can be divided into: (13) Left to right shunt is Ventricular Septal Defects (VSD), Atrial
Septal Defect (ASD), Atrioventricular Septal Defect (AVSD), Patent Ductus Arteriousus (PDA) and then with
Obstructive such as Pulmonary stenosis, Aortic stenosis and Coarctation of the aorta.

Ventricular Septal Defect (VSD)

In VSD there is a shunt from left to right. The size of the shunt depends on the size, not the location of the defect and
the degree of pulmonary vascular resistance. There is an excess volume load on the left ventricle, left atrium and right
ventricle, due to shunt of blood flow from left to right. Initially the right ventricle will experience dilatation, followed
by hypertrophy of the left ventricle and left atrium or vice versa. And this shunt from left to right over time will affect
pulmonary resistance and pressure in the pulmonary arteries. If pulmonary hypertension is higher and this is an
excessive pressure load on the right ventricle, the blood flow shunt will slowly change to bidirectional. Pulmonary
resistance can exceed systemic resistance during activity, so that the shunt switches from right to left, while at rest
there is still a small shunt from left to right. (14)

Ventricular Septal Defect (VSD) can be classified into: 1. Perimembranous VSD. In this type, most defects are in the
membranous ventricular septum, but almost always include also the adjacent pars muscularis septum. Therefore, this
VSD is more often referred to as a perimembranous or subaortic VSD. 2. VSD outlets. In this type of VSD, it is located
in the outlet septum and its edges are formed by the aortic and pulmonary valve annulus. This type was previously
also called supracristal, conal, subpulmonary or subarterial defect VSD or subarterial VSD or oriental type VSD. 3.
VSD inlets. The VSD is located posterior and inferior to the membranous ventricular septum, below the leaflet of the
tricuspid valve, pars septalis valve and inferior to the papillary muscle. 4. Muscular VSD. This type of VSD constitutes
5-20% of the VSD types. The most common defects are multiple. (14)

Based on its location, muscularis VSD is further divided into 4: Apical VSD is located at the apex of the
heart. Midmuscular VSD is located posterior to the septomarginal trabecula. Anterior or Marginalis. The VSDs are
usually multiple, small and tortuous, located along the septal junction of the right ventricle. Sweet Cheese. Multiple
VSD, including all components of the ventricular septum. (14)

Atrial Septal Defect (ASD)

Atrial septal defect found during adolescence compared to babies and children, because it is asymptomatic so it is only
discovered after the child is older or an adult. (15) Atrial septal defect is characterized by a defect in the intra-atrial
septum that allows pulmonary venous return from the left atrium to the right atrium. (16) In classification is divided
according to its location in the atrial septum, namely: a. Ostium primum, is the result of failure of fusion of the ostium
primum with the endocardial cushion and leaves a defect at the base of the septum. b. Ostium secundum, this defect
is found in the fossa ovalis area. This is the most common form of atrial septal defect and is associated with normal
atrioventricular valves. These defects may be single or multiple. Women are at risk 3 times more than men. c. Sinus
venosus, a defect located at the top of the atrial septum associated with the entry of the superior vena cava. Often, one
or more pulmonary veins 4 (usually from the right lung) anomalously drains into the superior vena Ca.wr%'.ocrlg Coronary
sinus, this defect is located in the part of the atrial septum that includes the coronary sinus opening and is characterized
by the absence of at least part of the wall that normally separates the coronary sinus from the left atrium. (16)

Atrioventricular Septal Defect (AVSD)

Atrioventricular septal defect is a congenital heart disease with Atrioventricular Septal Defect (AVSD), embryonic
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This disorder is often found in patients Down Syndrome. Clinical symptoms appear in the first week of life and heart
failure can occur in the first month of life. Pulmonary hypertension accompanied by loud and single heart sounds often
occurs. Chest x-ray is the same as a secundum defect, namely the presence of cardiomegaly with pulmonary plethora
and interstitial edema. (17)

Patent Ductus Arteriousus (PDA)

This is an abnormality in which the vessels connecting the pulmonary artery and aorta in the fetal phase remain patent
until birth. Functional closure of the ductus normally occurs after birth, but if the ductus remains open when pulmonary
vascular resistance decreases, blood in the aorta is drained into the pulmonary artery. PDA is one of the most frequent
congenital cardiovascular anomalies resulting from maternal rubella infection during early pregnancy. (20)

Pulmonary Stenosis

Pulmonary stenosis is a common congenital heart defect characterized by obstruction of flow from the right ventricle
to the pulmonary artery. Pulmonary stenosis can occur alone or in combination with other types of congenital heart
defects. Pulmonary stenosis is used to indicate the presence of an outflow tract of the right ventricle or pulmonary
artery and its branches. Narrowing in pulmonary stenosis occurs, among other things, under the infundibulum valve
(subvalvular or infundibular stenosis), at the valve (valvular), above the valve (supravalvular). Nutritional status
Patients with pulmonary stenosis are generally well with satisfactory weight gain. Infants and children with mild
pulmonary stenosis are generally asymptomatic and not cyanotic, whereas neonates with severe or critical pulmonary
stenosis will appear tachypnoeic and cyanotic. (21)

Aortic Stenosis

The most common form is aortic valve stenosis, the valve thickens and the commissures fuse to varying degrees. Left
ventricular systolic pressure increases due to outflow obstruction. The left ventricular wall hypertrophies, decreases
compliance, increased end-diastolic pressure. Aortic stenosis can occur at the subvalvular, valvular, or supravalvular
level. Aortic stenosis can be found along with other conditions such as coarctation of the aorta or persistent ductus
arteriosus. This disorder may not be diagnosed in childhood because the valve can function normally, but systolic
murmurs are found in the aorta and are only discovered in adulthood, making it difficult to differentiate between
congenital or acquired heart disease. The incidence of aortic stenosis is greater in white people than in Asians. (22)

Mild or moderate aortic stenosis is generally symptomatic so it is often diagnosed by chance because during
a routine examination a systolic ejection murmur is heard with or without ejection clicks in the aorta area: parasternal
between the left 2nd ribs up to the apex and neck. In mild aortic stenosis with a systolic pressure gradient of less than
50 mmHg there is no need for intervention. Valvotomy or non-surgical surgical intervention Balloon Aortic
Valvuloplasty should be performed immediately in neonates and infants with severe valvular aortic stenosis or a
systolic pressure gradient of 90-100 mmHg. (23)

Coarctation of the Aorta

Coarctation of the aorta is a localized narrowing of the aorta which generally occurs in the ductus arteriosus area.
Coarctation of the aorta can also occur preductal or post ductal. Symptoms can appear suddenly. The classic sign of
coarctation of the aorta is a brachial pulse that feels normal and strong, while the femoral and dorsalis pedis pulses are
not palpable or feel small. (24)

Malnutrition in children with Acyanotic CHD.

Malnutrition is an imbalance between the intake of energy, protein and other nutrients and the body's needs so that it
can have a negative impact on growth and development. Especially in developing countries, the main problem of
concern is nutritional deficiencies(undernutrition), so malnutrition here refers to nutritional deficiencies. (22) Children
with acyanotic CHD have a high prevalence of eating difficulties and malnutrition. (23) Dafg.fippoieveloping
countries shows that the prevalence of malnutrition in patients with acyanotic CHD before surgery reaches 45%. A
study conducted at Cipto Mangunkusumo Hospital, Jakarta, showed a prevalence of malnutrition of 51.1% and severe
malnutrition of 22.3% in acyanotic CHD children, with the prevalence of failure to thrive higher than the problem of
malnutrition. (25)
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In general, the type of congenital heart defect can affect body weight and height. Types of acyanotic type of CHD
such as patent ductus arteriosus, atrial septal defects and ventricular septal defects (PDA, ASD, VSD) with left to right
shunts, affects body weight more than height in the early stages. (26)

Ventricular septal defect (VSD) is a type of congenital heart disease (CHD) which is characterized by a defect in the
ventricular septum. This causes some of the oxygen-rich blood to return to the lungs. The incidence of VSD is quite
high, around 20% of all CHD. Anatomically, VSD can be classified according to the location of the defect. (27)

In another study, it was found that 83% of VSD cases were accompanied by malnutrition, compared to previous
research showing only 46% of CHD acyanotics include VSDs that are malnourished. One of the complications of
VSD is pulmonary hypertension, present in 68.5% of cases with OR 9.678 (2.426— 38.605) and p=0.001. These
findings support previous research which stated that pulmonary hypertension is a factor causing malnutrition in
cyanotic and acyanotic CHD.28Research conducted by Leite et al stated that the pulmonary hypertension factor in
acyanotic CHD is associated with a high incidence of malnutrition (p=0.0140). (29) Research in Iran found that 40%
of the research subjects were below the 3rd percentile and there was a relationship between body weight, head
circumference and VSD size (p<0.05). (30)

Patent ductus arteriosus (PDA) is a type of acyanotic CHD caused by failure of physiological closure of the ductus
arteriosus after birth. PDA can affect children's growth and cause malnutrition. Malnutrition is a risk factor for child
mortality and morbidity. Gunawan et al (2010) reported that the incidence of PDA in premature babies at the
Department of Pediatrics in Cipto Mangunkusumo Hospital was 14%. (31)

Heart failure in acyanotic congenital heart disease

Acyanotic CHD disease will result in excessive volume load which causes heart failure.20Congestive heart failure is
characterized by water and sodium retention accompanied by signs of pulmonary congestion (dyspnea, orthopnea,
paroxysmal nocturnal dyspnea) and systemic venous congestion (edema, ascites, and hepatomegaly). Elevated left
ventricular filling pressures in the absence of clinical symptoms constitute hemodynamic congestion that predicts
uncompensated heart failure. Chronic and increased ventricular filling pressure plays a role in cardiac remodeling
caused by neurohormonal activation, increased myocardial wall stress, increased myocardial oxygen demand due to
ischemia and increased mitral regurgitation. From this event, a cycle of decline can be describedcardiac output with
progressive water and salt retention. (32)

Metabolic changes in acyanotic CHD with heart failure

Metabolism that occurs in the myocardium is an important factor in the pathogenesis and progression of cardiac
dysfunction. In heart failure there is a decrease in activity creatine kinase (CK) and decline flux from phosphocreatine
8 (PCr). The occurrence of hyper phosphorization of the sarcoplasmic reticulum will cause depression of the sodium
pump and a decrease in contractility which is exacerbated by a lack of energy supply. (33)

Decreased energy production in heart failure is also caused by damage to the mitochondrial membrane. The integrity
of the mitochondrial membrane causes its failure coupling protons in the respiratory chain process so that ATP is not
formed. Several studies prove its high protein uncoupling (UCP) which indicates a lot of mitochondrial damage. This
is due to one of the reasons reactive oxygen species (ROS). (34)

Several metabolic changes occur during cardiac contraction dysfunction and activation of the cardiac nervous system.
The main ATP-producing substrate contribution is glucose. The dominant glucose metabolism in a hypertrophied heart
is an increase in the glycolysis process. Several previous studies have shown an increase in the activity of lactate
dehydrogenase, an enzyme that plays a role in converting pyruvate into lactate. This condition is accompanied by an
increase efflux lactate from the myocardium. (35)

Overall fatty acid oxidation decreased. Fatty acids, which are the largest source of energy, normally require greater
oxygen consumption. This causes metabolic changes in heart failure, namely increasing thewalwigtplgsds process
originating from glucose and decreasing the fatty acid oxidation process. (36)

Respiratory tract infections in acyanotic congenital heart disease

Acyanotic type congenital heart disease aggravates acute lower respiratory tract infections. The most common acute
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(11.57%) had the most frequent CHD, namely ventricular septal defects (VSD) in about 50% of 14 children, which
causes shunting left to right blood and increases blood flow in the lungs. (37)

Ventricular septal defect which is not closed and patent ductus arteriosus (Large PDA) is known to have symptoms
that appear earlier and has a greater tendency to suffer from pneumonia in children. Pneumonia patients with acyanotic
CHD tend to experience heart failure and spend longer in hospital compared to children without acyanotic CHD.
Acyanotic CHD patients with a significant increase in blood flow to the lungs makes it easier for pneumonia and
congestive heart failure to occur. (37)

Age at Operation

The age at which surgery is carried out greatly influences the recovery period for children with congenital heart disease
to keep up with their growth and development, both in height and weight. Without adequate nutrition, surgery at an
earlier age will not be possible. Children weighing less than 4.5 kg have a high risk of death during surgery. Children
who survive after surgery need a recovery time for weight gain of several months, while catch-up growth for head
circumference and height takes more than a year. (13) Various medical and non-medical variables also influence the
age at which a child undergoes surgery, including the type of health insurance and ease of access to health facilities.
In the case of PDA, a significant acceleration of weight gain of 28% and height of 20% was obtained after surgery.
Children born with normal birth weight with large VSD and congestive heart failure showed that 53 children
experienced significant increases in weight, height and head circumference after surgery at an early age (less than 7
months), this improvement was achieved within 6 to 12 months after surgery. (13)

Inadequate calorie intake

In children with acyanotic congenital heart disease energy expenditure is increased and often occurs concurrently with
inadequate caloric intake. Inadequate calorie intake occurs when children with acyanotic CHD begin to lose their
appetite or as a result of the body's inability to use nutrients for the growth of the baby/child due to anorexia, acidosis,
malabsorption and increased nutritional requirements. Enlargement of the liver due to congestive heart failure causes
a reduction in gastric volume and potentially causes gastroesophageal refluxas well as aspirations. Congestive heart
failure also causes gastrointestinal edema and hypoxia. (13)

Inefficient absorption

Intestinal dysfunction caused by decreased blood flow to and from the circulationsplanchnicoften found in acyanotic
CHD patients and causes malabsorption. This is why acyanotic CHD patients cannot achieve normal weight even
though they have received sufficient calorie intake. There is still much controversy regarding the role of malabsorption
in growth disorders, therefore this mechanism still needs to be considered until further research is available. Most
patients with congenital heart disease experience malnutrition by 82%. One fifth of patients experienced severe
malnutrition and occurred in both types of congenital heart disease with malnutrition (47%) and marasmus (33%).
(38)

Increased energy use

Research by Da Silva published in 2007 reported that babies experienced malnutrition and growth disorders in VSD
because there was an increase of 40% of total energy expenditure (TEE). Meanwhile on resting energy expenditure
(REE) is also found in children with VSD. The difference between REE and TEE was 2.5 times higher in children
with VSD and this indicates that energy during activity was higher. The body composition of acyanotic CHD children
has a thinner body mass. This is due to low calorie intake and greater energy expenditure, so as a consequence there
is little energy available to store fat. The presentation of less body mass tends to increase basal metabolic rate, and if
not managed well it will worsen health status. (39)

Management of acyanotic CHD in general
WWw.ijrp.org
Medical therapy

Medical therapy for babies and children with malnutrition and failure to thrive in relation to acyanotic CHD is
generally aimed at reducing symptoms due to heart failure. The use of digitalis will improve heart contractility,
diuretics will reduce preload and vasodilators will reduce afterload so that hemodynamics improves. Better
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Interventional therapy for acyanotic CHD

Duct closure is indicated in symptomatic PDA with significant left-to-right shunt. In asymptomatic PDA with a
significant left-to-right shunt causing cardiac enlargement, closure is aimed at minimizing the risk of complications.
The transcatheter method has become the main choice in the management of PDA, its advantages are a high success
rate, reduced length of stay, and low morbidity rates compared to surgery. (41)

Venticular septal defect (VSD) can be corrected by catheterization heart surgery with a success rate that can be said
to be the same as heart surgery, but with much lighter risks. Closure using this method is ideally carried out at the age
of 1-2 years or the child's weight is at least 8 kg. The advantages of this procedure compared to surgery include a
relatively short length of stay, the patient avoids having to use a heart lung machine, avoids complications from
thoracotomy, and cosmetically it is better without any scar tissue from the incision on the patient's chest. (42)

Research conducted by Ghaderian et al in 2012-2013 in Iran concluded that cardiac catheterization is a safe and
effective procedure without serious mortality or morbidity rates. (43) Improvements in nutritional status are also due
to improvements in hemodynamics after defect closure. Reduced intake due to heart failure and recurrent respiratory
tract infections which will improve after defect closure will also have an impact on improving nutritional status. In
univariate analysis, it was found that z-score before closure and age at closure were associated with an increase in z-
score 3 months after closure. (42)

Research conducted by Correia Martins et al concluded that accelerated growth in VSD patients who underwent defect
closure occurred 3-6 months after the procedure.44 Another study conducted by Manso et al in Brazil, of 68 patients
undergoing defect closure procedure scatch up growth BB/TB was found in 89% of patients. In this study, catch up
growth from undernutrition at the start of observation to good nutrition at evaluation 3-6 months after cardiac
catheterization was obtained in 10 children. (45)

Strategy for providing nutrition to children with congenital heart disease and malnutrition

To restore the nutritional condition of children who experience decreased caloric intake and increased energy
requirements, it is necessary to achieve catch-up growth as the ultimate goal of providing nutrition to children with
congenital heart disease and failure to thrive. (26)

How to feed children with congenital heart disease and malnutrition varies, depending on the degree of malnutrition
and the patient's age. Oral feeding is preferred if circumstances permit, however enteral and/or total parenteral feeding
may be necessary if there are appropriate indications. Oral administration of solid food can be started when the baby
is 4 to 6 months old. If food is given via a nasogastric tube, you can start by giving food with a density of 24kcal/30
ml at a speed of 1mg/ kgBB/hour continuously. Then the food density can be increased by 3-4 kcal/30 ml/day gradually
so that the number of calories you want to achieve is obtained. (46)

Post-operative nutritional support

After surgery is carried out, whether palliative or definitive, nutrition must be started immediately or no later than 48
hours after surgery. Total parenteral nutrition or parenteral nutrition via peripheral blood can be given to patients,
especially if the patient uses mechanical ventilation for a long period of time. If enteral nutrition cannot be provided
for more than one week, total parenteral nutrition via a central vein must be started immediately. (46)

Providing long-term total parenteral nutrition without stimulation of the cerebrospinal tract can result in small
intestinal atrophy, erosion of the cerebrospinal tract mucosa, increased bacterial translocation, and increased incidence
of morbidity and death. Giving food through a nasoduodenal tube can be a better option if after surgery it turns out
that it requires mechanical ventilation for a long period of time and cannot be given food orally. Providing this food
still allows the digestive tract to receive stimulation and is more physiological. (46)

Summary WWW.ijrp.org

Acyanotic congenital heart disease constitutes the largest proportion of all congenital heart diseases. Children with
acyanotic CHD require more nutrients than normal children. Malnutrition in children with CHD can increase morbidity
and mortality. There are multifactorial causes of malnutrition, such as congenital heart defects, inadequate calorie
intake, hypermetabolism, age at the time of surgery and increased energy consumption. Although the causes and
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