Contents lists available at Sciencelirex

e-SPEN, the European e-Journal of
Clinical Nutrition and Metabolism

journal homepage: http://www.elsevier.com/locate/cinu

Original Article

Effect of a high density formula on growth and safety in congenital heart
disease infants™

Akiko Taniguchi-Fukatsu ", Mio Matsuoka °, Teruyoshi Amagai "

@ Department of Nutrition and Dietetics, Hyogo Prefectural Kobe Children's Hospital, 1-1-1 Takakuradai, Suma, Kobe 654 0081, Japan
b Graduate School of Human Envire [ Sciences, Mukog Women's University, Japan

ARTICLE INFO
Article history: Background Ef' aims: lntanﬁ with congemtal heart dlsease (CHD) have elevated energy expendlture
Received 20 August 2010 however, they also have poor sucking and fluid restriction, which act as barriers to the delivery of
Accepted 15 October 2010 adequate nutrition. The objective of this study was to investigate the effects of a high density formula
(HDF) on safety, weight gain, and nutrient intake in CHD infants

SUMMARY

Keywords:

d . Methods: We conducted a retrospective analysis of 21 CHD infants, comparing between two 4-week
Congenital heart disease periods in which Lhe children were given a standard density formula (SDF; 0.67 kcalfml) and then a high
::;?:;:fl 5 density formula (HDF; 0.77-1.03 kcal/ml), respectively. In these children, we analyzed both safety
Weight gain parameters (serum creatinine, BUN, AST, ALT, and the frequencies of vomiting and diarrhea) and effecrive
Safety parameters (energy and protein intake, fluid volume, weight gain, and serum albumin).

Results: The mean concentration of formula in the HDF period was 1.21 times greater than that in the SDF
period. Energy and protein intake per body weight, weight gain, and serum albumin in the HDF period
were significantly higher than in the SDF period. There was no clinical evidence of any adverse effects
related to the HDF.
Conclusion: Use of an HDF formulation is able to safely increase nutrient intake and promote weight gain
in CHD infants. This nutritional formuiation could potentially prevent malnutrition and failure to thrive
in CHD infants.
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1. Intreduction

Infants with congenital heart disease (CHD) have higher energy
expenditures than normal infants, as a consequence of congestive
cardiac failure and pulmonary hypertension. Although these infants
require more nutrition than normal infants, they additionally
experience fluid restriction, which acts as an obstacle to the delivery
of adequate nutrition.' Owing to a combination of these factors, CHD
infants often develop malnutrition and failure to thrive.”

Several methods have been reported that aim to increase the
energy intake of infants. One such approach involves concentrating
the infant formula.” The advantage of this approach is that it is
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easy to practice, is inexpensive, and is able to increase Lhe intake
of protein and micronutrients. However, the efficacy and safety
of this formulation method in CHD infants have not been clearly
established.

The objectives of this retrospective study were to investigate the
feasibility of using a high density formula (HDF) in terms of safety
and to assess the effects of this type of formulation on energy and
protein intake and on body weight in CHD infants.

2. Subjects and methods
2.1. Subjects

CHD infants admitted to tlyogo Prefectural Kobe Children’s
Hospital, who received both standard and high density formulas
during their stay in the hospital between December 2006 and June
2009, were eligible for the study (Tab ¢ 1). The applicability of HDF
was left to the discretion of the cardiac surgeons or cardiologist
caring for the patients. Infants who were fed weaning food were
excluded. Ethical approval for this study was obtained from the
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Table 1

Subject demographics ®
n {F/M} 21(912)
Age fmoaths) 2625
Weight (kg) 36+14
Height for age (%} 93145
Weight for height (%) 788 83
Nasogastric tube feeding {n) 16

? Data are n or the mean + SD.

Research Ethics Board at Hyogo Prefectural Kobe Children’s
Hospital {Kobe, Japan).

2 2. Study design

A retrospective analysis was conducted to compare between
two 4-week periods in which the infants were given the standard
density formula (SDF) or HDF followed by SDF (fig. 7). During the
two periods, we analyzed the following parameters: the intake of
nutrients and fluids; weight gain; serum albumin; and adverse
effects on cardiac (heart rate, blood pressure), gastrointestinal (the
frequencies of defecation and vomiting), renal (blood urea nitrogen,
serum creatinine), and hepatic (serum aspartate aminotransferase,
alanine aminotransferase) functions.

2.3. Formulas

The standard infant formula available in Japan was used in the
two investigation periods. HDF was prepared from the standard
formula by using less water than recommended by the manufac-
turer, thereby proportionally concentrating all nutrients contained
in the feed. Compared with SDF (13% w/v), HDF (15% 20% w/v) was
1.15-1.54 times more concentrated (Table 7). The surgeons or
cardiologist determined the density of formula that was adequate
for the patients using the estimated energy requirement in healthy
infants (90 120 kcal/kg bodyweight ) as a guide, and tailored the
concentration of the formula by monitoring the degree of growth.

2.4. Statistical methods

Statistical analysis was performed using StatView 5.0 (SAS, Cary,
NC, USA). A paired t-test was used to determine whether statisti-
cally significant differences existed between the compared periods.
A P-value of 0.05 was considered significant. Data are presented as
the mean + SD.

3. Results

The mean concentration of formula used in the HDF period was
15.7% + 0.22% (80.9 « 1.13 kcal{100 ml).

There was no clinical evidence of any adverse effects related to
the HDF with respect to the indicators of cardiac, renal, and hepatic

SDF period =

HDF period
~ Standard aéa;ay's«onﬁmg’] High density

4 weeks |

The day of changing the formula’s concentration

Fig. 1. Study design of retrospective analysis
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Table 2
Composition of the two formulas.”
SDF HDF
13% 15.7% = 0.22%
Energy keal 670 80.9
Protein g 155 1.87
Far g 360 435
Carbohydrate g 723 8.73
Vitamin A ng 55 66
Vitamin B1 mg 0.052 Q0063
Vitamin C mg 78 94
Vitamin D Hg 09 11
Calcium mg 49 60
Phosphorus mg 27 33
Iron mg 091 1.1
Zinc mg 038 047
Sodium mg 18 22
Potassium mg 62 75
# per 100 ml.

b Percentage indicates weight per volume

functions. However, among the parameters of gastrointestinal
function, the frequency of defecations during the HDF period was
significantly lower compared with that in the SDF period (Taole 2).

The daily intake of energy and protein intake per body weight in
the HDF period were significantly higher than those in the SDF
period, although no significant difference was observed in the fluid
intake during the two periods (Fg. 7).

The amount of daily weight gain during the HDF period was
significantly higher than during the SDF period (20.1 = 14.2 g vs.
10.4 = 17.0 g). Further, the level of serum albumin in the HDF period
was significantly higher than that in the SDF period (Fig ).

4. Discussion

A high density formula could be used safely in CHD infants and
promoted growth resulting from an increase in nutrient intake.
Although the frequency of defecation in the HDF period was less
than that in the SDF period, adverse events such as abdominal
distension did not occur.

CHD infants often have symptoms—including vomiting,
gastroesophageal reflux, dysphagia, and respiratory distress—that
reduce nutrient intake. In this study, there was no adverse event
that might have warranted the discontinuance of HDF, and no
significant difference in the examined parameters of organ finction
between the two periods. Thus, the safety of this nutritional
formulation would appear to have been demonstrated.

it is known that CHD infants have poor weight gain, and, indeed,
the daily weight gain (10.4 + 17.0 g/day) in the SDF period tended to

Table 3
Parameters indicating adverse effects during the two investigation periods °
SDF period HDF period

Cardiac function
Heart rate (/min} 136 + 106 136 + 13.1
Systolic blood pressure {mmtig) 94 £ 69 5460
GCastrointestingi function
The frequency of defecation {jday) 29 = 1.7 20+ 09
The frequency of vomiting ({day} 01+02 01+04
Renal function
BUN (mg/dl) 143 £ 9.6 126+ 68
Creatinine (mg/dl) 028 +0.10 026+ 008
Hepatic funcdon
AST aum 33 - 14 39 % 21
ALT u) 22+ 13 31 +28

*P <« 0.05 vs the SDF period
* Data are the mean + SD
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Fig. 2. Nutrient and fluid infake in the two investigation periods n = 21 CHD infants.
Differences between the periods were determined using Student's t-test “Significantly
different from the SDF period, P < 005. SDF: Standard density formula, HDF; High
density formula,
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Fig. 3. Weight gain and serum albumin levels in the two investigation periods n 21
CHD infants. Differences between the periods were determined using Student’s t-test
“Significantly different from the SDF period, P < 0 05. SDF: Standard density formula,
HDF: High density formula

be lower than the ideal level of 20—30 g. However, the daily weight
gain (20.1 + 14.2 g/day) in the HDF period was closer to the ideal
status. Leite et al. reported that hypoalbuminemia is common
among children who have heart diseases and who are at high
surgical risk.f In the present study, levels of serum albumin were
higher in the HDF period than in the SDF period. There appeared to
be no effect of dehydration because the hematocrit value was not
significantly different between the HDF and SDF periods (data not
shown). Thus, the HDF could be considered to improve the nutri-
tional status of CHD infants from the aspects of increased weight
gain and elevated serum albumin levels.

infants who do not receive a sufficient volume of formula
because of fluid restriction and feeding difficulties also have defi-
ciencies in protein, vitamins, and minerals. Clarke et al. suggested
that increasing the energy content of normal infant formula
without concosnitant increments of protein and micronutrients

should not be practiced in infants with faltering growth.® Although
the methods designed to increase energy intake by adding carbo-
hydrate or fat supplements to formulas do not increase protein,
vitamins, and minerals,'” the HDF described in the present study
can increase the intake of macro- and micronutrient proportion-
ately. Additionally, the HDF is a practical method that ensures
compliance in outpatients undergoing dietary treatment because
the formula is inexpensive and easy to prepare.

5. Conclusion

The high density formula described in this study is safely able to
increase nutrient intake and to promote weight gain in CHD infants.
This nutritional formulation could therefore potentially prevent
malnutrition and failure to thrive in CHD infants.
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