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Hypertension in Children with Acyanotic Congenital Heart 
Disease
Audylia Hartono1, Mahrus A. Rahman1,*, Budi Utomo2

INTRODUCTION
In children with acyanotic CHD, PAH is a 
pulmonary vascular disease that causes severe 
morbidity and mortality. It is a problem for 
clinicians to manage as part of CHD management. 
Cardiovascular surgery and catheterization to 
repair the underlying anatomic defect are the 
definitive treatments for PAH caused by CHD. 
Due to inadequate resources for cardiac surgery 
and catheterization, managing PAH in developing 
countries remains difficult. Thus, pharmacological 
therapy is essential to reduce the mortality and 
morbidity of the disease.1

According to the National Registries of the United 
Kingdom, the incidence of PAH is.48 percent per 1 
million children each year. In cases of CHD, 4-15 
percent progress to PAH, and 5-10% progress to 
Eisenmenger's syndrome.2 The Registry to Evaluate 
Early and Long-Term PAH (REVEAL) estimates a 
survival rate of 1.3, and the 5-year survival rate in 
PAH patients is predicted to be 96 +/- 4%, 84 +/- 
5%, and 74 +/- 6%. Survival rates were significantly 
worse in CHD without shunts and in PAH that 
persisted after surgery.3

PAH etiology is characterized by two mechanisms: 
vasoconstriction and pulmonary vascular 
remodeling. In individuals with left-to-right shunt 

CHD, increasing flow and pressure to the pulmonary 
blood arteries decreases vasodilators such as NO-
cGMP and prostacyclin (PGI2) while boosting 
vasoconstrictors such as endothelin (ET-1), Rho 
GTPases, and thromboxane. Endothelial damage 
promotes matrix metalloproteinase breakdown and 
the release of FGF and TGF-1. These factors cause 
smooth muscle cell hypertrophy and proliferation. 
Endothelial injury also activates pro-inflammatory 
cytokines and macrophages (e.g., IL-6, IL-1b, MCP-
1, and TNF-a), which promote remodeling and the 
creation of the neointima layer. As a result, effective 
pharmacological therapy of PAH CHD must include 
vasodilators as well as anti-remodeling medicines.4

Currently, the standard pharmacological therapy for 
children with PAH CHD in Indonesia is a class of 
medications known as phosphodiesterase-5 [PDE-5] 
inhibitors (sildenafil), which acts as a vasodilator in 
the pulmonary arteries. As a result, anti-remodeling 
medicines that work in tandem with vasodilators to 
achieve appropriate pulmonary vascular pressure are 
still required.5

Pomegranate has been demonstrated in studies to 
be an anti-inflammatory and anti-proliferative agent 
that can lower oxidative stress, lipid peroxidase, and 
foam cell formation.6 According to Rahman MA's 
2016 research, pomegranate extract showed an anti-
remodeling impact by decreasing the advancement 
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of fibrosis in the tunica adventitia of the pulmonary arteries in PAH 
model rats by inhibiting the expression of TGF-1, type I collagen, and 
an increase in the MMP-1 /TIMP-1 ratio.7 Previous research on the 
use of pomegranate extract in the treatment of PAH CHD was still 
in the process of proving its efficacy in an animal model. However, 
additional research is needed to assess the effect of pomegranate extract 
supplementation as a therapy for PAH CHD in children.

METHODS
This study was a double-blind and randomized controlled trial with 
a pre-and post-test control group, which compared the clinical 
manifestation of PAH in children with acyanotic CHD who received 
sildenafil and supplementation of pomegranate extract. The samples 
were children aged one month to 10 years old with PAH CHD at Dr. 
Soetomo General Hospital’s Pediatric Cardiology Outpatient Clinic 
from February 2022 to October 2022. The Health Research Ethics 
Committee of Dr. Soetomo General Hospital Surabaya approved this 
research with ethics certificate 0353/KEPK/I/2022.

Selection of participants
The inclusion criteria were children aged one month to 10 years with 
CHD with left-to-right shunts (ASD, VSD, PDA, or a combination) 
who received standard therapy for PAH and parents with completed 
consent forms. The exclusion criteria included those who had undergone 
heart surgery or catheterization, those with chronic lung parenchymal 
disease, autoimmune diseases, impaired thyroid function, connective 
tissue diseases, chromosomal abnormalities, neuromuscular disorders, 
and those who could not be contacted to come during the observation.

Pomegranate
The pomegranate extract used in this study resulted from the whole 
pomegranate fruit (Punica granatum L), which contains 40 percent 

ellagic acid. The dose was 120 mg/kg/day with an ellagic acid content 
of 48 mg/kg/day.7,11-13

Intervention and measurement
Patients who fulfilled the requirements criteria completed the informed 
consent and had measurements of their height, weight, systolic blood 
pressure, pulse, respiratory rate, peripheral oxygen saturation, and 
echocardiogram to determine the estimated PAP. Afterward, patients 
were randomly assigned to the pomegranate or placebo groups. We 
gave sildenafil 0.5-2mg/kg/dose 3-4 times daily and 120 mg/kg/day of 
pomegranate extract to the patients in the intervention group. Sildenafil 
and placebo capsules were given to patients in the control group. After 
three months of observation, evaluations of body weight, systolic blood 
pressure, heart rate, respiratory rate, peripheral oxygen saturation, and 
echocardiographic examination were carried out. The measurements 
were carried out blindly without knowing whether the study subjects 
were included in the intervention or control groups.

Statistical analysis
The Kolmogorov-Smirnov test was used to determine the normality 
of all data. The Wilcoxon statistical test was used to compare changes 
before and after treatment in each test group. The Mann-Whitney test 
was used to compare the clinical symptoms of the intervention and 
control groups. The Spearman correlation test was used to assess the 
relationship between clinical manifestation of PAH and functional 
classification of PAH.

RESULTS
Of the forty patients who met the inclusion criteria during the study 
period, only 30 completed the post-test evaluation at the end of the 
research. Four patients in the intervention group and three in the control 
group were excluded because these patients had heart defects closed.

Figure 1: Research flowchart.
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Table 1 shows that there were no significant differences in the age range, 
gender proportion, nutritional status, mean systolic blood pressure, 
heart rate, respiratory rate, peripheral oxygen saturation, type of heart 
defect, and size of heart defect, as well as severity degree of PAH in both 
test groups before the intervention with a p > 0.05.

Table 2 compares echocardiographic features, decreasing PAP, and 
functional classification of PAH before and after three months of 
intervention. This study showed no significant difference in pre-
test and post-test PAP reduction (p = 0.44). There was no significant 
difference in the functional classification of PAH between the study 
subjects who received standard therapy and pomegranate compared to 
those who received standard therapy and placebo (p = 0.55).

Table 3 compares changes in clinical manifestations, including body 
weight, systolic blood pressure, heart rate, respiratory rate, and oxygen 
saturation, in both test groups. In this table, there was a significant 
increase in the body weight of the research subjects in the pomegranate 
group (p = 0.012) and the placebo group (p = 0.005). This table also 
shows a significant decrease in the average respiratory rate in the 
pomegranate group (p = 0.017). In contrast, in the placebo group, 
there was no significant decrease in the average respiratory rate (p = 
0.361). Respiratory rate was positively correlated with the functional 
classification of PAH (p = 0.011).

Out of fifteen study samples, no side effects occurred in the placebo 
group during the three months of observation. In the pomegranate group, out of fifteen study samples, one patient was found with 

complaints of diarrhea, and two patients complained of vomiting 
during the first month of the study. In the three patients, dosage 
adjustments and medication schedules were adjusted to minimize 
side effects. No severe complication of pomegranate supplementation, 
including hypotension, was reported in this study.

DISCUSSION
There was no significant difference in pre-test and post-test PAP 
reduction between the pomegranate and placebo groups. Moreover, 
there was no significant difference in the functional classification of 
PAH after three months of pomegranate supplementation.

Pomegranate was proven by Shao et al. to produce pulmonary vascular 
vasodilation by raising levels of acetylcholine acting on endothelial 
receptors and correcting endothelial dysfunction via the NO-cGMP 
signaling pathway. This study also showed that punicalagin exhibited 
antioxidant and anti-inflammatory properties, as seen by lower levels 
of MMP-9, TNF-a, and VEGF.14 Previous research revealed that 
pomegranate could decrease the fibrosis process that occurs in the 
right ventricle and pulmonary arteries during PAH.7 According to 
Rahman MA’s study, pomegranate extract could slow the advancement 
of fibrosis in the tunica adventitia of the pulmonary arteries in PAH 
model rats by inhibiting the expression of TGF-1, type I collagen, and 
increasing the MMP-1/TIMP-1 ratio.13,21

The average age in this study was 4.5 years old. According to Egito et 
al.', which included 26 children with PAH who underwent open lung 
biopsy as well as intracardiac defect closure surgery, patients who had 
thickening of the tunica media consisting of vascular smooth muscle 
cells, as well as thickening Collagen layer in the tunica adventitia, had 
persistent PAH after surgical closure of the defect. The thickening of 
this tunica media and adventitia were indicators of an irreversible state 
in pulmonary vascular remodeling. Collagen layer thickening in the 
tunica adventitia was discovered as early as 12 months of life and was 
most common in patients aged two years. The likelihood of irreversible 
tunica media and pulmonary vascular adventitia remodeling increases 
with age.9

In this trial, the pomegranate and sildenafil intervention lasted three 
months. In 2014, Barst et al. conducted a research on children aged 

Pomegranate
n (%)

Placebo
n (%) p

Age
 0-5 months 1 (6.7) 1 (6.7) 0.29
 6-11 months 1 (6.7) 2 (13.3)
 1-2 years 2 (13.3) 3 (20)
 <2 – 5 years 4 (26.7) 5 (33.3)
 >5 – 10 years 7 (46.7) 4 (26.7)
 Mean age 4.86 4.12 0.91
Gender
 Male 7 (46.7) 7 (46.7) 1
 Female 8 (53.3) 8 (53.3)
Nutritional status
 Normal 4(26.7) 8(53.5) 0.91
 Moderate malnutrition 11(73.3) 2(13.3)
 Severe malnutrition 0(.0) 5(33.3)
Systolic blood pressure (mmHg) 85.4 ± 6.8 87.47 ± 14.0 0.61
Heart rate (x/minutes) 113.4 ±18.1 104.1 ± 17.1 0.16
Respiratory rate (x/minutes) 31.6 (20-60) 32 (20-60) 0.98
Oxygen saturation (%) 98 (86-99) 98 (90-99) 0.52
Type of congenital heart defect
 ASD 4 (26.7) 5 (33.3) 0.81
 VSD 7 (46.7) 6 (40.0)
 PDA 2 (13.3) 2 (13.3)
 ASD + VSD 0 (0.0) 1 (6.7)
 ASD + PDA 2 (13.3) 0 (.0)
 VSD + PDA 0 (.0) 0 (.0)
 ASD + VSD + PDA 0 (.0) 1 (6.7)
Size of the heart defect
 Small 2 (13.3) 1 (6.7) 0.87
 Moderate 5 (33.3) 6 (40.0)
 Large
Degree of PAH
 Mild
 Moderate
 Severe

8(53.3)

7(46.7)
2(13.3)
6(40)

8(53.3)

1 (6.7)
5 (33.3)
9(60)

0.078

Table 1: The characteristic of the participants.

Pomegranate
n (%)

Placebo
n (%)

p

Degree of PAH
 Normal 3 (20.0) 3 (20) 0.25
 Mild 5 (33.3) 1 (6.7)
 Moderate 3 (20.0) 4 (26.7)
 Severe

Change in degree of PAH
 Improved
 Not improved

3(26.7)

5(33.3)
10(66.7)

7 (53.3)

7(46.7)
8(53.3)

0.71

Reduction of PAP (mmHg) -12.02± 32 -14 ±19.46 0.44
Functional classification of PAH
 I 4 (26.7) 6 (40) 0.55
 II 9 (60.0) 7 (46.7)
 IIIa 2 (13.3) 2 (13.3)
 IIIb

Change in functional classification 
of PAH
 Improved
 Not improved

0 (.0)

3(20)
12(80)

0 (.0)

2(13.3)
13(86.7)

1

Table 2: Comparison of the effect of pomegranate supplementation vs 
placebo.
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Pomegranate Placebo
Pre-test Post-test p Pre-test Post-test p

Body weight (kg) 14.6 ± 8.5 15.5 ± 8.3 0.012 11.9 ± 7.3 12.5 ± 7.1 0.005
Systolic blood pressure (mmHg) 85 (71-97) 88 (74-119) 0.308 87 (67-115) 90 (70-120) 0.335
Heart rate (x/minute) 110 (92-150) 110 (84-144) 0.77 110 (76-130) 98 (60-140) 0.353
Respiratory rate (x/minute) 31.6 ± 9.8 28.3 ± 5.8 0.017 32.4 ± 10.8 29.9 ± 7.7 0.361
Oxygen saturation (%) 96.8 ± 3 94.4 ± 8 0.86 97.4 ± 3.3 96.8 ± 5 0.529

Table 3: Comparison of clinical manifestation after pomegranate supplementation vs. placebo.

p
Body weight 0.055
Systolic blood pressure 0.182
Heart rate 0.504
Respiratory rate 0.011
Oxygen saturation 0.97
Side effect 0.681

Table 4: Correlation analysis of clinical manifestation of PAH and 
functional classification of PAH.

1-17 years with PAH, demonstrating that sildenafil successfully reduced 
PAP after 16 weeks of sildenafil medication. Clinical improvement 
and exercise capacity, on the other hand, improved within 12 months 
of treatment.15 Pomegranate extract was administered to male 
Sprague-Dawley rats for two weeks in previous studies to establish a 
vasculoprotective effect.7,11,12,16 According to Sengupta's prior research 
from 2013, one year in human life was nearly similar to two weeks in 
mouse life (13.8 days).17 Based on this literature, it could be concluded 
that in human research subjects, pomegranate extract showed a 
vasculoprotective effect after administration for one year.

This study showed a significant decrease in respiratory rate after 
administering pomegranate extract compared to the respiratory rate 
in the placebo group. From the correlation test analysis, the respiratory 
rate was positively correlated with the functional classification of 
pulmonary hypertension, which means that the higher the respiratory 
rate in the study subjects, the more severe the functional classification 
of PAH.

The standard therapy for pulmonary arterial hypertension, the 
phosphodiesterase-5 [PDE-5] inhibitor class (sildenafil), acted as a 
vasodilator in the pulmonary vessels. Pomegranate extract had the 
potential to act as an anti-inflammatory and anti-proliferative agent 
by lowering oxidative stress, lipid peroxidase, and the development 
of foam cells, all of which functioned as anti-remodeling agents. 
Pomegranate extract supplementation may improve the efficacy of 
PAH management. Pomegranate and sildenafil may work together to 
reduce PAP. In comparison to the group receiving standard therapy 
and placebo, the group receiving standard therapy plus pomegranate 
supplementation had a superior functional classification of PAH.6,19,22

This was the first study to investigate at the effect of pomegranate 
supplementation on pediatric patients with PAH caused by acyanotic 
CHD. After three months of pomegranate consumption, there 
were no serious side effects such as hypotension or anaphylaxis. 
There was no prior evidence on the combination of anti-failure 
medicines and standard therapy for pulmonary arterial hypertension 
with pomegranate supplements that could be utilized to provide 
information about the rules for using these drugs. More research 
with age grouping, frequency of administration, dosage, and longer 
duration of pomegranate supplementation is required to provide data 
on the proper dose and duration of pomegranate administration in 
children to achieve the desired anti-remodeling effect. More research is 
also needed to investigate the interaction of pomegranate extract with 
sildenafil and other anti-failure medicines taken by study participants.

CONCLUSION
A significant reduction in the respiratory rate in the pomegranate group 
is correlated with the functional classification of PAH in children with 
PAH caused by acyanotic CHD. There are no severe side effects, such 
as hypotension or anaphylaxis, after consuming pomegranate for three 
months.

REGISTRATION
This research has been reviewed and approved by the Thai Clinical Trials 
Registry (TCTR) with the identification number: TCTR20221006005. 
The entire clinical trial protocol can be accessed at http://www.
thaiclinicaltrials.org/show/TCTR20221006005

ACKNOWLEDGMENTS 
The authors express their gratitude to Dr. Muhammad Faizi, Head 
of the Department of Child Health, Dr. Joni Wahyuhadi, Director of 
Dr. Soetomo General Academic Teaching Hospital, Surabaya, and 
Professor Doctor Budi Santoso, Dean of the Faculty of Medicine, 
Universitas Airlangga. We appreciate the help of nurses and our 
supervisors during the research period. We also want to thank our 
colleagues and the pediatric residents for supporting our efforts to 
gather the data.

DISCLOSURE
The author reports no conflicts of interest in this work.

REFERENCES
1. Hopper RK, Abman SH, Ivy DD. Persistent Challenges in Pediatric 

Pulmonary Hypertension. Chest. 2016;150(1):226-36.

2. Ivy D. Pulmonary Hypertension in Children. Cardiol Clin. 
2016;34(4):451-72.

3. Duffels MGJ, Engelfriet PM, Berger RMF, van Loon RLE, 
Hoendermis E, Vriend JWJ, et al. Pulmonary arterial hypertension 
in congenital heart disease: An epidemiologic perspective from a 
Dutch registry. Int J Cardiol. 2007;120(2):198-204. 

4. Van Der Feen DE, Bartelds B, De Boer RA, Berger RMF. Assessment 
of reversibility in pulmonary arterial hypertension and congenital 
heart disease. Heart. 2019;105(4):276-82. 

5. Benedict N, Seybert A, Mathier MA, Benedict N. Evidence-Based 
Pharmacologic Management of Pulmonary Arterial Hypertension. 
Clin Ther. 2007;29(10):2134-53. 

6. Wang D, özen C, Abu-Reidah IM, Chigurupati S, Patra JK, 
Horbanczuk JO, et al. Vasculoprotective effects of pomegranate 
(Punica granatum L.). Front Pharmacol. 2018;9:544. 

7. Hidayat T, Ontoseno T, A. Rahman M, Utamayasa IKA. Peran MMP-
1, TIMP-1, rasio MMP-1 TIMP-1 dan kolagen pada hambatan fibrosis 
otot jatung ventrikel kanan hewan coba model hipertensi arteri 
pulmonal yang mendapatkan ekstrak buah delima (Punica granatum 
L). Univ Airlangga, Surabaya. 2018;2017. 

8. Hansmann G, Koestenberger M, Alastalo TP, Apitz C, Austin 
ED, Bonnet D, et al. 2019 updated consensus statement on the 

http://www.thaiclinicaltrials.org/show/TCTR20221006005
http://www.thaiclinicaltrials.org/show/TCTR20221006005


1065 Pharmacognosy Journal, Vol 14, Issue 6 (Suppl), Nov-Dec, 2022

Hartono A, et al.: Effects of Pomegranate Extract Supplementation (Punica granatum L.) on Clinical Manifestations of Pulmonary Arterial Hypertension in Children 
with Acyanotic Congenital Heart Disease

diagnosis and treatment of pediatric pulmonary hypertension: 
The European Pediatric Pulmonary Vascular Disease Network 
(EPPVDN), endorsed by AEPC, ESPR and ISHLT. J Hear Lung 
Transplant. 2019;38(9):879-901. 

9. Egito EST, Aiello VD, Bosisio IBJ, Lichtenfels AJ, Horta ALM, 
Saldiva PHN, et al. Vascular remodelling process in reversibility 
of pulmonary arterial hypertension secondary to congenital heart 
disease. Pathol Res Pract. 2003;199(8):521-32. 

10. Lasmono SF, Rahman MA, Ontoseno T. Efikasi Dan Safety Beraprost 
Dalam Menurunkan Tekanan Arteri Pulmonalis Pada Hipertensi 
Arteri Pulmonalis Terkait Penyakit Jantung Bawaan Pirau Kiri Ke 
Kanan. Tesis. 2018.

11. Rais R, Budiono A, Ontoseno T, A. Rahman M, Utamayasa IKA. 
Pengaruh ekstrak buah delima terhadap ekspresi endotelin A, 
p38-mitogen activated protein kinase, dan penebalan otot polos 
arteri pulmonalis pada tikus model hipertensi arteri pulmonal. Univ 
Airlangga, Surabaya. 2003;1-21. 

12. Pramudiawan IB, Ontoseno T, Rahman MA, Utamayasa IKA, Hidayat 
T, Budiono. Ekspresi Tgf-Β1 Dan Kolagen Tipe I Pada Ventrikel Kanan 
Tikus Model Hipertensi Arteri Pulmonal Yang Mendapat Ekstrak 
Buah Delima. 2016;7-43. 

13. Pramudiawan, Bondan I, Hidayat, Taufiq, Utamayasa, Alit IK, et 
al. Ekspresi Tgf-Β1 Dan Kolagen Tipe I Pada Ventrikel Kanan Tikus 
Model Hipertensi Arteri Pulmonal Yang Mendapat Ekstrak Buah 
Delima. Univ Airlangga, Surabaya. 2016;7-43. 

14. Shao J, Wang P, Liu A, Du X, Bai J, Chen M. Punicalagin Prevents 
Hypoxic Pulmonary Hypertension via Antioxidant Effects in Rats. 
Am J Chinese Med. 2016;44(4):1-17. 

15. Barst RJ, Ivy DD, Gaitan G, Szatmari A, Rudzinski A, Garcia AE, et al. 
A randomized, double-blind, placebo-controlled, dose-ranging study 
of oral sildenafil citrate in treatment-naive children with pulmonary 
arterial hypertension. Circulation. 2012;125(2):324-34. 

16. Putri CG, Ontoseno T, A. Rahman M, Ganesha, Citra, Taufiq, et al. 
Pengaruh ekstrak buah delima terhadap ekspresi endothelin-1, 
inducible nitric oxide synthase dan ketebalan otot polos pada tunika 
media arteri pulmonalis. Univ Airlangga, Surabaya. 2019;1-157. 

17. Sengupta P. The laboratory rat: Relating its age with human’s. Int J 
Prev Med. 2013;4(6):624-30. 

18. Viladomiu M, Hontecillas R, Lu P, Bassaganya-Riera J. Preventive 
and prophylactic mechanisms of action of pomegranate bioactive 
constituents. Evidence-based Complement Altern Med. 
2013;2013:789764. 

19. Barst RJ, Beghetti M, Pulido T, Layton G, Konourina I, Zhang M, et 
al. STARTS-2: Long-term survival with oral sildenafil monotherapy 
in treatment-naive pediatric pulmonary arterial hypertension. 
Circulation. 2014;129(19):1914-23. 

20. Paller CJ, Ye X, Wozniak PJ, Gillespie BK, Sieber PR, Greengold 
RH, et al. A randomized phase II study of pomegranate extract for 
men with rising PSA following initial therapy for localized prostate 
cancer. Prostate Cancer Prostatic Dis. 2013;16(1):50-5.

21. Hidayat T, Utamayasa IK, Rahman MA. Effects of Pomegranate 
Extracts on MMP-1, TIMP-1, MMP-1/TIMP-1 Ratio, and Type I 
Collagen to Inhibit Right Ventricular Fibrosis in Animal Models. 
Carpathian Journal of Food Science and Technology. 2019; 11: 78-82.

22. Lasmono SF, Rahman MA, Utamayasa MA. Beraprost as initial 
pharmacologic treatment for pulmonary hypertension related to left 
to right shunt congenital heart disease. Current Pediatric Research. 
2021; 25 :347-349.

GRAPHICAL ABSTRACT



1066

Hartono A, et al.: Effects of Pomegranate Extract Supplementation (Punica granatum L.) on Clinical Manifestations of Pulmonary Arterial Hypertension in Children 
with Acyanotic Congenital Heart Disease

Pharmacognosy Journal, Vol 14, Issue 6 (Suppl), Nov-Dec, 2022

Audylia Hartono is a pediatric resident of Department of Child Health, Faculty of Medicine, 
Dr. Soetomo General Academic Teaching Hospital, Surabaya. Research interest in pediatric 
cardiology, pediatric congenital heart disease, and pediatric pulmonary hypertension.

Dr. Mahrus A. Rahman, dr., Sp.A(K) is a lecturer and staff at the Pediatric Cardiology Department, 
Faculty of Medicine, Universitas Airlangga, Surabaya, Indonesia. He completed a Bachelor of 
Medical Doctor at Universitas Airlangga back in 1987. He continued his studies in the Pediatric 
Department, Faculty of Medicine, Universitas Airlangga, graduating in 1995. After that, he 
took a fellowship training in Pediatric Cardiology at UN Malaysia in 2001. In 2005, he took a 
consultant in pediatric cardiology at the Faculty of Medicine, Universitas Indonesia. He earned 
his doctorate degree in 2016. 

Dr. dr. Budi Utomo, MPH is a staff at Department of Public Health - Preventive Medicine, 
Universitas Airlangga, Surabaya, East Java, Indonesia.

ABOUT AUTHORS

Cite this article: Hartono A, Rahman MA, Utomo B. Effects of Pomegranate Extract Supplementation (Punica granatum L.) on 
Clinical Manifestations of Pulmonary Arterial Hypertension in Children with Acyanotic Congenital Heart Disease. Pharmacogn J. 
2022;14(6)Suppl: 1061-1066.


	Title
	Abstract

