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Abstract: 

Introduction:  Babies of diabetic mothers (IDM) have a higher chance of congenital defects. Transposition 

of great arteries, aortic stenosis and ventricular septal defect are the three most common cardiac defects in 

IDMs.  

Aim of the study: Estimating the incidence of infants with cardiac abnormalities whose mothers have 

diabetes in Fayoum University Hospital. 

Subjects and Methods: The research used a case-control methodology. By using the exclusion criteria, 

newborns with chromosomal abnormalities, all births from diabetic moms who managed their diabetes well 

or poorly were compared to healthy births from non-diabetic mothers. Delivery data from February to 

September of 2023 was used in the analysis. Data were gathered at Fayoum University Hospital through chart 

review utilizing the Best-Care system. The statistical analysis was conducted using Statistical Package for the 

Social Sciences (SPSS) version 20. 

Results: There was a statistically significant greater percentage of cardiac anomalies in both groups I and II 

in comparison to group III but no distinction among both groups I, and II in cardiac anomalies (p <0.05). In 

contrast, there wasn’t statistically significant variation with (p >0.05) as regards types of cardiac anomalies 

between the three study groups. 

Conclusions: In this case-control study, 61.1% of newborns whose moms were included had heart 

abnormalities. PFO was the most common echocardiographic abnormality seen in diabetic newborns. 

Mothers with poorly managed diabetes had a greater risk of heart abnormalities. 
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1. Introduction 

The leading global cause of death 

and morbidity is cardiovascular disease 

(CVD) [1]. In contrast to recent decades, 

when the prevalence of cardiovascular 

disease among kids and adolescents has 

risen, occurrence and mortality rates have 

reduced in many nations [2, 3]. 

Lifetime variability exists among 

cardiovascular disease risk factors, and the 

etiology of early-onset cardiovascular 

disease may be distinct from that of 

cardiovascular disease that develops later in 

life [4].  

Obesity, heart defects, and offspring 

diabetes have also been linked to prenatal 

vulnerability to mother diabetes. A higher 

chance of CVD later in life may result from 

these illnesses [5]. Although the exact 

mechanism underlying this altered gene 

expression is unknown, experimental 

research indicates that early-stage 

hyperglycemia may modify the expression 

of genes in key developing cardiac cellular 

components, specifically the outflow regions 

of the embryonic heart [6, 7].  

An estimate indicated that 5.4 out of 

every 1000 newborns worldwide are 

estimated to have serious heart defects each 

year [8]. Although the exact cause is 

uncertain, several genetic and/or 

environmental variables may be involved 

[9].  Risk factors include, but are not limited 

to, advanced maternal age, vitamin 

deficiencies, phenylketonuria, folic acid 

insufficiency, rubella virus, maternal 

diabetes mellitus, influenza, and febrile 

illness [10]. Numerous researches have 

demonstrated a robust correlation between 

maternal diabetes, congenital cardiac 

malformations, and patterns of COVID-19 

viral pneumonia in CT scans as well as 

HRCT chest [4–10].  

This study's objectives were to 

evaluate the occurrence of infants with 

cardiac anomalies due to the strong evidence 

that supports the link between maternal 

diabetes and cardiac anomalies, as well as 

the paucity of studies in Egypt regarding the 

significant effects of cardiac anomalies on 

patients, families, communities, and the 

nation's finances. Furthermore, the work 

aimed to correlate and compare HRCT chest 

findings and the severity of the clinical 

condition of coronavirus disease. 
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2. Subjects & Methods 

2.1. Subjects 

The present study involved fifty-four 

neonates, of both sexes, who were born to 

diabetic mothers. The infants were 

categorized into three groups: group I 

comprised eighteen neonates whose mothers 

had well-controlled diabetes (HbA1c levels 

were below seven), group II comprised 

eighteen neonates whose mothers had poorly 

controlled diabetes (HbA1c levels were 

above seven), and group III served as the 

control group. Eighteen infants from 

healthy, mother’s non-diabetic comprise this 

sample. A case-control study was performed 

from February to September 2023 in the 

pediatrics department's neonatology 

and cardiology units at Fayoum University 

Hospital in Fayoum, Egypt. 

Inclusion criteria 

Neonates of Both genders, who had 

diabetic mothers were included. 

Exclusion criteria 

Neonates with chromosomal 

abnormalities were excluded. 

2.2. Study design 

A full history was obtained for each 

case, which involved factors such as mode 

of birth, gestational age, NICU 

hospitalization history, 

type of maternal diabetes, history of 

jaundice, maternal illnesses other than 

diabetes, and respiratory distress.  

Vital signs and main anthropometric 

measurements, such as recumbent length, 

weight, and head circumference, were all 

included in the whole general assessment. 

The systemic examination comprised chest, 

heart, abdominal, and neurological exams.  

The laboratory workup included 

studies to determine the glycemic status of 

IDM moms, as well as Imaging 

investigations, including tissue Doppler 

imaging and conventional 

echocardiography, which are typically 

performed within the initial week of life. 

A General Electric Vivid five-color 

Doppler US system was utilized to carry out 

the echocardiography., which was equipped 

with transducers running at 3.75 MHz or 5 

MHz, depending on the age of the infant or 

child. A comprehensive echocardiographic 

test to rule out the possibility of congenital 

heart disease, with a focus on RV 
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dimensions, global function, LV internal 

dimensions, and LV ejection percentage. 

Employing conventional echo-

cardiography with the parasternal long axis 

as the typical transthoracic aperture. In 

cardiac M mode, the transducer recorded 

LVESD, LVEDD, LVPW, and EF. The 

mean value was computed by averaging the 

A) wave velocity and transmittal E wave 

velocity (E) by pulsed wave Doppler 

imaging. The data was collected from an 

apical four-chamber view of the mitral 

septal leaflet. Many research investigations 

have established a significant correlation 

between maternal diabetes and infant 

cardiac abnormalities [4-10]. 

2.3. Statistical Methods 

Statistical Package for the Social 

Sciences (SPSS) software, version twenty-

two, was utilized on Windows 7 to do an 

analysis of information. 

3. Results 

Table 1 illustrated that there wasn’t 

a statistically significant variance in the 

demographic characteristics between distinct 

research groups (p > 0.05). Table 2 

demonstrated that there wasn’t a statistically 

significant distinction (p > 0.05) among 

research groups as regards gestational age 

and mode of delivery.

         

Table 1: Comparisons of demographic differences between distinct research groups. 

Variables 

Group I EDMs 

(well controlled) 

(N= 18) 

Group II EDMs 

(poorly controlled) 

(N= 18) 

Group III  

(healthy END Ms) 

(N= 18) 

P-value 

Age (years) 5.7S ±0.S1 6.06 ±1.1 6.28 ±0.83 0.27 

Sex 

Female 7 (38.9%) 12 (66.7%) 6 (33.3%) 

0.09 

Male 11 (61.1%) 6 (33.3%) 12 (66.7%) 
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Table 2: Comparisons of gestational characteristics in distinct groups of research. 

Variables 

Group I EDMs 

(well controlled) 

(N= 18) 

Group II EDMs 

(poorly controlled) 

(N= 18) 

Group III 

(healthy END 

Ms) 

(N= 18) 

P-

value 

Gestational age (weeks) 37.9 ±0.83 38.1 ±0.64 38.5 ±0.92 0.11 

Mode of delivery 

Vaginal 1 (5.6%) 1 (5.6%) 2 (11.1%) 

0.76 

CS 17 (94.4%) 17 (94.4%) 16 (88.9%) 

 

Table 3 shows that there was a 

statistically significant greater level of 

HBA1c% level (p <0.001) in group II 

(uncontrolled diabetic mothers). In contrast, 

there wasn’t a statistically significant 

distinction regarding types of diabetes (p 

>0.05) (Table 3). 

 

Table 2: Comparisons of demographic characters in distinct patient groups. 

Variables 

Group I EDMs 

(well controlled) 

(N= 18) 

Group II EDMs 

(poorly controlled) 

(N= 18) 

P-value 

HBAlc (%) 6.37 ±0.67 7.73 ±0.74 <0.001* 

Type of maternal 

diabetes 

Type one 0 (0%) 1 (5.6%) 

0.14 Type two 2 (11.1%) 6 (33.3%) 

Gestational 16 (88.9%) 11 (61.1%) 
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Table 4 demonstrated that there was 

a statistically significant variance in 

(LVIDd, IVSd, IVSs, and LVID) levels 

among groups I and III and groups II and III 

(p <0.05), but no variance among groups I 

and II. As regards ESPAP level; there was a 

statistically significant distinction (p <0.01) 

between groups II and III with a greater 

mean amongst group II. Conversely, there 

wasn’t a statistically significant distinction 

regarding other echo findings between the 

three study groups (p >0.05). 

 

Table 4: Comparisons of Echo results in various research groups. 

Variables 

Group I EDMs 

(well controlled) 

(N= 18) 

Group II EDMs 

(poorly controlled) 

(N= 18) 

Group III 

(healthy END Ms) 

(N= 18) 

P-value 

IVSd (cm) 0.66 ±0.18 0.65 ±0.12 0.53 ±0.06 

0.9
a
 

0.009
b 

0.03
c
 

IVSs (cm) 0.77 ±0.12 0.76 ±0.15 0.64 ±0.11 

0.9
a
 

0.01
b 

0.03
c
 

LVIDd (cm) 1.4 ±0.24 1.3S ±0.23 1.78 ±0.34 
0.9

a 

<0.001
b, c

 

LVIDs (cm) 0.87 ±0.18 0.91 ±0.14 1.07 ±0.17 

0.09a 

0.001
b 

0.01
c
 

LVPWd (cm) 0.49 ±0.12 0.4S ±0.09 0.4S ±0.04 0.94 

L\TW (cm) 0.61 ±0.13 0.59 ±0.11 0.62 ±0.11 0.81 

EF (%) 71 ±6.9 69.9 ±7.9 69.5 ±6.3 0.80 

FS (%) 37.7 ±6.3 36.6 ±6.7 36.5 ±4.9 0.79 

TAPSE (mm) 11.33 ±2.1 10.94 ±1.9 ll.S3 ±0.9S 0.31 

LA diameter (mm) 10.S3 ±1.5 11.44 ±2.2 11.61 ±1.6 0.39 

AR diameter (mm) 10.7S ±1.3 11.22 ±1.6 11.44 ±0.9S 0.30 
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LA
1
 AO root ratio 1 ±0.10 1 ±0.12 1 ±0.09 0.99 

EA ratio 1.13 ±0.26 1.20±0.27 1.21 ±0.21 0.61 

ESPAP (mmhg) 31.22 ±10.1 34.67 ±11.1 26.11 ±3.7 

0.75
a
 

0.27
b 

0.01
c
 

 

Table 5 illustrated that there was a 

statistically significant variance in Z- scores 

of (IVSs, IVSd, LVIDs, and LVIDd) levels 

among groups I and III and groups II and III 

(p <0.05), but no variance amongst groups I 

and II. Conversely, there wasn’t a 

statistically significant distinction regarding 

LVPWd and LVPW levels between the three 

study groups. 

 

Table 5: Comparisons of Echo findings (Z-scores) in distinct research groups. 

Variables 

Group I EDMs 

(well controlled) 

(N= 18) 

Group II EDMs 

(poorly controlled) 

(N= 18) 

Group III 

(healthy END Ms) 

(N= 18) 

P-value 

IVSd (cm) 2.5 (0/5) 2.5 (1.5/4) 1.5 (0/2) 

0.86
a
 

0.01
b 

0.002
c
 

IVSs (cm) 2.5 (0 4) 2.25 (0/5) 1 (0/3) 

0.67
a
 

0.004
b 

0.002
c
 

LVIDd (cm) -2.75 (-5.5/-0.5) -3 (-5.5/-l) -0.25 (-3/3) 
0.52

a 

<0.001
b, c

 

LVIDs (cm) -2.5 (-5.5/-0.5) -2.5 (40) -0.25 (-3/3) 
0.62

a 

<0.001
b, c

 

LVPWd (cm) 2 (04.5) 2.5 (1.5/4) 2.5 (1.5/2.5) 0.92 

LVPWs (cm) 0 (-2/2) 0 (-2/2) 0 (-0.5/3) 0.87 
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Table 6 illustrated that there was a 

statistically significantly greater level of Tie 

of the left ventricle between group I 

compared to group III (p =0.02). In addition, 

there was a statistically significant 

difference in IVRT tricuspid measure 

between group III and both groups I and II 

(p =0.003 and 0.01, respectively). 

Conversely, there wasn’t a statistically 

significant distinction regarding other tissue 

Doppler measures between the three study 

groups.

 

Table 6: Comparisons of tissue Doppler findings in distinctive research groups. 

Variables 

Group I EDMs 

(well 

controlled) 

(N= 18) 

Group II EDMs 

(poorly 

controlled) 

(N= 18) 

Group III 

(healthy END 

Ms) 

(N= 18) 

P-value 

IVCT mitral (ms) 36.33 ±8.1 37.56 ±0.S 35.33 ±7.9 0.70 

RUT mitral (ms) 42.7 ±10.3 43 ±9.9 36.7 ±7.5 0.08 

ET mitral (ms) 134.6 ±21.9 139.1 ±21.5 147.2 ±26.3 0.26 

Tie of mitral (ms) 0.59 ±0.10 0.56 ±0.11 0.49 ±0.09 

0.9
a
 

0.02
b
* 

0.17
c
 

IVCT tricuspid (ms) 36.2 ±7.6 34.6 ±6.4 33.9 ±6.9 0.58 

RUT tricuspid (ms) 32.1 ±6.03 46.6 ±27.2 21.1 ±10.8 

0.9
a
 

0.003
b
* 

0.01
c
* 

ET tricuspid (ms) 144.5 ±18.5 135.9 ±42.S 140.8 ±23.6 0.70 

Tie of tricuspid (ms) 0.54 ±0.12 0.53 ±0.11 0.47 ±0.07 0.09 
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Table 7 shows that there was a 

statistically significant greater percentage of 

cardiac anomalies in both groups I and II in 

comparison to group III but no distinction 

among both groups I and II in cardiac 

anomalies (p <0.05). Conversely, there 

wasn’t a statistically significant distinction 

as regards types of cardiac anomalies 

between the three study groups.

   

Table 7: Comparisons of Cardiac anomalies in distinctive research groups. 

Variables 

Group I EDMs 

(well controlled) 

(N= 18) 

Group II EDMs 

(poorly 

controlled) 

(N= 18) 

Group III 

(healthy END Ms) 

(N= 18) 

P-

value 

Cardiac 

anomalies 

No 6 (33.3%) 3 (16.7%) 12 (66.7%) 
0.44

a
 

0.04
b
* 

0.006
c
* Yes 12 (66.7%) 15 (83.3%) 6 (33.3%) 

Types of 

cardiac 

anomalies 

PFO 8 (66.7%) 10 (66.7%) 5 (83.3%) 

0.91 
PFO and 

PDA 
3 (25%) 3 (20%) 1 (16.7%) 

PFO and 

VSD 
1 (8.3%) 2 (13.4%) 0 (0%) 

 

4. Discussion 

Adverse maternal and fetal outcomes, 

including structural deformities like heart 

defects, are associated with maternal diabetes 

mellitus (DM) [11]. Mothers with any type of 

diabetes, whether type 1 or type 2 DM that 

existed before pregnancy or gestational diabetes 

mellitus (GDM) that developed during 

pregnancy, have an increased risk of cardiac 

abnormalities in their children [12,13]. 

The study found that 61.1% of infants 

whose mothers were included in the study had 

cardiac anomalies. Comparable studies were 

carried out in the Eastern Province of Saudi 

Arabia by Alabdulgader et al. [14] and in 

Peshawar, Pakistan, by Muhammad et al. [15], 
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who reported a lower incidence of cardiac 

anomalies among babies, 59.7% and 62.3%, 

respectively. Nonetheless, a higher prevalence 

of 75% was found by Abu-Sulaiman and Subaih 

[16]. 

The differences in the occurrence of 

various cardiac abnormalities across all studies 

can be attributed to the length of the study 

period and the selection of sample size. While 

other investigations have been conducted over 

five years, our research period was notably short 

[15]. 

According to our data, 677 (38.83%) of 

the 1838 registered newborns were infants of 

diabetic mothers (IDMs). Our findings differed 

from a local investigation carried out in Lahore 

by Aslam et al., who reported that 84 (6%) of 

the 1530 neonates were diagnosed as IDMs 

[17]. 

Our results also differed from those of 

Muhammad et al. [15], who reported that most 

infants of diabetic mothers (52.5%) had various 

congenital heart abnormalities. The researchers 

noted that the limited number of participants in 

their study, conducted in hospitals, might have 

contributed to the higher occurrence of 

congenital heart disease in babies of diabetic 

mothers. 

Similar findings were observed in the 

study by Muhammad et al., which had a male-

to-female ratio of 1.97:1, with 66.3% male and 

33.7% female participants [15]. 

Infants of pre-pregnant diabetic mothers 

were found to have a higher incidence of cardiac 

abnormalities than those of gestational diabetic 

mothers, with rates of 65% and 35%, 

respectively, according to a separate study by 

Behjati et al. [18]. 

Our findings were similar to those of 

another Saudi study by Abu-Sulaiman and 

Subaih, which found that among the cardiac 

anomalies identified in infants of diabetic 

mothers, 70% had patent ductus arteriosus 

(PDA), 68% had patent foramen ovale (PFO), 

5% had atrial septal defect (ASD), 4% had 

ventricular septal defect (VSD), 2% had mitral 

valve prolapse (MVP), and 1% had pulmonary 

stenosis (PS) [16]. Another study reported that 

asymmetrical septal hypertrophy, PFO, and 

PDA were the most prevalent echocardiographic 

abnormalities in IDMs, accounting for 80%, 

37.5%, and 27.5% of cases, respectively [19]. 

In extremely preterm newborns without 

congenital abnormalities, gestational age (GA) 

is a substantial predictor of mortality [20]. 

Reduced birth weight is one of the most 

frequently noted outcomes in babies with heart 

abnormalities [21]. However, our findings 

showed that newborns who were overweight 
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had a noticeably increased frequency of heart 

defects. 

5. Conclusion 

In this case-control study, 61.1% of 

newborns whose mothers were included had 

heart abnormalities. PFO was the most common 

echocardiographic abnormality seen in diabetic 

newborns. Mothers with poorly managed 

diabetes had a greater risk of heart 

abnormalities. 

 

Ethical Approval: The Institutional Ethics 

Committee gave its approval for the study 

(ethical committee approval number: M642). 

Funding: This study is not funded.  

Conflicts of Interest: All authors declare they 

have no conflicts of interest.

 

References  

1. McClellan M, Brown N, Califf RM, Warner JJ, 

Blumenthal RS, Peterson ED, et al. Call to action: 

urgent challenges in cardiovascular disease: a 

presidential advisory from the American Heart 

Association. Circulation. 2019;139(9). doi: 

10.1161/CIR.0000000000000652 

2. Schmidt M, Jacobsen JB, Lash TL, Botker HE, 

Sorensen HT. 25-year trends in first time 

hospitalisation for acute myocardial infarction, 

subsequent short and long term mortality, and the 

prognostic impact of sex and comorbidity: a 

Danish nationwide cohort study. BMJ. 2012;344. 

doi: 10.1136/bmj.e356 

3. George MG, Tong X, Bowman BA. Prevalence of 

cardiovascular risk factors and strokes in younger 

adults. JAMA Neurol. 2017;74(6):695-703. doi: 

10.1001/jamaneurol.2017.0020 

4. Reynolds RM, Allan KM, Raja EA, Bhattacharya 

S, McNeill G, Hannaford PC, et al. Maternal 

obesity during pregnancy and premature mortality 

from cardiovascular event in adult offspring: 

follow-up of 1 323 275 person years. BMJ. 

2013;347. doi: 10.1136/bmj.f4539 

5. Wicklow BA, Sellers EA, Sharma AK, Shafer LA, 

Ludlow H, Keleher N, et al. Association of 

gestational diabetes and type 2 diabetes exposure in 

utero with the development of type 2 diabetes in 

First Nations and non–First Nations offspring. 

JAMA Pediatr. 2018;172(8):724-731. doi: 

10.1001/jamapediatrics.2018.1201 

6. Gittenberger-de Groot AC, Calkoen EE, Poelmann 

RE, Bartelings MM, Jongbloed MR. 

Morphogenesis and molecular considerations on 

congenital cardiac septal defects. Ann Med. 

2014;46(8):640-652. doi: 

10.3109/07853890.2014.958165 

7. Moazzen H, Lu X, Ma NL, Velenosi TJ, Urquhart 

BL, Wisse LJ, et al. N-Acetylcysteine prevents 

congenital heart defects induced by pregestational 

diabetes. Cardiovasc Diabetol. 2014;13:46. doi: 

10.1186/1475-2840-13-46 

8. Alenezi AM, Al-Quaiti MS, Kashour TS. The 

epidemiology of congenital heart diseases in Saudi 



FUMJ, 2024, 14(1), 69-80                                                                                                              Abdel Rahman et al., 2024 

12 
 

Arabia: A systematic review. J Public Health 

Epidemiol. 2015;7(7):232-240. doi: 

10.5897/JPHE2015.0758 

9. Correa A, Gilboa SM, Besser LM, Botto LD, 

Moore CA, Hobbs CA, et al. Diabetes mellitus and 

birth defects. Am J Obstet Gynecol. 

2008;199(3):237.e1-9. doi: 

10.1016/j.ajog.2008.06.028 

10. Jenkins KJ, Correa A, Feinstein JA, Botto L, Britt 

AE, Daniels SR, et al. Noninherited risk factors 

and congenital cardiovascular defects: current 

knowledge: a scientific statement from the 

American Heart Association Council on 

Cardiovascular Disease in the Young: endorsed by 

the American Academy of Pediatrics. Circulation. 

2007;115(23):2995-3014. doi: 

10.1161/CIRCULATIONAHA.106.183216 

11. Schaefer-Graf U, Napoli A, Nolan CJ, 

Diabetology. Diabetes in pregnancy: a new decade 

of challenges ahead. Diabetologia. 2018;61:1012-

1021. doi: 10.1007/s00125-018-4563-7 

12. Liu S, Joseph KS, Lisonkova S, Rouleau J, Van 

den Hof M, Sauve R, et al. Association between 

maternal chronic conditions and congenital heart 

defects: a population-based cohort study. 

Circulation. 2013;128(6):583-589. doi: 

10.1161/CIRCULATIONAHA.113.002121 

13. Hoang TT, Marengo LK, Mitchell LE, Canfield 

MA, Agopian AJ. Original findings and updated 

meta-analysis for the association between maternal 

diabetes and risk for congenital heart disease 

phenotypes. Am J Epidemiol. 2017;186(1):118-

128. doi: 10.1093/aje/kwx036 

14. Alabdulgader AAA. Congenital heart disease in 

740 subjects: epidemiological aspects. Ann Trop 

Paediatr. 2001;21(2):111-118. doi: 

10.1080/02724930020052617 

15. Muhammad A, Qureshi AU, Hyder SN, Hashmi S, 

Haneef S. Frequency of congenital heart diseases 

in infants of diabetic mothers referred to pediatrics 

department. J Postgrad Med Inst. 2014;28(1):88-

93. doi: 10.1136/pgmj.28.1.88 

16. Abu-Sulaiman RM, Subaih B. Congenital heart 

disease in infants of diabetic mothers: 

echocardiographic study. Pediatr Cardiol. 

2004;25(2):137-140. doi: 10.1007/s00246-003-

0465-9 

17. Aslam M, Saleem A, Saleem S, Zahid R, Farooq 

MA. Clinical spectrum of infants of diabetic 

mothers in hospitalized deliveries at Lahore. Pak J 

Pathol. 2001;12:5-8. 

18. Behjati M, Behjati M, Akhavan S. Congenital heart 

diseases in the newborns of diabetic mothers: an 

echocardiographic study. SSU_Journals. 

2011;19(4):511-517. 

19. Korraa A, Abdel-Hady H, Morsy F, El-Sayed N. 

Cardiac troponin I levels and its relation to 

echocardiographic findings in infants of diabetic 

mothers. Ital J Pediatr. 2012;38:30. doi: 

10.1186/1824-7288-38-30 

20. Tyson JE, Parikh NA, Langer J, Green C, Higgins 

RD. Intensive care for extreme prematurity—

moving beyond gestational age. N Engl J Med. 

2008;358(16):1672-1681. doi: 

10.1056/NEJMoa073059 

21. Wren C, Irving C, Griffiths JA, O’Sullivan JJ, 

Chaudhry B, Haynes SR, et al. Mortality in infants 

with cardiovascular malformations. Eur J Pediatr. 

2012;171(2):281-287. doi: 10.1007/s00431-011-

1525-5 

 


