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ABSTRACT 

Objective: To evaluate the diagnostic performance of fetal echocardiography for the prenatal detection of congenital heart 
disease (CHD) in pregnancies complicated by gestational diabetes mellitus (GDM). 
Study Design: Cross sectional study. 
Place and Duration of Study: Army Cardiac Center Lahore, Pakistan from July 2019 to July 2025.  
Methodology: Out of total 2045, thirteen hundred and thirteen pregnant women diagnosed with GDM who underwent fetal 
echocardiography and had available postnatal echocardiographic confirmation were included. Pre-gestational diabetes, 
inadequate imaging, absence of postnatal echocardiography, major extracardiac anomalies, chromosomal abnormalities, and 
incomplete data were excluded. Fetal echocardiography was performed by pediatric cardiologists using standardized 
protocols. Postnatal echocardiography served as the gold standard. Diagnostic performance parameters; sensitivity, 
specificity, positive predictive value (PPV), negative predictive value (NPV), and overall accuracy were calculated. 
Results: A total of 1,313 pregnancies were analysed. Postnatal confirmed CHD was present in 58 cases (4.4%). Fetal 
echocardiography correctly identified 52 cases (true positives) and missed 6 cases (false negatives), with no false positives. 
Sensitivity was 89.7%, specificity 100%, Positive predictive value 100%, Negative predictive value 99.5%, and overall 
diagnostic accuracy 99.5%.  
Conclusion: Fetal echocardiography demonstrates high diagnostic accuracy for congenital heart disease screening in 
pregnancies complicated by gestational diabetes mellitus, when validated against postnatal echocardiography, and provides 
contemporary region-specific evidence from a resource-limited setting. 
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INTRODUCTION  

Gestational diabetes mellitus (GDM) is one of the 
common medical conditions that have a broad range 
of negative results for both the mother and the fetus. 
Recent reviews show that globally GDM affects 
roughly 15% of pregnancies, while even higher rates 
are reported in South Asia, including Pakistan.1,2 In a 
cross-sectional Pakistani cohort, congenital cardiac 
abnormalities were identified in approximately 38.7% 
of infants born to diabetic mothers upon 
echocardiographic evaluation.3 

A recent meta-analysis involving over 46 million 
mother–child pairs demonstrated that gestational 
diabetes mellitus is associated with a significantly 
higher risk of congenital heart disease in offspring, 
with a pooled odds ratio of 1.32 (p<0.001).2  Another 
study by Papazoglou et al found that GDM increases 

the risk of CHD in infant by 1.5 folds.4  

Infants born to diabetic mothers are at a much 
higher than average risk for congenital heart disease 
(CHD). Population-based studies show that congenital 
heart disease is 2 to 5 times more common in offspring 
of diabetic pregnancies. These pregnancies contribute 
to both the growth of the heart muscle and the 
development of the heart structurally.5 Fetal 
hyperinsulinemia, a disturbance of the myocardial 
metablism, and increased myocardial cellular growth 
and poor maturation of the myocardial are some of the 
processes that are thought to be most important in the 
development of this condition.6 

Fetal echocardiography is the preferred imaging 
technique for the evaluation of the developing heart's 
anatomy and physiology. Targeted fetal 
echocardiography has been outlined in international 
recommendations for pregnancies affected by 
diabetes, and is recommended to take place between 
18 and 22 weeks of gestational age.7 Major CHDs have 
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been detected with sensitivities between 80 and 90% 
depending on the expertise of operator, gestational 
age, and quality of ultrasound.8  

In Pakistan, the burden of gestational diabetes 
mellitus (GDM) is rising rapidly, yet data on its fetal 
cardiac impact remain limited. With growing 
experience with fetal echocardiography in pregnancies 
complicated by GDM has highlighted a significant 
frequency of functional and structural cardiac 
changes, even in cases with apparently good glycemic 
control. Many of these abnormalities are clinically 
silent on routine obstetric ultrasound and become 
evident only on targeted fetal echocardiography. 
Conducting this study is therefore essential to define 
the true spectrum and prevalence of fetal cardiac 
involvement in GDM within the Pakistani population, 
identify high-risk subsets, and generate local evidence 
to guide screening protocols. Such data can inform 
timely prenatal counseling, optimize perinatal 
management, and potentially reduce neonatal cardiac 
morbidity through early detection and follow-up. The 
present study was therefore designed to evaluate the 
diagnostic accuracy of fetal echocardiography for 
screening CHD in pregnancies complicated by GDM, 
using postnatal echocardiography as the reference 
standard. 

METHODOLOGY 

This was a cross sectional study conducted at the 
Army Cardiac Center, Lahore between the time 
periods of July 2019 - July 2025 using non probability 
consecutive sampling technique. The study was 
approved by the institutional ethical review board 
(ltr#18/Estb/ACH).  

Sample size of 161 was determined using WHO 
sample size calculator with confidence level of 95%, 
margin of error 5% and using 11.82 % prevalence of 
CHD among infants with mothers of Gestational 
diabetes.9 However total of 1313 patient’s data was 
included in the study.  

Inclusion Criteria: The study included pregnant 
women of any maternal age diagnosed with GDM 
who underwent fetal echocardiography at the study 
center. Only those with availability of postnatal 
echocardiography, and complete clinical data were 
considered. Both singleton and twin pregnancies with 
at least one viable fetus were eligible. 

Exclusion Criteria: Exclusion criteria included pre-
gestational diabetes, absence of fetal or postnatal 
echocardiography, or poor-quality fetal 

echocardiographic images. Pregnancies with major 
extracardiac anomalies, chromosomal abnormalities, 
intrauterine fetal demise before assessment, or 
incomplete clinical/echocardiographic data were also 
excluded. 

During the study period, 2,045 pregnancies 
complicated by diabetes were included. Fetal 
echocardiography was planned from 18 weeks 
gestation onwards. 732 pregnancies were excluded 
due to one or more of the following reasons: Pre natal 
fetal echocardiography was not performed, or severely 
suboptimal imaging, echocardiographic data and 
clinical data were absent, postnatal echocardiography 
was not performed, and clinical data was incomplete. 
A total of 1,313 pregnancies were included in the final 
analysis. These cases made up the study population 
for analysis of findings from fetal echocardiograms 
and the postnatal diagnostic confirmation. 

Using high resolution ultrasound systems, 
pediatric cardiologists performed fetal 
echocardiography. Examinations were done from the 
second trimester and were done in accordance with 
protocols where four-chamber views, views of the 
outflow tracts, and assessments of the great vessels 
were included. Overall imaging quality was 
categorized as acceptable, difficult, or suboptimal, and 
interventricular septal thickness was measured in 
diastole. Maternal variables included age, pregnancy 
type, and controlled glycaemia status from the 
referring obstetric team. Gestational age, fetal heart 
rate, and findings from the prenatal and postnatal 
echocardiogram were variables from the fetal 
segment. The postnatal echo served as the gold 
standard for confirmation of CHD.  

Statistical analysis was carried out using SPSS 
(Statistical Package for Social Science) software version 
23. Continuous variables (maternal age, gestational 
age at fetal echocardiography, fetal heart rate, and 
interventricular septal thickness [IVSd]) were assessed 
for normality using the Shapiro–Wilk test and were 
found to be non-normally distributed; these were 
presented as median with interquartile ranges (IQR). 
Categorical variables, including pregnancy type, 
glycemic control, and fetal echocardiography findings, 
confirmed congenital heart disease (CHD), and 
imaging quality, were summarized as frequencies and 
percentages. Diagnostic performance of fetal 
echocardiography was evaluated by cross-tabulating 
prenatal findings against postnatal confirmation to 
calculate sensitivity, specificity, positive predictive 
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value, negative predictive value, and overall 
diagnostic accuracy.  

During the study period 2045 pregnancies 
complicated by diabetes were assessed, out of which 
732 pregnancies were excluded due to not fitting in 
inclusion criteria. The final study population 
comprised of 1313 pregnancies.  

The participant’s selection process is illustrated in 
Figure-1.  
 

 

Figure-1: Flow Diagram of Participant Selection and 
Diagnostic Classification for Evaluation of Fetal 
Echocardiography in Pregnancies Complicated by Gestational 
Diabetes Mellitus 
 

RESULTS  

A total of 1,313 cases were examined. The 
demographics of maternal and fetal characteristics is 
in Table-I. The values for maternal age, gestational age 
at fetal echocardiography, fetal heart rate, and the 
diastolic measurement of the interventricular septum 
(IVSd) are shown in Table-1. Most pregnancies were 
singletons, and most had good glycemic control. Out 
of all examined fetuses, only a small proportion of 
fetuses demonstrated abnormal findings on fetal 
echocardiography; postnatal echocardiography 
confirmed congenital heart disease in 58 cases, 
including 6 cases that were not detected prenatally 
(Figure-2). 

Among fetuses with confirmed congenital heart 
disease, most cases occurred in pregnancies with 
adequately controlled diabetes, while a small 
proportion were observed in poorly controlled 

diabetes. The proportion of CHD was higher in 
pregnancies with poor glycemic control compared 
with those having adequate control. All confirmed 
CHD cases occurred in singleton pregnancies, whereas 
no CHD was identified among twin gestations. The 
cross-tabulation of CHD with glycemic control and 
pregnancy type is presented in Table-II. 
 

Table-II: Association of CHD with Glycemic Control and 
Pregnancy Type (n=1313) 

Variable 
Total 

(n) 

CHD 

Yes No 

Frequency (%) 

Glycemic 
control 

Adequate 1280 56(4.4%) 1,224(95.6%) 

Poor 33 2(6.1%) 31(93.9%) 

Pregnancy 
type 

Singleton 1275 58 (4.6%) 1,217(95.4%) 

Twin 38 0(0.0%) 38 (100%) 
 

 

Figure-2: Distribution of Postnatally Confirmed CHD 
Subtypes Among Infants Born to Mothers with GDM (n = 52) 
 

Fetal echocardiography correctly identified 52 of 
58 postnatally confirmed CHD cases, representing the 
true positives. There were 6 cases with CHD that were 
classified as normal on fetal echocardiography, 
representing false negatives. All 1,255 fetuses without 
CHD were correctly identified as normal on fetal 
echocardiography, representing true negatives, with 
no false-positive cases. Based on these data, the 
sensitivity of fetal echocardiography for detecting 
CHD was 89.7%, and the specificity was 100%. The 
positive predictive value (PPV) was 100%, and the 
negative predictive value (NPV) was 99.5%. The 
overall accuracy of fetal echocardiography was 99.5%. 
The cross-classification of prenatal echocardiographic 
findings against postnatal diagnosis is presented in 
Table-III. 

DISCUSSION  

The overall prevalence of postnatal confirmed 
congenital heart disease (CHD) in this large cohort of 
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1,313 pregnancies assessed through fetal 
echocardiography was 4.4%. Fetal echocardiography 
showed encouraging levels of performance: sensitivity 
was 89.7%, specificity 100 %, and overall accuracy 
99.5%. The test had no false positives and a negligible 
false negative rate, demonstrating its effectiveness in a 
population consisting mostly of single gestations and 
controlled glycemic population. 
 

Table-III: Prenatal Fetal Echocardiography Versus Postnatal 
CHD Diagnosis (n=1313) 

 
CHD 

 
Yes No Total 

Fetal 
Echocardiography 

Abnormal 52(89.7%) 0(0%) 52 

Normal 6 (10.3%) 1,255(100%) 1,261 

Total 58 1,255 1,313 

Sensitivity Specificity PPV NPV 
Diagnostic 
accuracy 

 

89.7% 100% 100% 99.5% 99.5% 

 

The current data advances the literature on the 
reliability of detailed fetal cardiac imaging done in 
specialized units. Kasar et al., reported diagnostic 
accuracy for comprehensive fetal echocardiography 
between 86.4–94.8%, with notable concordance for 
major lesions.10 This reinforces the idea that with the 
use of standardized protocols, a population's 
specificity can be maximized, even in under-resourced 
settings. This is consistent with the initial experience 
reported from Jordan University Hospital, whereby 
the CHD detection yielded a sensitivity of 91.7 % and 
a specificity of 95.4 % demonstrating that high 
diagnostic returns can be the case in varying settings.11 

Present observed absence of false positives and 
minimal false negatives aligns with the general trend 
in a study by Zhang et al., that detailed fetal 
echocardiography performs best for clinically 
significant cardiac anomalies. Although the pooled 
sensitivities for basic and extended fetal 
echocardiographic protocols vary widely across 
systematic analyses- ranging from approximately 60-
85% depending on gestational age and risk group-
studies also highlight that experienced operators and 
use of multiple cardiac views markedly improve 
detection rates, particularly in high-risk pregnancies 
such as those in your cohort.12 

A study by Akalın et al., in 2025 standardized 
first-trimester fetal echocardiography study (11⁺⁰-14⁺⁰ 
weeks) reported a sensitivity of 54.5% and specificity 
of 100% for overall CHDs, with 100% sensitivity and 
specificity for severe CHDs, underscoring that detailed 
early screening can accurately identify critical lesions 

even when minor anomalies are more challenging to 
detect.13 

The occurrence of six false negatives within 
present findings resonates with the new literature that 
highlights the difficulties of pinpointing the prenatal 
diagnosis of subtle or late manifesting lesions. A 
systematic review by Rittey et al., of early fetal 
echocardiography (10–15 weeks) illustrated that while 
early identification of significant congenital heart 
defects (CHD) is possible with a high level of 
accuracy; minor anomalies along with functional 
alterations are often overlooked, requiring additional 
or later imaging to reach complete assessment.14 

Another significant dimension of the present 
study is the link of CHD to the control of maternal 
blood sugar. Although the majority of confirmed CHD 
cases were during gestation with suitable blood sugar 
control, the CHD case fraction was higher in the 
diabetic cases with poor control. Evidence is emerging 
for the analysis of case control studies that illustrates 
the risk for structural and functional cardiac defects is 
increased with well-controlled maternal diabetes 
compared to non-diabetic pregnancies. There is a 
growing body of literature focused on the 
epidemiology of heart defects such as Samir et al., has 
documented a significant and consistent increase in 
the prevalence of aberrant CHD and hypertrophy that 
reinforces the biological plausibility for maternal 
hyperglycemia to exert effects on fetal cardiac 
development regardless of glycemic control.15 

Additionally, Ajaz et al., study concentrating on 
fetal echocardiography evaluation in GDM have 
shown structural changes such as thicker 
interventricular septum and changes in the right 
ventricle, suggesting that there is even functional and 
morphological changes in well controlled 
pregnancies.16 Along with the systematic evidence of 
changed fetal cardiac function due to maternal 
diabetes as shown by Depla et al., study, these findings 
warrant the surveillance of cardiac function in diabetic 
pregnancies, like in present cohort.17 Youssef et al.,18 

report decreased functional and structural 
abnormalities of the heart in diabetic pregnancies to 
the detection of fetal echocardiography noting the 
presence of more diastolic and hypertrophic 
abnormalities than in uncomplicated pregnancies. The 
cost‑effectiveness analysis of universal fetal 
echocardiography in diabetic women by Savitsky et al., 
in 2024 also highlights that higher probabilities of 
CHD at elevated glycemic burdens strengthen the case 
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for targeted screening in high‑risk subgroups, adding 
health economic rationale to your clinical emphasis on 
echocardiographic evaluation.19 

Collectively, the comparison with recent 
literature indicates that present findings are robust 
and in line with the current understanding of fetal 
echocardiography’s diagnostic utility and the impact 
of maternal metabolic milieu on fetal cardiac 
outcomes. Results confirm that when fetal 
echocardiography is performed with detailed imaging 
protocols in an experienced practice, it achieves 
excellent diagnostic accuracy, and that maternal 
diabetes—particularly when poorly controlled—
remains a relevant risk factor for CHD. These 
observations reinforce recommendations for 
systematic cardiac imaging in pregnancies at risk and 
highlight areas for future research, particularly in 
refining early diagnostic sensitivity and investigating 
functional prenatal metrics in diabetic pregnancies. 

LIMITATIONS OF STUDY  

This study's limitations include the retrospective and 
single-center design, which can and limit the extent to which 
the findings can be generalized to situations occurring 
beyond tertiary and more specialized environments. The 
lack of long-term postnatal follow-up and the varying 
gestational ages of the fetal echocardiograms may have 
resulted in the overlooking of some subtle and/or late-
appearing cardiac lesions. There is a need for future 
prospective multicenter studies that include more stringent 
standardization for the timing of fetal echocardiography and 
longer postnatal follow-up to improve the identification of 
subtle and progressing cardiac lesions. 

CONCLUSION  

This study confirms that fetal echocardiography is a 
highly accurate and dependable screening modality for the 
prenatal detection of CHD in pregnancies complicated by 
gestational diabetes mellitus when performed in a tertiary 
cardiac care setting. The excellent sensitivity, specificity, and 
overall diagnostic accuracy observed emphasize the 
effectiveness of standardized imaging protocols and 
experienced operators. These findings support the routine 
use of targeted fetal echocardiography in GDM pregnancies 
to enable early diagnosis, appropriate perinatal planning, 
and improved neonatal outcomes. 
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