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ABSTR ACT
OBJECTIVE: The aim of this study was to estimate the accuracy of prenatal assessment of interventricular septum (IVS) thickness, right myocardial 
wall thickness (RMWT), and left myocardial wall thickness (LMWT) by two-dimensional (2D) ultrasound for the prediction of perinatal mortality and 
postnatal diagnosis of hypertrophic cardiomyopathy (HCM) among diabetic pregnant women.
SUBJECTS AND METHODS: A total of 120 diabetic pregnant women at 35 weeks or more were enrolled in this study from January 1, 2012, to June 30, 
2014, at Ain Shams Maternity Hospital, Cairo, Egypt. The 2D ultrasound was done once for all the participants at the time of recruitment; IVS thickness, 
RMWT, and LMWT were measured. The glycosylated hemoglobin (HbA1c) levels of the participants were recorded. Neonatal assessment including 
postnatal echocardiography was done after 48 hours. Postnatal results were compared with the prenatal predictive results.
RESULTS: Higher thickness values for IVS, RMW, and LMW were obtained in the uncontrolled diabetic cases (HbA1c . 6.5%) than in the controlled 
diabetic cases (HbA1c , 6.5%; P , 0.01). Of the included 120 neonates, 10 (8.3%) were stillborn, 99 (82.5%) had a five-minute Apgar score $7, and 
4 (3.3%) had a five-minute Apgar score #3. The four neonates with severe neonatal distress died after admission to neonatal intensive care unit within one 
week after delivery. Out of 110 live-born neonates, 4 (3.6%) neonates had a low ejection fraction (EF) (,50%) due to HCM; of them 2 (1.8%) died within 
one week after delivery, while 2 (1.8%) survived. Another two (1.8%) neonates died from severe respiratory distress syndrome. A cutoff value of $4.5 mm 
for prenatal IVS thickness was predictive of neonatal distress due to HCM with a sensitivity of 82%, specificity of 68%, and diagnostic accuracy of 72%. 
A cutoff value of ,1.18 for the ratio of IVS thickness to LMWT had a sensitivity of 82%, specificity of 72%, and diagnostic accuracy of 74% for the predic-
tion of neonatal distress due to HCM. In this study, 8 of the 10 fetuses with intrauterine demise and the 2 neonates who died within one week after delivery 
due to heart failure had a prenatal IVS thickness of $4.5 mm, while 7 of the 10 fetuses with intrauterine demise and the 2 neonates who died postnatal from 
heart failure had a prenatal IVS thickness to LMWT ratio of #1.18.
CONCLUSION: A prenatal IVS thickness of $4.5 mm or an IVS/LMWT ratio of #1.18 seems to be predictive of HCM and is associated with almost 
twofold higher risk of intrauterine fetal death and almost threefold higher risk of possibly relevant perinatal mortality.
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Introduction
Diabetes mellitus (DM) affects the fetal heart during early 
and late gestation. During early gestation, it hinders the 
proper expression of genes needed for the correct develop-
ment of the fetal heart during embryogenesis, causing struc-
tural cardiac defects, for example, ventricular septal defects.1 
Moreover, during late gestation, fetal hyperinsulinemia 
due to inadequate maternal glycemic control increases the 
expression of fetal insulin cardiac receptors. Insulin, an 
anabolic hormone, causes hyperplasia and hypertrophy of 
the fetal myocardium, leading to hypertrophic cardiomy-
opathy (HCM).2,3 Microscopically, there is also a disarray 
of the myofibrils.4 Right and left posterior ventricular walls 
become hypertrophied, but the most prominent hypertrophy 

is of the interventricular septum (IVS) due to its abundance 
of insulin receptors.5

Approximately 3–6% of infants of diabetic mothers 
(IDMs) have congenital cardiac malformations, of which 40% 
are with HCM that may or may not be symptomatic. A major 
finding is hypertrophy of the ventricular and septal walls of the 
neonatal heart. In all, 5% of neonates born to diabetic mothers 
suffer from congestive heart failure due to left ventricular out-
flow obstruction. Fortunately, in most cases, cardiac hypertro-
phy is transient with spontaneous echocardiographic resolution 
within the early months after birth, requiring no therapy.6,7

Doppler echocardiography has evolved over the last few 
years as a noninvasive tool to evaluate the structure and the 
function of the fetal heart through the assessment of systolic 
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and diastolic functions.8 This has assisted obstetricians to take 
decisions such as stoppage of digoxin in fetuses with heart 
failure due to structural cardiac defects when diagnosed with 
HCM antenatal.9 However, obstetricians have rarely studied 
about prenatally measured IVS thickness and its correlation 
with the postnatal presentation of HCM. The prediction of 
such a complication in an infant of a diabetic mother can allow 
the attending obstetrician to prepare proper facilities to care for 
such neonates especially in low-resource health-care systems.

The aim of the current study was to estimate the accuracy 
of prenatal assessment of IVS thickness right myocardial 
wall thickness (RMWT), and left myocardial wall thick-
ness (LMWT) by two-dimensional (2D) ultrasound for the 
prediction of perinatal mortality and postnatal diagnosis of 
HCM among diabetic pregnant women.

Patients and Methods
A total of 120 diabetic pregnant women at 35 weeks or more were 
enrolled in this study from January 1, 2012, to June 30, 2014, 
in Ain Shams Maternity Hospital, Cairo, Egypt. Participants 
with congenital fetal malformations, multiple pregnancies, or 
other obstetrical complications, or pregnant women with medi-
cal disorders with pregnancy other than DM were excluded 
from this study. This research complied with the principles 
of Declaration of Helsinki. After obtaining the hospital’s 
ethical committee approval, the participants signed the written 
informed consents for participation in this study. Demographic 
data were recorded. The 2D ultrasound was done once for all 
the participants by the second author at the time of recruitment. 
The glycosylated hemoglobin (HbA1c) levels of the participants 
were recorded; the mean cutoff value is 6.5%, where a level  
of ,6.5% indicates good glycemic control and a level of .6.5% 
indicates poor glycemic control. Neonatal assessment including 
Apgar score; signs of respiratory distress, such as apnea, grunt-
ing, nasal flaring, rapid shallow breathing, and abnormal chest 
movement during breathing and cyanosis; difficulty in feed-
ing; tachycardia (heart rate . 180 beats/minute) and arrhyth-
mias; hepatomegaly (length below costal margin  .  3  cm); 
increased cardiothoracic ratio (.60%); and need for neonatal 
intensive care admission were recorded. A  postnatal cardiac 
echocardiography of the neonates was done after 48 hours to 
determine the IVS thickness, RMWT, LMWT, and ejec-
tion fraction (EF) using M-mode and 2D echocardiography 
as described by the Japan Society of Ultrasonics in Medicine.10 
IVS, RMWT, and LMWT with a standard deviation (SD)  
of .2 for age with the EF of ,50% are considered abnormal.10–12

Routine fetal biometry via 2D ultrasound was performed 
by the second author (GMM.) using Voluson E6 expert 
machine (GE Healthcare). After obtaining the transverse sec-
tion of the fetal chest, a four chamber view of the fetal heart 
was obtained and the IVS thickness, RMWT, and LMWT 
were measured in millimeters.

Sample size was calculated according to a previous 
study,13 which stated that the expected prevalence of thick 

IVS among fetuses of well-controlled diabetic mothers is 33% 
and among fetuses of poorly controlled diabetic mothers is 
75%. Calculation according to these values produces an aver-
age sample size of 120 patients.

Analysis was performed by a statistician using the Statis-
tical Package for the Social Sciences (Version 15). Data were 
expressed as mean  ±  SD (range) or as number (%) of cases. 
The  comparison of proportions and means between both 
groups was done by using the χ2 test and independent t-test, 
respectively. The Fisher’s exact test was used when applicable. 
Odds ratio, 95% confidence interval, and paired t-test were 
also used in comparison between pre- and postnatal IVS in 
good and poor glycemic control. P ,  0.05 is considered the 
cutoff value for significance. The differences in mean of the 
previous variables against the type of diabetes were tested 
using one-way analysis of variance. Kaplan-Meier technique 
was used to estimate the time of distress producing a survival 
curve (log-rank test compared the survival rates of the devel-
oping distress in infants of good and poor glycemic control). 
Multivariate analysis was performed between the significant 
variables. Receiver operating characteristic (ROC) curve was 
used to define the best cutoff values for the prenatal assessment 
of IVS thickness, RMWT, and LMWT to predict distress.

Results
A total of 120 pregnant women with DM were included 
in this study. The mean age of the included women was 
32.58  ±  6.72 years (range: 18–46 years). The mean parity 
was 1.76 ± 1.2 (range: 0–5). The mean body mass index was 
28.33 ± 4.01 kg/m2 (range: 23.4–43.1 kg/m2). The mean gesta-
tional age at recruitment was 36.07 ± 0.86 weeks (range: 35–38 
weeks). The mean HbA1c was 6.16  ±  1.1% (range: 4–8%). 
Higher thickness values for IVS, RMW, and LMW were 
obtained in the uncontrolled diabetic cases (HbA1c . 6.5%) 
than in the controlled diabetic cases (HbA1c , 6.5%) (Table 1).  

Table 1. Comparison between good and poor glycemic control on 
prenatal and postnatal ultrasound measurements.

GLYCEMIC CONTROL (110) P VALUE

GOOD (78) POOR (32)

Interventricular septum (mm)

by prenatal ultrasound 3.78 ± 0.78 5.09 ± 0.96 ,0.0001

by postnatal ultrasound 3.81 ± 0.78 5.20 ± 0.93 ,0.0001

Right myocardial thickness (mm)

by prenatal ultrasound 4.36 ± 0.58 5.25 ± 0.76 ,0.0001

by postnatal ultrasound 4.38 ± 0.59 5.25 ± 0.76 ,0.0001

Left myocardial thickness (mm)

by prenatal ultrasound 4.97 ± 0.62 5.66 ± 0.75 ,0.0001

by postnatal ultrasound 5.01 ± 0.63 5.78 ± 0.81 ,0.0001

Ejection fraction (%)

by postnatal  
echocardiography

61.79 ± 3.17 57.50 ± 4.02 ,0.0001
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Of  the  included 120 women, 74 (61.7%) had pregestational 
DM, while 46 (38.3%) had gestational DM. The mean 
duration of DM (in women with pregestational DM) was 
7.01 ± 5.61 years (range: 1–25 years).

The mean gestational age at delivery was 37.11  ±  0.9 
weeks (range: 37–38.29 weeks of gestation). A total of 
73  patients (60.8%) had cesarean delivery and 47 patients 
(39.1%) had vaginal delivery. The indications of cesar-
ean sections were previous cesarean sections, failed induc-
tion of labor, failed progress of labor, fetal macrosomia, 
and nonreassuring fetal cardiotocography. The mean birth 
weight was 3.22  ±  2.19  kg (range: 2.3–4.9  kg). Of the 
included 120 neonates, 43 (35.8%) were macrosomic (birth 
weight  .  4  kg), while 15  (12.5%) had low birth weight 
(,2.5 kg). Of the included 120 neonates, 10 (8.3%) were still-
born (3 patients suffered diabetic ketoacidosis, 4 patients had 
previous history of intrauterine fetal demise (IUFD), and the 
condition of 3  patients could not be explained), 99 (82.5%) 
had a five-minute Apgar score of $7, 11 (9.2%) had a five-
minute Apgar score of ,7, and 4  (3.3%) had a five-minute 
Apgar score of ,3. The four neonates with five-minute Apgar 
score of #3 died after admission to neonatal intensive care 
unit (NICU) within one week after delivery.

There was a slight, yet statistically significant, mean 
paired difference between postnatal and prenatal ultrasound 
assessment of IVS thickness, RMWT, and LMWT. Prena-
tal assessment tends to have slightly lower measurements for 
the IVS thickness and slightly higher measurements for the 
RMWT and LMWT (Table 2).

The mean EF measured postnatally in the included neo-
nates was 60.55 ± 3.94% (range: 40–65%). Of the 110 live-
born neonates, 4 (3.6%) neonates had a low EF (,50%) with 
hypertrophied IVS (.4.5  mm) and suffered from cyanosis, 
weak suckling, tachypnea, and tachycardia. Of them, two 
(1.8%) neonates died within one week after delivery due to 
heart failure, while two (1.8%) survived. They received the fol-
lowing treatment in the NICU: positive pressure ventilation, 
intravenous diuretics, correction of electrolyte disturbance 
and metabolic acidosis, intravenous fluid therapy according to 
urinary output, positive inotropics, and control of dysrhyth-
mias. Another two (1.8%) neonates died from severe respira-
tory distress syndrome. More importantly, all cases that had 
poor perinatal outcome had a poor glycemic control (with 
HbA1c . 6.5%) and had pregestational DM.

ROC curves were constructed for estimating the asso-
ciation between the prenatal IVS thickness, RMWT, and 
LMWT and the postnatal diagnosis of HCM. All of these 
measurements showed significant predictability, with the pre-
natal IVS thickness being the most predictable, having the 
largest area under the curve (Fig. 1). A prenatal IVS thick-
ness of $4.5 mm was associated with a postnatal diagnosis 
of HCM at a sensitivity of 82%, a specificity of 68%, a posi-
tive predictive value (PPV) of 37%, a negative predictive value 
(NPV) of 94%, a positive likelihood ratio (LR+) of 2.6, and an 
overall accuracy of 72%.

ROC curve, which was constructed for estimating the 
association between the prenatal IVS thickness to left myo-
cardial thickness (IVS/LMWT) ratio and the postnatal 
diagnosis of HCM, showed a significant association (Fig. 2). 
A prenatal IVS/LMWT ratio of #1.18 was associated with a 
postnatal diagnosis of HCM at a sensitivity of 82%, a specific-
ity of 72%, a PPV of 40%, an NPV of 95%, an LR+ of 3, and 
an overall accuracy of 74%.

Multivariate regression analysis showed that both pre-
natal IVS thickness and prenatal IVS/LMWT ratio were 
independently and significantly predictive of the postnatal 
diagnosis of HCM. A prenatal IVS thickness of $4.5 mm was 
associated with almost threefold higher risk of having postna-
tal HCM, while a prenatal IVS/LMWT ratio of #1.18 was 
associated with almost fourfold higher risk of having postnatal 
HCM (Table 3).

Finally, 8 of the 10 fetuses who had intrauterine demise 
and the 2 neonates who died within one week after delivery 
due to heart failure had a prenatal IVS thickness of $4.5 mm, 
while 7 of the 10 fetuses who had intrauterine demise and 
the 2 neonates who died within one week after delivery due 
to heart failure had a prenatal IVS/LMWT ratio of #1.18. 
A prenatal IVS thickness of $4.5  mm (Fig. 3) or an IVS/
LMWT ratio of #1.18 was associated with almost twofold 
higher risk of IUFD and almost threefold higher risk of pos-
sibly relevant perinatal mortality (Table 4).

Discussion
Left ventricular mass and contractility in fetuses and neo-
nates of diabetic mothers are exaggerated, which leads to 
left ventricular outflow tract obstruction due to apposition 
of the anterior leaflet of the mitral valve to the IVS during 
systole. As a result, cardiac output decreases as does the 

Table 2. Comparison between prenatal and postnatal assessments of the IVS thickness, RMWT, and LMWT.

PRENATAL POSTNATAL MPD ± SD P VALUE

IVS thickness (mm) 4.16 ± 1.02 4.21 ± 1.03 0.04 ± 0.18 0.004

Right myocardial thickness (mm) 4.73 ± 0.84 4.63 ± 0.76 0.08 ± 0.21 0.002

Left myocardial thickness (mm) 5.30 ± 8.06 5.23 ± 0.77 0.09 ± 0.19 0.001

Notes: Data are presented as mean ± SD. *Analysis is done using paired student’s t-test.
Abbreviations: IVS, interventricular septum; MPD, mean paired difference; SD, standard deviation. 
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Figure 1. ROC curves for estimating the association between prenatal 
IVS thickness, right and left myocardial thicknesses, and postnatal 
diagnosis of HCM. 
Notes: All of those measurements showed significant predictability 
of HCM, with the prenatal IVS thickness being the most predictable, 
having the largest area under the curve (AUC). A prenatal IVS 
thickness $4.5 mm was associated with a postnatal diagnosis of HCM 
at a sensitivity of 82%, a specificity of 68%, a positive predictive value 
(PPV) of 37%, a negative predictive value (NPV) of 94%, a positive 
likelihood ratio (LR+) of 2.6, and an overall accuracy of 72%. AUC for 
prenatal IVS thickness: 0.80, 95% CI (0.66 to 0.93), p , 0.001. AUC  
for prenatal right myocardial thickness: 0.70, 95% CI (0.57 to 0.84),  
p = 0.003. AUC for prenatal left myocardial thickness: 0.68, 95% 
CI (0.53 to 0.82), p = 0.01. AUC, 95% CI: area under the curve and its 
95% confidence interval.

Figure 2. ROC curve for estimating the association between prenatal IVS 
thickness-to-left myocardial thickness (IVS:LMWT) ratio, and postnatal 
diagnosis of HCM. 
Notes: A prenatal IVS: LMWT ratio #1.18 was associated with a 
postnatal diagnosis of HCM at a sensitivity of 82%, a specificity of 72%, a 
PPV of 40%, a NPV of 95%, a LR+ of 3, and an overall accuracy of 74%. 
AUC: 0.75, 95% CI (0.63 to 0.87), p = 0.003. AUC, 95% CI: area under 
the curve and its 95% confidence interval.

stroke volume. This effect is proportionate with the severity 
of septal hypertrophy. A disproportionally hypertrophic IVS 
in utero is an anabolic response due to fetal hyperinsulinemia 
caused by maternal hyperglycemia, which could be directly 
affected by the tightness of glycemic control.14,15 Further-
more, Vural et al16 stated that symptomatic HCM affects 
12.1% of IDMs, while it is diagnosed in 30% of IDMs by 
routine echocardiography. In the current study, four (3.6%) 
neonates had a low EF (,50%) due to HCM; of them two 
(1.8%) neonates died within one week after delivery and had 
a prenatal IVS thickness of $4.5 mm and a prenatal IVS/
LMWT ratio of #1.18.

Table 3. Multivariate regression analysis for association between 
prenatal IVS thickness and IVS/LMWT ratio and postnatal diagnosis 
of HCM.

UNADJUSTED
OR (95% CI)

ADJUSTED
OR (95% CI)

Prenatal IVS thickness
$4.5 mm

9.73 (4.04 to 31.15) 3.02 (1.1 to 11.65)

Prenatal IVS:LMWT ratio
#1.18

11.83 (3.67 to 38.15) 3.78 (1.2 to 14.80)

Abbreviations: IVS, interventricular septum; LMWT, left myocardial wall 
thickness; OR (95% CI), odds ratio and its 95% confidence interval.

Cooper et al17 concluded that high levels of HbA1c in the 
third trimester and maternal hyperglycemia were associated 
with thick neonatal IVS and macrosomia. Similarly, in the 
current study, all cases that had poor perinatal outcome had 
poor glycemic control (with HbA1c . 6.5%) and had preges-
tational DM. Yet, Vela-Huerta et al18 showed that pregnant 
diabetic women who achieved a low HbA1c ,6.5% indicat-
ing tight maternal blood glucose control were not guaranteed 
a normal sized fetal heart or a normal IVS thickness.

Jaeggi et al19 studied different cardiac functions and 
interventricular septal thicknesses of the fetuses of tightly 
controlled diabetic mothers in comparison to normal fetuses 
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prenatal ultrasound features with postnatal outcome, which is 
infrequently encountered in the published literature.

Conclusion
A prenatal IVS thickness of $4.5 mm or an IVS/LMWT ratio 
of #1.18 seems to be predictive of HCM and is associated with 
almost twofold higher risk of intrauterine fetal death and almost 
threefold higher risk of possibly relevant perinatal mortality.
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Figure 3. Fetal interventricular septal thickness 6 mm in a case of 
uncontrolled pregestational diabetes mellitus with pregnancy by 2D 
ultrasound.

Table 4. Association between prenatal IVS thickness and IVS/LMWT 
ratio, and IUFD and relevant perinatal mortality.

IUFD
(n = 10)
RR (95% CI)

POSSIBLY 
RELEVANT PERINA-
TAL MORTALITY*
(n = 12)
RR (95% CI)

Prenatal IVS thickness
$4.5 mm

2.15 (1.45 to 3.18) 2.63 (2.07 to 3.35)

Prenatal IVS:LMWT ratio
#1.18

1.88 (1.17 to 3.01) 2.63 (2.07 to 3.35)

Notes: *Possibly relevant perinatal mortality includes both the cases of IUFD 
and neonatal death due to heart failure.
Abbreviations: IVS, interventricular septum; LMWT, left myocardial wall 
thickness; IUFD, intrauterine fetal demise; RR (95% CI), relative risk and its 
95% confidence interval.

of uncomplicated pregnancies with matched gestational age. 
The interventricular septa of fetuses of diabetic mothers were 
significantly thicker than the healthy fetuses, yet cardiac 
functions in both groups were within the normal range in 
utero. Their results regarding the IVS thickness were similar 
to the current study, yet they did not correlate their results 
with postnatal cardiac functions as in the current study. 
Moreover, their study included exclusively well-controlled 
diabetic women in the study group.

Some limitations of the present study should be acknowl-
edged. Detailed prenatal echocardiography of the fetus was not 
done, which would have added more value to the relationship 
between prenatal predictive results and postnatal outcome. 
In addition, the autopsy of stillborn fetuses and postmortem 
analysis of neonates were not done, as it is not done routinely 
and parents did not grant permission for the same; hence, 
the exact cause of death could not be confirmed. In addition, 
a larger study with a greater number of participants should 
be conducted to confirm the conclusion reached. Yet, one 
important strength of the current study is the correlation of 
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