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Eunice Kennedy Shriver National Institute of Child Health and Human Development 
Maternal-Fetal Medicine Units (MFMU) Network

Abstract

Objective: Fetal electrocardiogram (ECG) ST-changes are associated with fetal cardiac hypoxia. 

Our objective was to evaluate ST-changes by maternal diabetic status and stage of labor.

Methods: Secondary analysis of a multi-centered randomized-controlled trial in which laboring 

patients with singleton gestations underwent fetal ECG scalp electrode placement and were 

randomly assigned to masked or unmasked ST-segment readings. Our primary outcome was the 

frequency of fetal ECG tracings with ST-changes by stage of labor. ECG tracings were categorized 

into mutually exclusive groups (ST-depression, ST-elevation without ST-depression or no ST-

changes). We compared participants with pre-gestational diabetes mellitus (DM), gestational DM 

(GDM), and no DM.

Results: Of the 5,436 eligible individuals in the first stage of labor (95 with pre-gestational 

DM and 370 with GDM) 4,427 progressed to the second stage. ST-depression occurred more 

frequently in the first stage of labor in participants with pre-gestational DM (15%, aOR 2.20, 

95% CI 1.14-4.24) and with GDM (9.5%, aOR 1.51, 95% CI 1.02-2.25) as compared with 

participants without DM (5.7%). The frequency of ST-elevation was similar in participants with 

pregestational DM (33%, aOR 0.79, 95% CI 0.48-1.30) and GDM (33.2%, aOR 0.91, 95% CI 

0.71-1.17) as compared with those without DM (34.2%). In the second stage, ST-depression 

did not occur in participants with pre-gestational DM (0%) and occurred more frequently in 

participants with GDM (3.5%, aOR 2.01, 95% CI 1.02-3.98) as compared with those without DM 

(2.0%). ST-elevation occurred more frequently in participants with pregestational DM (30%, aOR 

1.81, 95% CI 1.02-3.22) but not with GDM (19.0%, aOR 1.06, 95% CI 0.77-1.47) as compared 

with those without DM (17.8%).

Conclusion: ST-changes in fetal ECG occur more frequently in fetuses of diabetic mothers 

during labor.

ClinicalTrials.gov number, NCT01131260

Precis:

ST-changes in fetal electrocardiogram, a marker of fetal cardiac hypoxia, occur more frequently in 

fetuses of diabetic parturients
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Introduction:

Fetal electrocardiogram (ECG) is a technique used to evaluate the fetal heart. In animal 

models, waveform analysis, specifically changes in the ST-segment (ST elevation or 

depression), provides a measure of myocardial hypoxia1 2 3 4 and these ECG changes 

are thought to precede cerebral hypoxic damage 5. These findings, among others, led to 

Plunkett et al. Page 2

Am J Perinatol. Author manuscript; available in PMC 2024 January 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://ClinicalTrials.gov
https://clinicaltrials.gov/ct2/show/NCT01131260


evaluation of the clinical application of fetal ECG waveform analysis as an adjunct to 

continuous fetal heart rate monitoring among laboring patients. To date, six randomized 

controlled trials have been conducted to evaluate whether fetal ECG waveform analysis 

results in improved perinatal outcomes 6 7 8 9 10 11; these studies have had varying results.

Fetal hypertrophic cardiomyopathy (HCM) and/or fetal cardiac dysfunction have been 

reported in 30-70% of fetuses of patients with pre-gestational diabetes mellitus (DM) 12 13 14 

15 16 17 and 9-50% in fetuses of patients with gestational diabetes mellitus (GDM) 18 19. In 

pregnant patients with DM, the fetal HCM or cardiac dysfunction typically develops in the 

third trimester18. As fetal echocardiography is not routinely performed late in pregnancy, the 

condition is often undiagnosed outside of a study protocol. Fortunately, the clinical course 

is benign for the majority of these infants and most experience rapid post-natal resolution 

of the cardiac findings20. However, the clinical course is not universally favorable and a 

minority of these infants experience adverse events including perinatal demise21 22 23.

We hypothesize that HCM or cardiac dysfunction, both of which occur commonly 

among fetuses of mothers with DM12-17, may be associated with diminished fetal cardiac 

oxygenation during labor and concomitant changes in the fetal ECG waveform. Such 

information, compromised cardiac function in a fetus during labor, may have clinical 

implications for labor management. An understanding of when these changes may occur 

(first or second stage of labor) may also provide insight into the fetal response to labor as it 

progresses from the first to the second stage. The objective of this analysis was to evaluate 

ST-changes by maternal diabetic status and stage of labor.

Methods:

We conducted a secondary analysis of the trial, “A Randomized Trial of Intrapartum 

Fetal ECG ST-Segment Analysis,” which was conducted at 26 hospitals within the Eunice 
Kennedy Shriver National Institute of Child Health and Human Development Maternal-

Fetal Medicine Units Network from 2010 through 2013. Details of the study design and 

methods have been published elsewhere11. Institutional review board approval was secured 

at each participating hospital. Briefly, in the parent trial, laboring patients with a singleton 

gestation who were 36 1/7 weeks gestation or greater who had cervical dilation between 

2-7 cm were eligible to participate. Consenting individuals had fetal electrocardiogram 

scalp electrodes (Neoventa S31, Neoventa Medical) placed and were randomly assigned 

to masked or unmasked ST-segment readings. In the masked group, the scalp electrode 

functioned as a normal fetal heart rate monitor. In the open group, the fetal heart rate tracing 

was displayed in addition to computer-generated and displayed fetal electrocardiographic 

ST-segment analysis. To perform ST-segment analysis, the Neoventa system continuously 

monitors baseline fetal ECG data and each time a ST elevation occurs--either baseline 

(>0.05 units above the T/QRS ratio baseline and lasting greater than 10 minutes) or episodic 

(>0.10 units above and lasting 10 minutes or less) or depression (in the form of a biphasic 

T-wave) occurs, a notification of a ST-event was automatically displayed as an alert on the 

monitor. These alerts were to be used as an adjunct to the interpretation of fetal heart rate 

tracing when an uncertain tracing was detected. Management was dictated by pre-specified 

Plunkett et al. Page 3

Am J Perinatol. Author manuscript; available in PMC 2024 January 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



guidelines11. The ST-segment changes for each labor tracing were saved in a digital file, 

with the files being combined and used for this analysis.

In this analysis, we included individuals with available ECG-waveform analysis and 

excluded those found to have major fetal anomalies. Our primary outcome was the 

frequency of fetal ECG tracings with ST-changes by stage of labor compared according to 

whether individuals had the diagnosis of pregestational DM, GDM or no DM. ECG tracings 

were categorized into mutually exclusive groups (ST-depression, ST-elevation without ST-

depression or no ST-changes). We defined ST-depression as any waveform analysis that 

contained one or more ST-depressions. We defined ST-elevation as any waveform analysis 

that contained one or more ST-elevations without ST-depression and defined no ST-changes 

as any waveform analysis in which no ST-events were detected. Maternal demographic and 

clinical characteristics were determined by patient interview and chart review as indicated. 

Chronic hypertension was defined as the diagnosis or treatment of hypertension at any point 

prior to 20 weeks of gestation. Hypertensive disease of pregnancy included the diagnosis of 

gestational hypertension or preeclampsia at any time after 20 weeks of gestation. The first 

stage of labor was defined by labor prior to cervical dilation of 10 cm and the second stage 

of labor was defined as labor after cervical dilation of 10 cm.

Maternal demographic and clinical characteristics were compared between participants 

with pregestational DM or GDM, each with no DM, using the Wilcoxon rank-sum 

test for continuous variables and the chi-square test for categorical variables. For fetal 

electrocardiogram outcomes, separate analyses were performed for the first and second 

stage of labor for each comparison. Unadjusted comparisons of ST- depression and ST- 

elevation with no ST- changes were performed with the chi-square test, or Fisher exact test 

when appropriate. We developed parsimonious multivariable logistic regression models that 

included baseline characteristics associated with diabetic status in the univariable analysis 

(P<0.05) and iteratively removed variables until only those with P values less than 0.05 were 

retained. Duration of fetal monitoring for each stage of labor was included in the models to 

control for the length of observation and time in labor. Analyses were performed using SAS 

9.4. A P-value of <0.05 was chosen to denote significance. No adjustments were made for 

multiple comparisons. No imputation for missing data was performed.

Results:

Our study included 5,436 eligible patients in the first stage of labor and 4,427 who 

then progressed to the second stage of labor (Figure 1). Of these, 95 participants had 

pregestational DM (28 Type 1 and 67 Type 2) and 370 had GDM. In univariable analyses, 

participants with DM were more likely to be older, heavier, Hispanic or Black, publicly 

insured and have hypertensive disorders as displayed in Table 1.

In unadjusted analyses, during the first stage of labor the frequency of fetal ECG tracings 

with ST-depression was higher in fetuses of participants with pregestational DM (15%, 

P<0.001), and GDM (9.5%, P=0.004) as compared with no DM (5.7%). However, the 

frequency of fetal ECG tracings with ST-elevation without depression was comparable in 
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those with pregestational DM (33%, P=0.70) and GDM (33.2%, P=0.86), compared with no 

DM (34.2%).

In the second stage of labor, there were no tracings with ST-depression in fetuses of 

participants with pregestational DM, and there were few tracings with ST-depression in 

fetuses of those with GDM (3.5%, P=0.08) compared with no DM (2.0%) in unadjusted 

analyses. However, during the second stage of labor, tracings with ST-elevation without 

depression occurred with greater frequency among fetuses of participants with pregestational 

DM (30%, P=0.02), but not GDM (19.0%, P=0.50) as compared with those with no DM 

(17.8%) in unadjusted analyses. It should be noted that the duration of the second stage 

of labor was fairly short with a median of 36, 26 and 27 minutes for participants with 

pregestational DM, GDM and no DM, respectively, and results should be interpreted in this 

context.

Multivariable models were adjusted for maternal race and ethnicity, insurance type, 

education, and duration of fetal ECG monitoring. In the adjusted model, fetal ECG tracings 

with ST-depression occurred significantly more frequently in the first stage of labor in 

participants with pregestational DM (aOR 2.20, 95% CI 1.14-4.24) and with GDM (aOR 

1.51, 95% CI 1.02-2.25), as compared with those with no DM. In the second stage of 

labor, fetal ECG tracings with ST-depression occurred more frequently in participants with 

GDM as compared with no DM (aOR 2.01, 95% CI 1.02-3.98). Fetal ECG tracings with 

ST-elevation occurred more frequently in those with pregestational DM (aOR 1.81, 95% CI 

1.02-3.22) but not with GDM (aOR 1.06, 95% CI 0.77-1.47), as compared with no DM.

Discussion:

Our analysis demonstrated that fetal ECG tracings with ST-segment changes occurred more 

frequently among fetuses of participants with pregestational DM and GDM as compared 

with those with no DM. The findings varied by the specific type of ST-segment change and 

by stage of labor. Specifically, in multivariable analyses, the odds of fetal ECG tracings 

with ST-depression were significantly higher among fetuses of those with pregestational 

DM (aOR 2.20, 95% CI 1.14-4.24) and GDM (aOR 1.51, 95% CI 1.02-2.25) during the 

first stage of labor. During the second stage of labor, the odds of fetal ECG tracing with 

ST-elevation (without depression) were significantly higher among fetuses of participants 

with pregestational DM (aOR 1.81, 95% CI 1.02-3.22) and the odds of ST-depression was 

significantly higher among fetuses of participants with GDM (aOR 2.01, 95% CI 1.02-3.98). 

Taken together, these findings demonstrate that ST-changes in fetal ECG, a marker of fetal 

cardiac hypoxia, occur more frequently in fetuses of diabetic participants and suggest that 

the effects of maternal diabetes on the fetal heart are not limited to structural abnormalities.

In many respects, our findings are similar to the one previous analysis that evaluated 

ST-events in fetuses of patients with DM 24. Yli et al performed a secondary analysis of 

1,088 participants (75 with pregestational DM, 338 with GDM and 675 with no DM) drawn 

from two separate clinical trials, Yli found that fetal ECG tracings with ST elevation without 

depression occurred frequently among fetuses of all participants. The prevalence in patients 

with pregestational DM was 45%, 44% with GDM and 40% with no DM. These findings 
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were similar to our analysis for the first stage of labor with a prevalence of 33%, 33% and 

34% for fetuses of participants with pregestational DM, GDM and no DM, respectively. Yli 

found ST-depression occurred more frequently in fetus of patients with pregestational DM 

with an odds ratio of 2.6 (95% CI 1.4-4.7) in multivariable analyses adjusted for trial, birth 

weight, and nulliparity. We similarly found an increased odds of fetal ECG-tracings with 

ST-depression in fetuses of participants with pregestational DM.

However, Yli’s results differed from ours, in that she did not find a statistically significant 

relationship in adjusted analyses between ST-depression and fetuses of individuals with 

GDM. We did find this association but it was limited only to the second stage of labor. As 

Yli’s analysis was not stratified by stage of labor, and the number of events were small, the 

difference in the analytic approach may explain our discordant results.

It is not entirely clear why ST-changes may occur differentially in the first and second stage 

of labor in fetuses of patients with pregestational DM as compared to fetuses of those with 

GDM. It is possible that fetus of patients with GDM have a milder hypertrophic cardiac 

phenotype than fetuses of those with pregestational DM and that they do not demonstrate 

ST-changes until later in the labor course. However, fetal echocardiogram findings would be 

required to substantiate this supposition. In addition, it is important to note that patients who 

went on to the second stage of labor (n=4,427) represent a subset of the patients who were 

included in this analysis for the first stage of labor (n=5,436). Those that did not enter into 

the second stage of labor were delivered by cesarean delivery either due to labor dystocia 

or fetal heart rate concerns and thus represent a different population than those in the first 

stage of labor. It is possible that fetuses with ST-depression in the first stage were less likely 

to continue on to the second stage. It is also possible that the short duration of the second 

stage (approximately 30 minutes on average) as compared to the longer duration of the first 

stage (3-4 hours), contributed to the reduced frequency of ST-depression in the second stage 

amongst patients with pregestational DM, GDM and no DM.

In both Yli’s analysis and ours, ST-elevation occurred relatively frequently among fetuses 

of participants with and without DM. These findings are similar to those in animal studies. 

In the sheep model, repeated umbilical cord occlusion was applied to create intermittent 

hypoxia to simulate decreased placental oxygenation during contractions 2. Fetuses who 

experienced occlusion every 5 minutes demonstrated predominantly ST-segment elevation 

with recovery between each occlusion. However, those fetuses that were subject to more 

frequent periods of occlusion, every 2.5 minutes, demonstrated progressive deterioration in 

the ECG tracing with ST-depression noted after prolonged periods 2. Similarly, prolonged 

umbilical cord occlusion in sheep prompted ST-depression in the form of biphasic T-

waves25. A similar progression from ST-elevation to ST-depression was observed when 

fetal lambs were exposed to progressive degrees of hypoxia 1. It is possible that ST-elevation 

that occurs frequently during labor represents transient myocardial hypoxia with recovery, 

and those fetuses that experience ST-depression no longer have sufficient myocardial reserve 

to compensate for the myocardial hypoxic event. In contrast to animal models, in this 

secondary analysis of a clinical trial, we do not have direct measurements of fetal hypoxemia 

or cardiac hypoxia at the time of ST-events to substantiate our findings.
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Our study is limited by lack of fetal echocardiography data and lack of more detailed 

data regarding diabetes control. Factors including patient hemoglobin A1C levels, 

insulin requirements, fetal macrosomia and polyhdramnios may be associated with fetal 

hypertrophic cardiomyopathy and fetal ECG findings.

Our analysis has several strengths, among them its large size and prospective data collection 

by trained research personnel. In addition, the parent trial took place across 26 hospitals 

in the United States and represents a racially and ethnically diverse patient population, 

making the findings broadly generalizable. Our analysis is limited in that we do not have 

data regarding maternal diabetic treatment or diabetic control. We also do not have fetal 

echocardiogram data to determine the underlying fetal cardiac structure or function that 

may be associated with the increased frequency of ST-changes among fetuses of diabetic 

patients. The prevalence of fetal hypertrophic cardiomyopathy and/or cardiac dysfunction is 

relatively high among fetuses of diabetic patients [1-8], but we were unable to directly assess 

the fetal heart for the presence or absence of hypertrophy in this secondary analysis. Thus, 

the association between diabetic hypertrophic cardiomyopathy and fetal ST-changes remains 

speculative. Other factors, including maternal vascular abnormalities and altered placental 

perfusion may contribute to fetal cardiac hypoperfusion as well.

In summary, our analysis demonstrated that in adjusted models, ST-changes occurred more 

frequently in fetuses of participants with pregestational DM in both the first and second 

stages of labor and with GDM in the second stage of labor as compared with fetuses of those 

who did not have DM. The findings of the study suggest that the effects of diabetes on the 

fetal heart are not limited to structural abnormalities and may warrant further study.
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Key points:

1. Fetal hypertrophic cardiomyopathy (HCM) and cardiac dysfunction occur 

frequently among fetuses of diabetic patients

2. Fetal ECG changes such as ST elevation and depression reflect cardiac 

hypoxia

3. Fetuses of diabetic patients demonstrate higher prevalence of fetal ECG 

tracings with ST changes
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Figure 1. 
Participant Inclusion and Exclusion
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Table 1.

Maternal demographic and clinical characteristics

Pregestational
DM

N=95 P-valuea
GDM
N=370 P-valueb

No DM
(Referent)

N=4971

Maternal age (years) 30.1 ± 7.1 <0.001 29.9 ± 6.1 <0.001 27.1 ± 5.8

Race/ethnicity 0.003 <0.001

 Black 22 (23) 69 (18.7) 1132 (22.8)

 Hispanic 42 (44) 173 (46.8) 1449 (29.2)

 White/Other 31 (33) 128 (34.6) 2390 (48.1)

Nulliparous 36 (38) 0.32 141 (38.1) 0.06 2139 (43.0)

Public insurance/none 74 (78) <0.001 260 (70.5) <0.001 2939 (59.1)

Education (years) 11.9 ± 2.9 0.001 12.2 ± 3.2 <0.001 12.9 ± 2.6

BMI at admission (kg/m2) 37.7 ± 8.2 <0.001 35.6 ± 7.3 <0.001 32.4 ± 6.9

Tobacco use 12 (13) 0.09 27 (7.3) 0.67 393 (7.9)

Illicit drug use 4 (4) 0.33 4 (1.1) 0.06 133 (2.7)

Chronic hypertension 21 (22) <0.001 33 (8.9) <0.001 154 (3.1)

Gestational hypertensive disorders 27 (28) <0.001 53 (14.3) 0.03 535 (10.8)

Duration of labor

 First stage (hours) 4.7 (2.7-7.5) <0.001 3.4 (1.8-6.1) 0.003 3.0 (1.5-5.2)

 Second stage (minutes) 36 (11-70) 0.98 26 (13-64) 0.74 27 (14-60)

BMI = body mass index; DM = diabetes mellitus; GDM = gestational diabetes mellitus.

Data presented as mean ± standard deviation, median (interquartile range), or n (%). Significant associations (P<0.05) are in bold.

a
Pregestational DM versus no DM

b
GDM versus no DM
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