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Abstract

Background—Intrapartum electronic fetal monitoring (EFM) is the most commonly used tool in
obstetrics in the United States, however, which EFM patterns predict acidemia remains unclear.

Objective—This study was designed to describe the frequency of patterns seen in labor using
modern nomenclature, and to test the hypothesis that visually interpreted patterns are associated
with acidemia and morbidities in term infants. We further identified patterns prior to delivery,
alone or in combination, predictive of acidemia and neonatal morbidity.

Design—This was a prospective cohort study of 8,580 women from 2010 to 2015. Patients were
all consecutive women laboring at = 37 weeks gestation with a singleton cephalic fetus. EFM
patterns during the 120 minutes prior to delivery were interpreted in 10-minute epochs.
Interpretation included the Category system and individual EFM patterns per the Eunice Kennedy
Shriver National Institute of Child Health and Human Development (NICHD) criteria as well as
novel patterns. The primary outcome was fetal acidemia (umbilical artery pH < 7.10); neonatal
morbidities were also assessed. Final regression models for acidemia adjusted for nulliparity,
pregestational diabetes, and advanced maternal age. Area under the receiver-operating
characteristic curves (AUC) were used to assess the test characteristics of individual models for
acidemia and neonatal morbidity.

Results—Of 8,580 women, 149 (1.7%) delivered acidemic infants. Composite neonatal
morbidity was diagnosed in 757 (8.8%) neonates within the total cohort. Persistent Category I, and
10-minute period of Category I1l, were significantly associated with normal pH and acidemia,
respectively. Total deceleration area was most discriminative of acidemia (AUC=0.76; 95% CI.
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0.72-0.80), and deceleration area with any 10 minutes of tachycardia had the greatest
discriminative ability for neonatal morbidity (AUC=0.77; 95% CI: 0.75-0.79). Once the threshold
of deceleration area is reached the number of cesareans needed-to-be performed to potentially
prevent one case of acidemia and morbidity is 5 and 6, respectively.

Conclusions—Deceleration area is the most predictive EFM pattern for acidemia, and combined
with tachycardia for significant risk of morbidity, from the EFM patterns studied. It is important to
acknowledge that this study was performed in patients delivering at or beyond 37 weeks which
may limit the generalizability to preterm populations. We also did not use computerized analysis
of the EFM patterns because human visual interpretation was the basis for the NICHD categories,
and importantly, it is how EFM is used clinically.

Keywords

electronic fetal monitoring; acidemia; pregnancy; term infants; deceleration area; neonatal
morbidity

Introduction

Intrapartum electronic fetal monitoring (EFM) is the most commonly used tool in obstetrics
in the United States (U.S.), with 85% of the over 4 million deliveries each year having EFM.
1 Over the last 60 years, EFM has become the standard of care in U.S. hospitals to monitor
the fetus during labor, despite the lack of evidence to support its ability to reduce neonatal
morbidity and mortality.2:3 Acidemia at the time of birth is a risk factor for neonatal
morbidity, including neurologic injury and mortality,%® and EFM promised to be a non-
invasive tool to reduce adverse outcomes by identifying fetuses developing acidemia.b It
gained widespread use without supportive scientific evidence. Obstetric care providers use
EFM patterns to identify fetuses at risk for acidemia and to make clinical decisions
regarding delivery, often by cesarean. This has contributed, at least in part, to the dramatic
rise in the cesarean rate.82

Data regarding EFM patterns and their association with acidemia are limited.10 After an
early description, in 1969, associating groups of EFM patterns with progressively worse
umbilical artery pH,11 randomized controlled trials failed to demonstrate improved
outcomes with the use of EFM during labor.12-17 A recent meta-analysis of over 37,000
women, evaluated the effectiveness of EFM during labor and concluded the use of
continuous EFM was not associated with improved Apgar scores, reduced hypoxic ischemic
encephalopathy or neonatal mortality.}3 Despite widespread adoption of the Eunice Kennedy
Shriver National Institute of Child Health and Human Development (NICHD) Category
system in the U.S.,18 which EFM patterns predict acidemia remains unclear. Moreover,
obstetric care providers need guidance to help them use the patterns seen at the bedside to
understand the likelihood of normal pH or acidemia.

We aimed to describe the frequency of EFM patterns seen in labor using modern
nomenclature, and assess their association with acidemia and neonatal morbidity. We
hypothesized that some visually interpreted EFM patterns are associated with acidemia and
morbidities in term infants, while others can help identify infants with a normal pH. We
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further aimed to identify EFM patterns, which alone or in combination, are predictive of
acidemia and neonatal morbidity.

Materials and Methods

This was a single-center prospective cohort study of all consecutive women in labor at > 37
0/7 weeks gestation with a singleton, non-anomalous infants from 2010 through 2015. The
Washington University School of Medicine Human Research Protection Office approved this
study prior to enrollment (1ID# 201102438). Universal continuous EFM and umbilical artery
pH are standard of care at our institution. Patient were included if they had umbilical artery
pH availability and sufficient EFM, defined as at least 30 minutes of EFM data in the 120
minutes prior to delivery. This definition prevented exclusion of cases with clinical events
precluding optimization of continuous monitoring, as well as to enable generalizability.
Participants who did not experience labor, did not have continuous EFM, or did not have an
umbilical artery pH were excluded.

The primary outcome was fetal acidemia, defined as umbilical artery pH <7.10. A pH <7.10
was chosen to test the possibility that EFM patterns could assist in identifying term fetuses
who have developed an abnormal pH but not severe enough to cause morbidity. To obtain
the umbilical artery pH, a segment of the umbilical artery cord was clamped immediately
after delivery. Whole blood was analyzed centrally using an automated benchtop analyzer
(GEM Premier 4000 Analyzer, Bedford, MA, USA) to measure the umbilical artery pH and
associated components. Secondary outcomes included neonatal composite morbidity, which
included any one or more of the following: mechanical ventilation, seizures, treatment for
sepsis, respiratory distress, meconium aspiration, therapeutic hypothermia and death.

EFM patterns in the final 120 minutes prior to delivery were interpreted in 10-minute epochs
by trained obstetric research nurses with high inter- and intraobserver reliability. The
obstetric research nurses underwent blind re-reading of 30 EFM tracings after every 500
patients during the course of the study, with a range of Spearman’s correlation coefficients
of 0.83 — 0.95, mean differences in deceleration area of 108 + 248 (intra-) and 154 + 424
(inter-), and were blind to all outcome and clinical data as well as group assignment.1® EFM
recordings were obtained with external and internal monitors, as clinically indicated. Five
elements of the EFM recording were extracted using the strict and unambiguous definitions
from the NICHD criteria (Table 1)20 and then used to categorize the EFM recordings into
one of the three accepted categories: Category |, Category Il, or Category Ill, as well as
quantitatively and semi-quantitatively (Table 2).20-21 We estimated deceleration area as the
sum of the areas within the deceleration, and each area was estimated as %2 x duration x

depth in the final 120 minutes of EFM as a measure of both quantity and severity (Figure 1).
22-24

Statistical Analyses

Descriptive and bivariate analyses compared baseline characteristics between those with
acidemia and those without; Chi-square or Fisher exact test, for categorical variables, and
the Mann-Whitney U'test, for continuous variables. Log-binomial regressions were used to
estimate the risk ratios for acidemia in the presence of each EFM pattern in the final 120
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minutes prior to delivery. Initial regressions contained the following covariates: advanced
maternal age (= 35 years old), body mass index (BMI), pregestational diabetes, parity,
prostaglandin, Foley bulb, infant birthweight, and maternal fever. Additionally, delivery year
was tested as a possible covariate but was found to be insignificant and thus did not remain
in the final model. Covariates were retained in the model if their impact on the effect size of
the primary covariate was more than 10%. The final regression models adjusted for
nulliparity, pregestational diabetes and advanced maternal age. The association and
predictive ability of EFM patterns and normal pH was also estimated.

Area under the receiver-operating characteristic curves (AUC), sensitivity, specificity,
positive predictive value (PPV), and negative predictive values (NPV) estimated the
discriminative efficiency of EFM patterns, alone or in combination, to predict acidemia and
morbidity. AUCs were compared using the method of Delong.2® The optimal cut points of
total deceleration for acidemia or neonatal morbidity were identified using the Youden
index, which maximizes the sum of sensitivity and specificity.28 The predictive models for
acidemia and neonatal morbidity were internally validated using bootstrap analysis of
10,000 samples with replacement to obtain more stable and robust estimates.

Historically, clinical reliance has been placed on the presence of moderate variability as a
reliable feature for normal pH even in the setting of other concerning patterns; therefore,
various periods of moderate variability were forced into the final predictive models for
acidemia to test whether those models would have diminished predictive ability. We
estimated the number of cesareans that need to be performed, also considered the number
needed to treat (NNT), to prevent one case of acidemia or neonatal morbidity based on the
most predictive models and the Youden cut point. All analyses were performed using SAS
software, Version 9.4 for Windows (Cary, North Carolina).

A total of 14,450 women admitted for delivery during the study period, and 10,997 were =
37 0/7 weeks’ gestation, singleton and without a diagnosis of a major anomaly. In all, 912
did not meet inclusion criteria and were excluded: 530 for insufficient EFM, 373 lacking an
umbilical artery pH, and 9 who were incarcerated, leaving 8,580 for analysis (Figure 2). Of
the 8,580 women meeting inclusion criteria, 149 (1.7%) delivered infants with acidemia and
8,431 (98.3%) without acidemia. Women who delivered infants with acidemia were more
likely to be nulliparous, older, have pregestational diabetes and a higher median BMI In
addition to higher rates of cesarean delivery, cesarean for indication of non-reassuring fetal
status, and prostaglandin and Foley bulb use (Table 3).

Associated EFM Patterns and Predictors of normal umbilical artery pH

Category | throughout the final 120 minutes was rare, occurring in 0.4% (n=37/8580) of
patients, but all had a normal pH. In the last 120 minutes prior to delivery infants who had
mostly Category | tracings (adjusted risk ratio [aRR], 1.01; 95% confidence interval [CI],
1.01-1.02) or ever had Category | tracings (aRR 1.02; 95% CI 1.01-1.03) were significantly
more likely to have normal pH. The specificity of these EFM parameters for normal pH
(always, mostly, and ever Category I) were 64.4%, 57.7% and 65.8%, respectively. Moderate
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variability alone, in any number of epochs (always, mostly, ever), was not a significant
independent factor to predict normal pH. Presence of any acceleration in the 120 minutes
prior to delivery, whether spontaneous or induced by scalp stimulation, was independently
associated with a normal pH (aRR 1.02; 95% 1.01-1.03) (Table 4).

Associated EFM Patterns and Predictors of Acidemia

No patients had all or mostly periods of Category Il tracings. Any 10-minute period of
Category Ill tracing was rare, but these women were significantly more likely to have infant
acidemia at birth (aRR 8.72; 95% 2.92-26.04), with sensitivity of 69.1% and specificity of
50.0% (Table 4 and Table 5).

Of all the EFM patterns and features, total deceleration area was most discriminative of
acidemia with AUC of 0.76 (95% ClI: 0.72, 0.80). The Youden maximal cut point for this
model was 42,152, with sensitivity of 63.4% and specificity of 67.2%. The NPV was high
(99.2%), with a low PPV (4.0%). A model adding ever baseline tachycardia to total
deceleration area did not significantly improve the discriminative ability for acidemia (AUC:
0.77 versus 0.76, P=.97) (Figure 3A). Importantly, always, mostly, or ever moderate
variability did not dampen the ability to predict acidemia in the final models (Table 5). In the
presence of deceleration area over 42,152 within 120 minutes, the NNT was suggested at 5
cesareans to prevent one case of acidemia.

EFM Predictors of Neonatal Morbidity

Comment

Composite neonatal morbidity was diagnosed in 8.8% (n= 757/8580) of neonates within the
total cohort. Definitions and frequencies of the components of the composite neonatal
morbidity are described in Table 6. Some neonates were diagnosed with more than one
complication, with the most prevalent morbidities being respiratory distress (43.9%,
n=332/757) and requiring treatment for suspected sepsis (82.8%, n=627/757).

The best discriminative model for neonatal morbidity included total deceleration area (AUC:
0.66; 95% CI 0.64, 0.68), but the addition of ever baseline tachycardia (any 10-minute
period) significantly improved the discriminative ability (AUC=0.77 versus 0.66, A= .01)
(Figure 3B). The Youden maximal cut point was 50,761 for the total deceleration area alone.
The model combining total deceleration areas and ever tachycardia had sensitivity of 57.5%
and specificity was 84.6%. The NPV was high (95.4%), with a modest PPV (26.2%). As
with the acidemia models, always, mostly, or ever moderate variability did not diminish the
ability to discriminate morbidity. Any 10-minute period of Category Il (AUC = 0.63) alone
had the lowest discriminative ability (Table 7). In the presence of deceleration area at or
above the Youden cut point and any 10 minutes of tachycardia in the final 120, the NNT was
suggested at 6 cesareans to prevent one case of neonatal morbidity. Finally, 65 infants had
both acidemia and morbidity, and deceleration area performed similarly in its ability to
discriminate those with both (AUC 0.75, 95% CI 0.69 — 0.81).

EFM patterns in the final 120 minutes prior to delivery identified acidemia and morbidity
among infants born at or after 37 0/7 weeks’ gestation better than any previously published
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work. The most predictive EFM feature was total deceleration area for acidemia and a
combination of total deceleration area and any 10-minute period of baseline tachycardia for
neonatal morbidity. Any 10-minute period of Category 111 made acidemia 10-times more
likely, though it occurs too rarely to be an efficient predictor. Category | throughout the
entire final 120 minutes occurred only among those born with a normal pH, and this was
predominantly driven by the presence of accelerations. All, mostly, or any moderate
variability the final 120 minutes was not sufficient to independently predict a normal pH,
and did not dampen the ability to predict acidemia with deceleration area, with or without
tachycardia. Sensitivity of patterns, alone or in combination, was better than previously
published but PPV were low, demonstrating that EFM is a poor screening tool for acidemia
and morbidity.

Original publications described the association between EFM patterns and fetal pH, 6:27-29
but not the ability of EFM to predict and prevent injury. A recent meta-analysis summarized
the findings from 13 randomized controlled trials, comparing the ability of EFM to identify
infants with acidemia and morbidity to intermittent auscultation or intermittent EFM.13
While continuous EFM was associated with a decrease in neonatal seizures, there was no
evidence that EFM reduced the risk of acidemia or any other important measure or marker of
neonatal morbidity or mortality.13 Importantly, the evidence on association between EFM
and acidemia was low quality and prone to selection bias.13 Our study was in response to the
summary document from the 2008 consensus conference on EFM, which published the
NICHD Category system for describing and defining EFM patterns, and specified the need
for observation studies to describe specific patterns as well focus on indeterminate (Category
1) patterns and association with varying outcomes.8

EFM is used as a screening test, applied to almost every woman presenting for labor and
delivery in a hospital setting, but also as a diagnostic test, with the expectation that EFM can
identify infants with acidemia and enable clinical intervention to improve outcomes. Prior
research described poor test characteristics for using EFM either as a screening or diagnostic
test for cerebral palsy.30 Our findings describe better test properties than previously
published for the ability of EFM to differentiate between term infants with acidemia and risk
of morbidity and those without. While sensitivity remains weak, we found reasonable
predictive ability of specific patterns for acidemia and morbidity with the suggested NNT of
cesareans to prevent one case being 5 and 6, respectively. These findings regarding
deceleration area are also consistent with abnormal in The International Federation of
Gynecology and Obstetrics (FIGO) classification system.3!

We previously performed a retrospective cohort study of over 5000 women describing the
frequency and estimating the relationship between EFM patterns in the 30 minutes prior to
delivery and acidemia.32 Findings suggested prolonged, late and variable decelerations were
associated with acidemia and, for non-NICHD features, deceleration area was most
predictive of acidemia.32 However, this study was limited by its retrospective nature, with
patients only in the second stage of labor and with EFM patterns in the last 30 minutes prior
to delivery.32 A recently published case-control study of 204 infants also found that
deceleration area was the superior feature to identify infants with acidemia.33 These led us to
hypothesize that deceleration area might be an important predictor of acidemia and
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morbidity within a large, modern, and unselected cohort. Additionally, the predictive value
of tachycardia within our study remains consistent with findings from animal studies, which
suggests that with labor-like cord occlusions there is an increase in the magnitude and slope
of the fetal heart rate. 3435 The physiology of decelerations has been well-described36-40
and, regardless of type, they represent periods of compromised gas exchange for the fetus.
Furthermore, the authors acknowledge the conflict between the uses of low pH as an
outcome for the sensitivity and specificity of EFM tracings, given the primary purpose is to
avoid fetal acidemia; however, this study provides evidence for providers regarding
interpretation of Category Il patterns and the potential to prospectively test future impact on
acidemia and morbidity.34:3% The temporal relationships of EFM patterns are important
because prior animal studies also suggest the possibility that rather than pH falling over
time, it is the ability to restore normal pH with multiple and prolonged periods of impaired
gas exchange that explains the acidemia. This explanation would also be supported by
findings of the importance of deceleration area, such as in the present study.#143

In this study, the policies of universal cord gas acquisition and continuous intrapartum EFM
significantly reduced selection bias, inherent in previous studies where the measurement of
umbilical artery pH was dependent on physician judgment and the clinical condition of the
infant. Additionally, the large prospective design allowed collection of neonatal morbidities,
which are rare at term, enabling estimation of the association of EFM patterns with neonatal
morbidity. Formally trained obstetric research nurses interpreted the EFM recordings blind
to all clinical data.

Some potential limitations include the inability to necessarily generalize these findings to
intrapartum EFM patterns of pregnancies less than 37 weeks and those with known
anomalies. We did not use computerized analysis of the EFM patterns because human visual
interpretation was the basis for the NICHD categories, and importantly, it is how EFM is
used clinically. Furthermore, the authors acknowledge the conflict between the uses of low
pH as an outcome for the sensitivity and specificity of EFM tracings, given the primary
purpose is to avoid fetal acidemia; however, this study provides the potential for physicians
to gain additional knowledge to clinically intervene in future obstetric care. We chose a pH
cut-off of 7.10 to explore the ability of EFM patterns to predict infants who have developed
an abnormal pH but are not yet in a pH range where the morbidity risk is very high (i.e.
below 7.00). However, in choosing this threshold, we did not explore the ability of patterns
to predict milder pH abnormalities. Another possible limitation is that the inherent
observational nature of this research design, although obligatory to complete this study, may
have impacted prevalence estimates because of the latent impact of obstetric interventions.
However, it is also important that the key predictive features of EFM in our findings are not
currently used in clinical practice and thus, it should not have influenced the estimates of
this study. For this reason, the findings are useful in the context of EFM, and the prospective
use of these findings and features could assist in intervening and improving outcomes.
Deceleration area was estimated, but potential inaccuracies would have been non-differential
with respect to presence or absence of acidemia. We assessed EFM patterns and features
only in the last 120 min prior to delivery. While features within this time period proximal to
delivery would be most associated with outcomes, it does not take into account earlier events
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and EFM features. Despite these potential limitations, our findings contribute to the paucity
of existing literature on intrapartum EFM patterns.

The clinical translation of our findings is an important consideration. Tachycardia is a
visually identifiable EFM pattern, but deceleration is less so. We found the respective
Youden cut points of deceleration area for optimal prediction to be 42,152 and 50,761, for
acidemia and morbidity respectively. If a patient contracts every 3 minutes in the last 120
minutes prior to delivery, she will have about 40 contractions. If decelerations 60 beats
below the baseline for 60 seconds occur with even 24 or 28 of those, respectively, she will
reach that threshold regardless of the type of decelerations. Clinically, the current approach
to EFM patterns can include position change, blood pressure management, oxygen
supplementation, and amnioinfusion.44> However, there is no guidance regarding how long
to observe these patterns before deciding to intervene with delivery. Our findings offer
guidance as to objectively define thresholds at which the risk of acidemia and morbidity are
such that the number of cesareans needed-to-be performed to prevent one case of acidemia
or morbidity are relatively low.

In summary, we found that specific EFM patterns associated with and predictive of acidemia
and morbidity at near-term and term. Persistent Category I, and any 10-minute period of
Category Il1, were significantly associated with normal pH and acidemia, respectively.
Deceleration area was most predictive of acidemia, and in combination with any 10-minute
period of heart rate baseline tachycardia for neonatal morbidity, even when periods of
moderate variability were present. While EFM remains a poor screening test, clinically,
these patterns can help identify infants developing acidemia. At identifiable thresholds of
deceleration area, the NNT of cesareans to potentially prevent one case of acidemia or
morbidity was relatively low. These specific features of EFM patterns should be considered
in the clinical interpretation and algorithms to improve the performance of EFM.
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Implications and Contributions

A.  We aimed to measure EFM patterns in the two hours before delivery and
assess their association with acidemia and neonatal morbidity among term
infants.

B. Deceleration area, and deceleration area combined with tachycardia, were
most discriminatory for acidemia and neonatal morbidity, respectively.

C. In the setting of high total deceleration area, the number of cesareans needed-
to-be performed to prevent one case of acidemia or morbidity is relatively
low. These specific features of EFM patterns should be incorporated into
clinical interpretation and algorithms to improve the performance of EFM.
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Figure 1.

Illustration of deceleration area*

*Deceleration area was estimated by width of widest aspect of deceleration (below the
baseline) measured in seconds, multiplied by the maximum depth below the baseline,
divided by two
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Term singleton, non-
anomalous deliveries

Excluded
2,861 Preterm births
298 Major anomalies
294 Multiple gestations

9,492
Deliveries

Excluded
1,505 cesarean deliveries
prior to labor

l
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L

Excluded
530 Insufficient EFM
373 No Umbilical cord gas
9 Incarcerated patients

149 8,431
Acidemia No Acidemia

Figure 2.
Participants
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ROC Curve Comparisons for Acidemia ROC Curve Comparisons for Composite Neonatal Morbidity
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Comparisons for acidemia (A) and composite neonatal morbidity (B)
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Table 1

NICHD definitions of fetal heart rate parameters

Uterine activity: presence of contractions

Baseline fetal heart rate: approximation of the mean fetal heart rate of increments of 5 beats per minute (bpm), using a 10-minute window,
and excluding periodic changes; at least 2 of 10 minutes must be spent at the baseline, or the baseline for that period is indeterminate

. Normal: 110-160 bpm
. Bradycardia: <110 bpm
. Tachycardia: >160 bpm

Baseline fetal heart rate variability: the visual quantification of amplitude of the fluctuations of the fetal heart rate at the baseline; thought to
be a physiologic result of the interplay between fetal sympathetic and parasympathetic nervous systems

. Absent: undetectable amplitude
. Minimal: amplitude 1-5 bpm
. Moderate: amplitude 6-25 bpm
. Marked: amplitude >25 bpm

Accelerations: visually apparent abrupt increase in fetal heart rate, moving from baseline to peak in <20 seconds; must be at least 15 bpm
above baseline and last at least 15 seconds

Decelerations: a visually apparent decrease in fetal heart rate at least 15 bpm below the baseline, and further classified by type

. Late deceleration: visually apparent, often symmetric, gradual decrease (onset to nadir =230 seconds) and return of fetal heart
rate to baseline, but delayed- often with the onset, nadir, and resolution after the beginning, peak and end of the contraction

. Variable deceleration: visually apparent abrupt decrease in fetal heart rate, onset to nadir in <30 seconds, and return to baseline;
onset, depth, and duration often vary when occurring with contraction

. Early deceleration: visually apparent, often symmetric, graduate increase (onset to nadir =30 seconds) and return of fetal heart
rate to baseline associated with a uterine contraction, with the nadir occurring with the peak of contraction

. Prolonged deceleration: >2 minutes, by <10 minutes [>10 minutes is a baseline change]
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EFM Pattern Definitions
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Semi-quantitative Measures of Fetal Heart Rate Patterns in the Final 120 Minutes

Always: Present for all 120 minutes

Mostly: Present for = 80 minutes

Ever: Present for = 10 minutes

Total number of decelerations: the number of each type of deceleration (early, variable, late, prolonged) and their timing within the 120 minute
period was extracted

Normal (Category I)

Category | EFM recordings include all of the following:

Baseline rate: 110-160 beats per minute (BPM)
Baseline FHR variability: moderate

Late or variable decelerations: absent

Early decelerations: present or absent

Accelerations: present or absent

Indeterminate (Category I1)

Category Il EFM recordings include all not categorized as Category | or Category IlI.
Category Il EFM recordings may represent an appreciable fraction of those encountered in clinical care.
Examples of Category Il EFM recordings include any of the following:

Bradycardia not accompanied by absent variability

Tachycardia

Minimal or Marked variability

Absent variability not accompanied by recurrent decelerations

Absence of induced accelerations after fetal stimulation

Recurrent variable decelerations accompanied by minimal or moderate baseline variability
Prolonged deceleration

Recurrent late decelerations with moderate baseline variability

Variable decelerations with other characteristics, such as slow return to baseline, “overshoots”, or “shoulders”

Abnormal (Category I11)

Category Il EFM recordings include either:
Absent variability and any of the following:

Recurrent late decelerations
Recurrent variable decelerations
Bradycardia

Sinusoidal pattern
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1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

CAHILL etal.

Baseline Characteristics

Table 3

Acidemia (N=149)

| No Acidemia (N=8431) | P value

Am J Obstet Gynecol. Author manuscript; available in PMC 2019 May 01.

Maternal age, median (IQR), years 28 (22, 32) | 25 (21, 30) | .005
Advance maternal age, No. (%), years 24 (16.1) | 740 (8.8) | .003
Gestational age at delivery median (IQR), weeks | 39w4d(38w5d 40w 29) | 39 w34 (38 wks 39, 40 w 29) | 15
Maternal race, No. (%)
African-American 94 (63.1) 5471 (64.9)
Caucasian 39 (26.2) 1902 (22.6) 6
Latina 7(4.7) 606 (7.2) '
Asian 6 (4.0) 311 (3.7)
Other or Unknown 3(2.0) 141 (1.7)
BMI (median, IQR) | 32.4 (27.5, 38.8) | 30.9 (27.1, 35.8) | .02
Preeclampsia/Hypertension, No. (%) | 30 (20.1) | 1514 (18.0) | .56
Gestational diabetes, No. (%) | 6 (4.0) | 255 (3.0) | .46
Pregestational diabetes, No. (%) | 6 (4.0) | 117 (1.4) | .02
Nulliparous, No. (%) | 80 (53.7) | 3525 (41.8) | 005
Prior low transverse cesarean, No. (%) | 18 (12.1) | 647 (7.7) | .07
Labor type, No. (%)
Spontaneous 43 (28.9) 2498 (29.6)
.54
Augmented 35 (23.5) 2217 (26.3)
Induction 71 (47.7) 3716 (44.1)
Regional anesthesia, No. (%) | 137 (92.0) | 7603 (90.2) | s
Prostaglandin, No. (%) | 37 (24.8) | 1491 (17.7) | .03
Foley bulb, No. (%) | 30 (20.1) | 949 (11.3) | oo
Oxytocin, No. (%) | 97 (65.1) | 5649 (67.0) | 69
Birth weight (median, IQR) | sse0s 3608 | sess(earases) | ss
Birth weight > 4000, No. (%), grams | 10 (6.7) | 453 (5.4) | .59
Birth weight < 1800, No. (%), grams | 1(0.67) | 1(0.01) E
Mode of delivery, No. (%)
Vaginal delivery 44 (29.5) 6663 (79.0) 00
<.001
Operative vaginal 16 (10.7) 396 (4.7)
Cesarean 89 (59.7) 1372 (16.3)
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Acidemia (N=149) No Acidemia (N=8431) P value

Cesarean indications, No. (%) <.001

Arrest 8(9.0) 443 (32.3)

Exhaust 0 (0.0) 2(0.2)

Expulsive 0(0.0) 1(0.1)

Nonreassuring fetal status 48 (53.9) 478 (34.8)

Other 4(4.5) 106 (7.7)

Multiple indications ™ 29 (32.6) 341 (24.9)

Unknown 0(0.0) 1(0.1)
Maternal fever, No. (%) 12 (8.1) 370 (4.4) .05

BMI, body mass index

*
Combination of all the cesarean indications
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Distribution of components of composite neonatal morbidity (n=757)

% Among
Neonates with
N (% of total Composite
Component cohort)* MorbidityJr Definition
Neonatal death, No. (%) 4 (0.04) 0.5 Death of the neonate
Body temperature of the neonate is reduced at birth in order
Hypothermic therapy, No. (%) 42 (0.49) 55 to reduce the possibilities of brain damage
Assistive equipment for inhalation of oxygen and exhalation
Mechanical ventilation, No. (%) 50 (0.58) 6.6 of carbon dioxide from the lungs
The lungs of the neonate have not fully developed, thus
Respiratory distress, No. (%) 332(3.87) 43.9 posing difficulties in breathing
Meconium aspiration syndrome,
No. (%) 22 (0.26) 29 The presence of meconium in the lungs of the neonate
Seizure, No. (%) 18 (0.21) 2.4 A neurologic dysfunction in the neonate
Requiring treatment for a presumed or proven blood
Treatment for Sepsis, No. (%) 627 (7.3) 82.8 infection in the neonate

*
508 neonates were diagnosed with one complication, 190 with two complications, 36 with three complications, 16 with four complications, and 7

with five complications

fPercentage of specific morbidity out of all neonates with composite morbidity (n = 757)
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