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PREFACE

We are proud to continue nursing, midwifery, and physician collab-
oration in this new ninth edition of Mosbys® Pocket Guide to Fetal
Monitoring: A Multidisciplinary Approach, consistent with the inter-
and intradisciplinary approach all of us bring to teaching this subject
matter. Diligently revised, this new edition continues to emphasize
standardized terminology and an evidence-based approach to inter-
pretation and management. This text remains a key resource for the
most clinically useful information for clincians of all levels on every
aspect of fetal monitoring, including intermittent auscultation, assess-
ment and management of uterine activity, and the crucial role of both
communication and documentation in risk management related to fetal
monitoring. Whether your practice is office-based, in a birth center, in a
hospital serving the community, or in an academic tertiary care center,
this text provides a relevant and easily understood reference for daily
clinical practice as well as clinician orientation and ongoing education.

DESCRIPTION

Primarily an oxygen monitor, the electronic fetal monitor is a tool
used to prevent fetal injury resulting from interruption of fetal oxy-
genation, whether used during labor or in the antepartum period. Key
to this goal is standardization and simplification of clinical practices
related to interpretation and management of fetal monitoring. This
book provides clinicians with the tools needed to understand both
the strengths and the weaknesses of both electronic fetal monitoring
(EFM) and intermittent auscultation; as well as apply a collaborative
approach to clinical practice that is evidence- and consensus-based.
After a brief overview of the history of fetal monitoring, the text pro-
vides core clinical information on the physiologic basis for monitor-
ing, reviews the newest instrumentation for uterine and fetal heart
rate (FHR) monitoring, including the newer abdominal “patch”
technology, and identifies key factors in the evaluation of uterine
activity. In keeping with maintaining the legal standard of care in
the United States, the National Institute of Child Health and Human
Development (NICHD) definitions are presented and reviewed, and
a standardized approach to interpretation and management is clearly
outlined. The influence of gestational age on FHR is examined, along
with the evaluation of fetal status outside the obstetric unit and in
the antenatal setting. Documentation and risk management issues are
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delineated, including issues of informed consent in choice of moni-
toring modality. An overview of fetal monitoring in Europe provides
clinicians with a look at fetal monitoring outside the United States.
Patient safety, communication, and clinical collaboration are the cor-
nerstones of each chapter, and suggestions for practice improvement
make this edition an invaluable resource for the busy clinician.

FEATURES

This book has a number of distinctive features:

= Content is organized in a manner that allows clinicians to build
on key fundamental concepts and progress logically to advanced
principles, making the text suitable for novices needing basic
information as well as experienced practitioners seeking greater
insight into clinical practice issues.

= Critical information is highlighted using illustrations, tables, and
illustrative fetal monitor tracings.

= FHR characteristics are explained and the supporting level of evi-
dence is provided, revealing a number of common myths regard-
ing fetal monitoring.

= Evidence levels are provided for information regarding various
FHR patterns, and several common obstetric myths are laid to rest.

= Appendices now include self-assessment questions as well as
fetal monitor tracings for practice in application of the NICHD
definitions and principles of standardized interpretation.

ORGANIZATION

Chapter 1 traces the history of fetal monitoring from the use of aus-
cultation in the 17th century to present-day practice and includes
a discussion of the resurgence of intermittent auscultation for fetal
monitoring in low-risk women.

Chapter 2 provides a review of the physiologic basis for monitor-
ing. The oxygen pathway is discussed, as well as the fetal response
to interrupted oxygenation. These core physiologic concepts provide
clinicians with the fundamentals of fetal oxygenation that serve as
the basis for current practice.

Chapter 3 offers a detailed look at instrumentation for both inter-
mittent auscultation and EFM, including newer approaches such as
abdominal electrocardiogram and new display options for dopplers
used in intermittent auscultation. Both external and internal moni-
toring devices and their application are covered in depth, including
artifact detection, telemetry, and troubleshooting tips.
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Chapter 4, on uterine activity, provides crucial information includ-
ing a detailed discussion of normal versus excessive uterine activity
and the limitations of the summary term tachysystole. Consensus
guidelines for the diagnosis of active labor are presented, and the link
between excessive uterine activity and fetal acidemia is elucidated.
Evidence-based tips for managing uterine activity in clinical practice
are offered, and oxytocin use is also addressed.

Chapter 5 breaks down clinical practice in fetal monitoring to
its three core elements: definitions, interpretation, and management.
This chapter includes the NICHD definitions with illustrations to
aid in recognition and application. The role of NICHD categories is
examined, and evidence- and consensus-based principles of interpre-
tation are explained.

Chapter 6 presents the management of FHR tracings using a sys-
tematic approach based on principles of fetal oxygenation. This com-
prehensive model is based on EFM’s value as a screening tool (rather
than a diagnostic tool). The management algorithm uses NICHD
categories and a structured approach based on the oxygen pathway.
Evidence-based corrective measures for hypoxemia are provided in
a checklist format. An adapted model specific to the management of
Category 2 FHR tracings with significant decelerations is included,
with evidence supporting this approach. Chapter 6 elucidates the
primary objective of intrapartum FHR monitoring: to prevent fetal
injury that might result from the progression of hypoxemia during
the intrapartum period.

Chapter 7 reviews FHR characteristics in the preterm, late-term,
and postterm fetus, including implications for management in both
antepartum and intrapartum settings. The chapter includes informa-
tion on a variety of medications and clinical factors that can affect
FHR at various gestational ages.

Chapter 8 explores non-obstetric settings and FHR evaluation,
focusing on the importance of collaboration. Settings such as the
emergency department, surgical suite, or intensive care unit are
discussed with key points for clinical care and FHR assessment.
Obstetric triage is reviewed, including the impact of the Emergency
Medical Transport and Labor Act (EMTALA).

Chapter 9 focuses on antepartum testing, including the nonstress
test, the contraction stress test, vibroacoustic stimulation, ultrasound,
and the biophysical profile. Information regarding indication, fre-
quency, and type of antepartum test based on the results of the most
recent NICHD panel are provided in a clinically relevant manner.

Chapter 10 focuses on documentation and risk management.
Clinical tips for improving documentation are a highlight of this
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new edition. Intermittent auscultation, EFM, and informed consent
are discussed, with suggestions for inter- and intradisciplinary dis-
cussion points and patient education. Actual deposition testimony
related to documentation reveals the importance of knowing both
nomenclature and physiology in detail.

Chapter 11 provides a glimpse of FHR monitoring in select
European countries, where paper speed is frequently 1 cm/minute ver-
sus the typical 3 cm/minute seen in the United States. Variations in
obstetric care models and sample illustrations of a variety of fetal mon-
itor tracings from our European colleagues are provided for review.

Appendix A reflects current practice regarding amnioinfusion,
indicated as a potential corrective measure for variable decelerations.

Appendix B has been updated and includes 10 new fetal monitor-
ing tracings, bringing the total number of FHR tracings in the appen-
dix to 40. This appendix provides ample opportunities for education,
review, and preparation for certification or credentialing exams.
Clinicians can use the tracings to practice application of the NICHD
definitions, as well as the principles of standardized interpretation,
and an answer key allows clinicians to evaluate their skills.

Appendix C offers a self-assessment consisting of multiple-
choice questions related to the content of the textbook. Helpful for
reinforcement of information presented herein, it can also be used to
study for certification or credentialing examinations or to develop
internal competency assessment tools for clinical practice.

Mosby 5® Pocket Guide to Fetal Monitoring: A Multidisciplinary
Approach continues to be written by clinicians, for clinicians. Nurses,
nurse-midwives, medical students, physicians, resident physicians,
clinical specialists, educators, and risk management and medical-
legal professionals will gain a clear perspective on modalities of
fetal monitoring, the role of standardization, as well as the keys to
successful collaboration. Meticulously researched and revised, the
ninth edition is the most portable and practical reference available for
daily clinical practice, education, test prep, and habituation of both
knowledge and skills. We are thrilled to be able to offer this valuable
tool to all clinicians, in all practice settings.

LISA A. MILLER
DAVID A. MILLER
REBECCA L. CYPHER
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A Brief History of Fetal
Monitoring

hared decision-making, informed choice, and greater public

and consumer engagement in obstetrics and obstetric safety has
shifted clinical focus in perinatal care. Electronic fetal monitoring
(EFM) is only one of the issues being discussed by clinicians and
the families they serve. Newer labor curves, intermittent ausculta-
tion (IA) of the fetal heart rate (FHR), and continuous labor sup-
port are becoming the new normal, especially for healthy, low-risk
women [ 1-3]. The shift to IA for healthy low-risk women relates to
a widespread recognition of these facts: research has been unable
to definitively show that use of intrapartum FHR monitoring leads
to a significant reduction in neonatal neurologic morbidity [4], and
both early randomized trials and meta-analyses have shown a trend
toward higher cesarean section rates for women who have continu-
ous EFM during labor versus women who do not have continuous
EFM [5]. This means that clinicians must be adept at both EFM and
IA modalities, and for this reason, a brief overview of the history of
FHR assessment is justified.

HISTORICAL OVERVIEW

Jean Alexandre Le Jumeau, Vicomte de Kergaradec, was the first
person to speculate in print about the potential clinical uses for FHR
auscultation. In 1822 he used a stethoscope hoping to hear the noise
of the water in the uterus, and he identified the noise he heard as the
FHR [6]. Confirmation of pregnancy, identification of twin gesta-
tion, and justification for a postmortem cesarean section were some
of the early uses of FHR auscultation. William Kennedy, a British
obstetrician, published a description of “fetal distress” in 1833 by
describing what would later be classified as a late deceleration.
Kennedy correctly associated late decelerations with poor prognoses.
He also made the link between fetal head compression and decrease
in FHR, now known as early decelerations [7]. Other discoveries
from early use of FHR assessment via IA included identification of
fetal tachycardia in response to maternal fever, FHR decelerations
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Fig. 1.1 Early obstetric trumpet stethoscope. (Courtesy Wellcome Library,
London.)

after excessive uterine activity, and accelerations accompanying fetal
movement (Fig. 1.1) [6].

In 1917, the head stethoscope, or DeLee-Hillis fetoscope, was first
reported in the literature [8]. Fast forward to the 1950s: physicians
throughout the world, including Edward Hon [9—11] in the United
States, Caldeyro-Barcia [12,13] in Uruguay, and Hammacher [14]
in Germany, developed electronic devices that were able to continu-
ously measure and record the FHR and uterine activity. The simul-
taneous measurement of FHR and uterine activity came to be called
EFM or cardiotocography (CTG). This new technologic capability
permitted systematic study of the relationships between recorded
FHR patterns and fetal physiology [10,11,15]. Although investiga-
tors worldwide made remarkably similar observations of FHR char-
acteristics, dramatically different terms and definitions were being
used and there was no significant standardization (Fig. 1.2).

Fig. 1.2 Apparatus for studying uterine contractions during childbirth.
(Courtesy Wellcome Library, London.)
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RANDOMIZED TRIALS OF ELECTRONIC
FETAL MONITORING

Observational studies in the 1960s demonstrated a decrease in intra-
partum stillbirth rates in settings that adopted continuous EFM
[16—18] and served to drive the widespread adoption of the tech-
nology. Although EFM was originally intended for use in high-risk
laboring women, it was rapidly incorporated into the management
of low-risk laboring women as well and quickly became ubiquitous.
Today, observational findings alone would never result in such rapid
and widespread practice change.

During the 1970s and 1980s, several randomized clinical [19-27]
were conducted comparing continuous EFM with IA using a Pinard
stethoscope or a handheld Doppler device. Continuous EFM was not
associated with a decrease in low Apgar scores or perinatal mortality.
However, there was an increase in the incidence of cesarean section
in women who had continuous EFM. Despite these findings, use of
continuous EFM did not decrease.

Meta-analyses have reviewed the results of trials comparing
continuous intrapartum EFM with 1A [5,28,29]. These studies
included more than 37,000 women. Compared with 1A, continu-
ous EFM showed no significant difference in overall perinatal
death but was associated with a significant reduction in neonatal
seizures. No significant difference was detected in the incidence
of cerebral palsy. However, there was a significant increase in
cesarean sections associated with continuous EFM. Interestingly,
none of the randomized trials published after 1980 demonstrated
a statistically significant increase in the rate of cesarean section in
electronically monitored patients. Most important, the majority of
newborns in the cohort who later developed cerebral palsy were
not in the group of fetuses who had FHR tracings that were consid-
ered “ominous” [30].

RESEARCH AT THE END OF THE
20th CENTURY

So what went wrong? Several things. Although the randomized con-
trolled trials (RCTs) followed the usual guidelines for inclusion and
exclusion of subjects and used recommended methods for the study
protocols, the definitions of FHR patterns reflecting fetal distress
varied among the different studies [23-25,31]. In the largest (and
most frequently cited) trial, the IA arm and the EFM arm each had
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fetal scalp blood sampling included as a follow-up test, making the
study a comparison of EFM with scalp sampling with 1A with scalp
sampling rather than a true comparison of EFM versus IA [24]. Many
of the studies were conducted before the importance of FHR variabil-
ity, a critical parameter, was recognized as significant related to fetal
acid-base status. Outcome measures evaluated (Apgar scores, peri-
natal mortality, and cerebral palsy) were nonspecific indicators of the
potential for hypoxic injury during the intrapartum period. Finally,
the small sample size of published reports is an ongoing issue. It has
been noted that more than 50,000 women would need to be random-
ized to show a difference in mortality [5]; the numbers that would be
needed to show a reduction in neonatal encephalopathy related solely
to intrapartum events are so high that RCTs for either EFM or 1A
become implausible [32]. As a result, the conclusions of these stud-
ies remain open to alternative interpretations [27,33], and a careful
review of the oft-cited Cochrane Database meta-analysis by Alfirevic
and colleagues reveals low-quality evidence for all conclusions, save
the conclusion regarding neonatal seizures, which was found to be
of moderate quality [5]. Clinicians should consider basing decisions
regarding the use of continuous EFM on multiple factors, including
forthright discussions of risks versus benefits with various patient
populations. Informed choice regarding EFM versus IA is challeng-
ing with the state of current evidence and is discussed in more detail
in Chapter 10.

In 1996, the National Institute of Child Health and Human
Development (NICHD) Task Force met and made recommendations
[34] for three important aspects of FHR monitoring for both research
and clinical practice: (1) the task force developed standard defini-
tions for FHR patterns, (2) they described the FHR pattern (normal
baseline rate, moderate variability, presence of accelerations, and
absence of decelerations) that consistently reflects an absence of
asphyxia, and (3) they described FHR patterns (recurrent late or vari-
able decelerations or substantial bradycardia with absent variability)
that are “predictive of current or impending asphyxia” [34].

FETAL MONITORING IN THE
21st CENTURY

The first Task Force on Neonatal Encephalopathy and Cerebral
Palsy [35] was convened in 2003 by the American College of
Obstetricians and Gynecologists (ACOG) to review the world lit-
erature regarding the relationship between FHR patterns in labor and
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neonatal outcomes. The task force reviewed the literature on Apgar
scores, neonatal encephalopathy and cerebral palsy, neonatal sei-
zures, and umbilical cord gases. In 2010 a second task force was
convened to update this important work, and in 2014 a second edi-
tion was published, which included the review of 1500 references by
17 task force members and 88 consultants [36]. This updated report
focuses on neonatal encephalopathy in infants born at 35 weeks’
gestation or greater and contains an in-depth review of intrapartum
events and their relationship to newborn encephalopathy. Consensus
from this work and others forms the basis of the principles of inter-
pretation of EFM that will be elucidated later in this text.

Standardization in research of EFM has been aided by the NICHD
definitions that were originally published in 1997 [34]. In 2008 a new
NICHD panel on fetal monitoring was convened; the new panel con-
firmed and provided clarification of the definitions published in 1997
and provided a three-tiered categorization of FHR tracings to replace
the traditionally used terms reassuring and nonreassuring. The panel
also reviewed uterine activity and provided guidance for evalua-
tion of uterine activity and definitions for summary terms. Finally,
the 2008 NICHD workshop report provided important information
regarding consensus on the validity of the negative predictive value
of both moderate variability and/or FHR accelerations in relation
to fetal metabolic acidemia [37]. Since the report, many healthcare
systems have implemented multidisciplinary education and training
related to the standardized NICHD definitions.

In an attempt to find a more direct measure of fetal oxygenation
to serve as an adjunct to EFM in the assessment of fetal acid—base
balance, fetal pulse oximetry made a short-lived appearance on the
clinical scene. The first randomized trial of fetal pulse oximetry dem-
onstrated a reduction in the number of cesarean sections performed
for nonreassuring FHR patterns but no overall reduction in cesarean
sections [38]. At present, fetal pulse oximetry has been a useful tool
for research but is no longer available for use in clinical practice.
Computer analysis of the fetal electrocardiogram ST segment (STAN
Neoventa Medical, MéIndal, Sweden), a technology based on evalua-
tion of the ST segment and the T/QRS ratio of the fetal electrocardio-
gram complex, continues to be in use, primarily outside the United
States. This is further discussed in Chapter 11. The large, multicenter
NICHD trial of ST analysis in the United States involving more than
11,000 patients failed to show any decrease in operative deliveries
or any differences in perinatal outcomes [39]. It should be noted
that this is not the case with ST analysis research outside the United
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States, where it has been associated with significant reductions in
both hypoxic-ischemic encephalopathy and cesarean birth [40]. This
raises the question of whether it is the technology itself or its applica-
tion in clinical practice that causes the discrepancy.

SUMMARY

The findings of Le Jumeau in 1822 with a stethoscope have evolved
significantly, yet fetal monitoring remains fraught with contro-
versy and misinformation. EFM today is a frequently used, much
maligned, and often misunderstood technology. Attempts at inte-
gration of IA as the preferred mode of monitoring during labor for
healthy, low-risk women continues to pose a challenge in many
institutions, for a variety of reasons [41]. Clinicians must be able
to understand and articulate the appropriate use of EFM and IA to
engage in truly informed decision-making with women and their
families. Although it is clear that more research is needed on EFM
reliability (observer agreement), validity (association with neonatal
outcomes), and efficacy (preventive interventions that work), the
overall evidence suggests that extreme positions on EFM (either uni-
versal use or universal abandonment) are unwarranted. A middle path
that encompasses appropriate patient selection, informed choice/
shared decision-making, and a clinical recognition of the limits of
both EFM and IA4 is perhaps the most reasonable approach to fetal
monitoring today. Women want and are entitled to complete infor-
mation regarding fetal monitoring via auscultation and by electronic
means [42]. As the history of fetal monitoring continues to be writ-
ten, everyone must recognize that technology alone will never be the
answer. Standardization of terminology, multidisciplinary education
regarding FHR interpretation and underlying physiology, manage-
ment based on collaboration and teamwork, and the recognition of
the role of one-to-one support for laboring women [43] remain the
best strategies to ensure safe passage for mother and child.
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Physiologic Basis for
Electronic Fetal Heart Rate
Monitoring

Intrapartum fetal heart rate (FHR) monitoring is used to assess the
adequacy of fetal oxygenation during labor with the dual aims of (1)
confirming normal oxygenation so that labor can be continued safely
and (2) preventing fetal injury that might result from interruption
of normal fetal oxygenation during labor. The underlying assump-
tions are that (1) certain FHR observations reliably identify normal
fetal oxygenation at the time they are observed and (2) interruption
of fetal oxygenation leads to characteristic physiologic changes that
can be detected by changes in the FHR. The role of intrapartum FHR
monitoring in assessing the fetal physiologic changes caused by
interrupted oxygenation can be summarized as follows:
1. Fetal oxygenation involves:

Transfer of oxygen from the environment to the fetus.

The fetal responses to normal oxygenation and to interruption of

oxygen transfer.

2. Certain FHR patterns provide reliable information regarding the

basic elements of fetal oxygenation.

This chapter reviews the physiology underlying fetal oxygen-
ation, including transfer of oxygen from the environment to the
fetus, and the fetal responses to normal and interrupted oxygenation
(Fig. 2.1). Chapters 5 and 6 will review the relationship between fetal
oxygenation and FHR patterns.

TRANSFER OF OXYGEN FROM THE
ENVIRONMENT TO THE FETUS

Oxygen is transported from the environment to the fetus by maternal
and fetal blood along a pathway that includes the maternal lungs,
heart, vasculature, uterus, placenta, and umbilical cord (see Fig. 2.1);
this is a central concept in FHR monitoring. Interruption of oxygen
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Fig. 2.1 Physiology of fetal oxygenation. (Courtesy David A. Miller,
MD.)

transfer can occur at any or all the points along the oxygen pathway.
Therefore it is important to understand the physiology and patho-
physiology involved in each step.
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External Environment

Oxygen comprises approximately 21% of inspired air. In inspired
air, the partial pressure exerted by oxygen gas (Po,) is approximately
21% of total atmospheric pressure (760 mm Hg) minus the pressure
exerted by water vapor (47 mm Hg). At sea level, the partial pressure
exerted by oxygen gas (Po,) is approximately 150 mm Hg. As oxygen
moves from the environment to the fetus, the partial pressure declines.
By the time oxygen reaches fetal umbilical venous blood, the Po, is as
low as 30 mm Hg. After oxygen is delivered to fetal tissues, the Po, of
deoxygenated blood in the umbilical arteries returning to the placenta
is approximately 15 to 25 mm Hg [1-4]. The sequential transfer of
oxygen from the environment to the fetus, along with possible causes
of interruption at each step, are described next.

Maternal Lungs

Maternal breathing carries oxygenated air from the external environ-
ment to the distal air spaces of the lung, called the alveoli. On the way
to the alveoli, inspired air mixes with less-oxygenated air leaving the
lungs. As a result, the Po, of air within the alveoli (PAo,) is lower than
that in inspired air. At sea level, alveolar Po, (PAo,) is approximately
105 mm Hg. From the alveoli, oxygen diffuses across a thin “blood-
gas” or “blood-air” barrier into the pulmonary capillary blood. This bar-
rier consists of three layers: a single-cell layer of alveolar epithelium,
a layer of extracellular collagen matrix (interstitium), and a single-cell
layer of pulmonary capillary endothelium. Interruption of oxygen trans-
fer from the environment to the alveoli can result from airway obstruc-
tion or depression of central nervous system control of breathing.
Possible examples include conditions such as acute obstruction related
to asthma or aspiration, maternal apnea during a convulsion, or medica-
tions such as narcotics or magnesium. Interruption of oxygen transfer
from the alveoli to the pulmonary capillary blood can be caused by a
number of factors, including ventilation-perfusion mismatch and diffu-
sion defects due to conditions such as pulmonary embolus, pneumonia,
asthma, atelectasis, or adult respiratory distress syndrome.

Maternal Blood

After diffusing from the pulmonary alveoli into maternal blood,
more than 98% of oxygen combines with hemoglobin in maternal
red blood cells. Approximately 1% to 2% remains dissolved in the
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requirement for oxygen. Specifically, oxygen release is enhanced by
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blood, and it is measured by the partial pressure of oxygen in arterial
blood (Pao,). The amount of oxygen bound to hemoglobin depends
directly on the Pao,. Hemoglobin saturations at various Pao, levels
are illustrated by the oxyhemoglobin dissociation curve (Fig. 2.2). A
normal adult Pao, value of 95 to 100 mm Hg results in hemoglobin
saturation of approximately Pao, indicating that hemoglobin is car-
rying 95% to 98% of the total amount of oxygen it is capable of
carrying. A number of factors can affect the affinity of hemoglobin
for oxygen and can shift the oxyhemoglobin dissociation curve to
the left or right. In general, the tendency for hemoglobin to release
oxygen is increased by factors that reflect an increased requirement
for oxygen. Specifically, oxygen release is enhanced by factors that
indicate active cellular metabolism. These factors shift the oxyhe-
moglobin saturation curve to the right and include by-products of
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aerobic metabolism (reflected by increased CO, concentration), by-
products of anaerobic metabolism (reflected by increased organic
phosphate 2,3-diphosphoglycerate [2,3-DPG] concentration), pro-
duction of lactic acid (reflected by increased hydrogen ion concen-
tration and decreased pH), and heat. Interruption of oxygen transfer
from the environment to the fetus due to abnormal maternal oxygen
carrying capacity can result from severe anemia or from hereditary or
acquired abnormalities affecting oxygen binding, such as hemoglo-
binopathies, carbon monoxide poisoning, or methemoglobinemia. In
an obstetric population, reduced maternal oxygen carrying capacity
rarely interferes with fetal oxygenation. Maternal hemoglobin satu-
ration can be estimated noninvasively by transmission pulse oxim-
etry (Spo,). In recent years, investigators studying the efficacy of
fetal oxygen saturation (FSpo,) monitoring have provided valuable
insights into fetal physiology (see Chapters 5 and 6).

Maternal Heart

From the lungs, maternal pulmonary veins carry oxygenated blood
to the heart. Blood enters the maternal heart from the lungs with a
Pao, of approximately 95 mm Hg. Oxygenated blood is then pumped
out of the maternal heart through the aorta for systemic distribution.
Normal transfer of oxygen from the environment to the fetus is
dependent on normal cardiac function, reflected by cardiac output.
Cardiac output is the product of heart rate and stroke volume. Heart
rate is determined by intrinsic cardiac pacemakers (sinoatrial [SA]
node, atrioventricular [AV] node), the cardiac conduction system,
autonomic regulation (sympathetic, parasympathetic), humoral fac-
tors (catecholamines), extrinsic factors (medications), and local fac-
tors (calcium, potassium). Stroke volume is determined by preload,
contractility, and afterload. Preload is the amount of stretch on myo-
cardial fibers at the end of diastole when the ventricles are full of
blood. It is determined in part by the volume of venous blood return-
ing to the heart. Contractility is the force and speed with which myo-
cardial fibers shorten during systole to expel blood from the heart.
Afterload is the pressure that opposes the shortening of myocardial
fibers during systole and is estimated by the systemic vascular resis-
tance or systemic blood pressure. Interruption of oxygen transfer
from the environment to the fetus at the level of the maternal heart
can be caused by conditions that reduce cardiac output, including
altered heart rate (arrhythmia), reduced preload (hypovolemia, com-
pression of the inferior vena cava), impaired contractility (ischemic



Physiologic Basis for Electronic Fetal Heart Rate Monitoring 15

heart disease, diabetes, cardiomyopathy, congestive heart failure),
and/or increased afterload (hypertension). In addition, structural
abnormalities of the heart and/or great vessels may impede the ability
to pump blood (valvular stenosis, valvular insufficiency, pulmonary
hypertension, coarctation of the aorta). In a healthy obstetric patient,
the most common cause of reduced cardiac output is reduced preload
resulting from hypovolemia or compression of the inferior vena cava
by the gravid uterus.

Maternal Vasculature

Oxygenated blood leaving the heart is carried by the systemic vas-
culature to the uterus. The path includes the aorta, common and
internal iliac arteries, the anterior division of the internal iliac artery,
and the uterine artery. From the uterine artery, oxygenated blood
travels through the arcuate arteries, the radial arteries, and finally
the spiral arteries before exiting the maternal vasculature and enter-
ing the intervillous space of the placenta. Acute interruption of
oxygen transfer from the environment to the fetus at the level of
the maternal vasculature commonly results from hypotension fol-
lowing regional anesthesia, hypovolemia, impaired venous return,
impaired cardiac output, or medications. Alternatively, it may result
from vasoconstriction of distal arterioles in response to endogenous
vasoconstrictors or medications. Conditions associated with chronic
vasculopathy, such as chronic hypertension, long-standing diabetes,
collagen vascular disease, thyroid disease, and renal disease may
result in chronic, rather than acute, suboptimal transfer of oxygen
and nutrients to the fetus at the level of the maternal vasculature.
Preeclampsia is associated with abnormal vascular remodeling at the
level of the spiral arteries and can impede perfusion of the intervil-
lous space. Acute maternal vascular injury (trauma, aortic dissec-
tion) is rare. In a healthy obstetric patient, transient hypotension is
the most common cause of interrupted oxygen transfer at the level of
the maternal vasculature. Chronic vascular conditions can exacerbate
this interruption and should be considered under appropriate circum-
stance in the course of a thorough evaluation.

Uterus

Between the maternal uterine arteries and the intervillous space
of the placenta, the arcuate, radial, and spiral arteries traverse
the muscular wall of the uterus. Interruption of oxygen transfer
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from the environment to the fetus at the level of the uterus com-
monly results from uterine contractions that can compress intra-
mural blood vessels and impede the flow of maternal blood into
and out of the intervillous space of the placenta. Uterine injury
(rupture, trauma) is uncommon, but must be considered under
appropriate clinical circumstances. Uterine activity is discussed
in Chapter 4.

Placenta

The placenta facilitates the exchange of gases, nutrients, wastes,
and other molecules (for example, antibodies, hormones, medi-
cations) between maternal blood in the intervillous space and
fetal blood in the villous capillaries. On the maternal side of the
placenta, oxygenated blood exits the spiral arteries and enters
the intervillous space to surround and bathe the chorionic villi.
On the fetal side of the placenta, paired umbilical arteries carry
blood from the fetus through the umbilical cord to the placenta
(Fig. 2.3). At term, the umbilical arteries receive 40% of fetal
cardiac output. On reaching the placental cord insertion site, the
umbilical arteries divide into multiple branches and fan out across
the surface of the placenta. At each cotyledon, placental arteries
dive beneath the surface en route to the chorionic villi (Fig. 2.4).
The chorionic villi are microscopic branches of trophoblast that
protrude into the intervillous space. Each villus is perfused by a
fetal capillary bed that represents the terminal distribution of an
umbilical artery. At term, fetal villous capillary blood is separated
from maternal blood in the intervillous space by a thin “blood-
blood” barrier similar to the blood-gas barrier in the maternal
lung. The placental blood-blood barrier is comprised of a layer
of placental trophoblast and a layer of fetal capillary endothe-
lium with intervening basement membranes and villous stroma.
Substances are exchanged between maternal and fetal blood by
a number of mechanisms, including simple diffusion, facilitated
diffusion, active transport, bulk flow, pinocytosis, and leakage.
These mechanisms are summarized in Table 2.1. Oxygen is trans-
ferred from the intervillous space to the fetal blood by a complex
process that depends on the Pao, of maternal blood perfusing the
intervillous space, maternal blood flow within the intervillous
space, chorionic villous surface area, and diffusion across the pla-
cental blood-blood barrier.
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Fig. 2.3 Fetal circulation. Oxygenated and nutrient-rich blood is car-
ried to the fetus by the umbilical vein to the fetal heart. Oxygen-poor
and waste product-rich blood circulates back to the placenta via the
umbilical arteries. Three anatomic shunts (ductus venosus, foramen
ovale, and ductus arteriosus) permit fetal blood to bypass the liver
and the lungs. (From R.S. Bloom, Delivery room resuscitation of the
newborn, in: R.J. Martin, A.A Fanaroff, M.C. Walsh (Eds.), Fanaroff and
Martin’s Neonatal-Perinatal Medicine: Diseases of the Fetus and Infant,
eighth ed., Mosby, Philadelphia, 2006.)
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Fig. 2.4 Schema of placenta. As maternal blood enters the intervillous
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through the space. White vessels carry oxygenated blood. Gray vessels
carry oxygen-poor blood.

Intervillous Space Pao,

As described previously, oxygenated maternal blood leaves the
maternal heart with a Pao, of approximately 95 mm Hg. Oxygenated
maternal blood exiting the spiral arteries and entering the intervillous
space has a Pao, of approximately 95 mm Hg. Oxygen is released
from maternal hemoglobin and diffuses across the placental blood-
blood barrier into fetal blood where it becomes bound to fetal hemo-
globin. As a result, maternal blood in the intervillous space becomes
relatively oxygen depleted and exits the intervillous space via uterine
veins with a Pao, of approximately 40 mm Hg (Fig. 2.5). Therefore
the average Pao, of maternal blood in the intervillous space is between
the Pao, of blood entering the intervillous space (95 mm Hg) and the
Pao, of blood exiting the intervillous space (40 mm Hg). The average
intervillous space Pao, is approximately 45 mm Hg. Interruption of
fetal oxygenation can result from conditions that reduce the Pao, of
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TABLE 2.1 Mechanisms of Exchange Between Fetal and

Maternal Blood

Mechanism

Description

Substances

Simple diffusion

Facilitated diffusion

Active transport

Bulk flow

Pinocytosis

Breaks and leakage

Passage of substances
from a region of
higher concentration
to one of lower
concentration along
a concentration
gradient that is
passive and does not
require energy

Passage of
substances along
a concentration
gradient with the
assistance of a carrier
molecule involved

Passage of substances
against a
concentration
gradient; carrier
molecules and
energy are required

Transfer of substances
by a hydrostatic or
osmotic gradient

Transfer of minute,
engulfed particles
across a cell
membrane

Small breaks in the
placental membrane
allowing passage
of plasma and
substances

Oxygen

Carbon dioxide

Small ions (sodium
chloride)

Lipids

Fat-soluble vitamins

Many drugs

Glucose
Carbohydrates

Amino acids
Water-soluble vitamins
Large ions

Water
Dissolved electrolytes

Immune globulins
Serum proteins

Maternal or fetal blood
cells (potentially
resulting in
isoimmunization)

maternal blood entering the intervillous space. These conditions have
been discussed previously.

Intervillous Space Blood Flow

At term, uterine perfusion accounts for 10% to 15% of maternal
cardiac output, or approximately 700 to 800 cc/min. Much of this
blood makes its way to the intervillous space of the placenta sur-
rounding the chorionic villi. Conditions that can reduce the vol-
ume of the intervillous space include collapse or destruction of the
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Umbilical arteries
; ; pH 7.2-7.3
éﬁe;'%e vein Po, 15-25 mm Hg
Po, 40 mm Hg Pco, 45-55 mm Hg

Pco, 40-50 mm Hg

Uterine artery

pH 7.4-7.45

Po, 95-100 mm Hg
Pco, 30-35 mm Hg

Umbilical vein

pH 7.3-7.4

Po, 25-35 mm Hg
Pco, 35-45 mm Hg

Fig. 2.5 Approximate maternal and fetal blood gas values.

intervillous space due to placental abruption, infarction, thrombosis,
or infection.

Chorionic Villous Surface Area

Optimal oxygen exchange requires normal chorionic villous surface
area. Normal transfer of oxygen from the environment to the fetus at
the level of the placenta can be interrupted by conditions that limit or
reduce the chorionic villous surface area available for gas exchange.
These conditions can be acute or chronic and include primary abnor-
malities in the development of the villous vascular tree or secondary
destruction of normal chorionic villi by infarction, thrombosis, hem-
orrhage, inflammation, or infection.

Diffusion Across the “Blood-Blood” Barrier

Diffusion of a substance across the placental blood-blood barrier is
dependent on concentration gradient, molecular weight, lipid solu-
bility, protein binding, and ionization. In addition, diffusion rate is
inversely proportional to diffusion distance. At term, the placental
blood-blood barrier is very thin, and the diffusion distance is short.
Under normal circumstances, oxygen and carbon dioxide diffuse
readily across this thin barrier. However, normal diffusion can be
impeded by conditions that increase the distance between maternal
and fetal blood. These conditions can be acute, subacute, or chronic
and include villous hemorrhage, inflammation, thrombosis, infarc-
tion, edema, fibrosis, and excessive cellular proliferation (syncytial
knots).
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Interruption of Placental Blood Vessels

Rarely, fetal blood loss can be caused by injury to blood vessels at
the level of the placenta. Damaged chorionic vessels can allow fetal
blood to leak into the intervillous space, leading to fetal-maternal
hemorrhage. This may be a consequence of abdominal trauma, but
can occur in association with abnormal placental development,
placental abruption, or invasive procedures. A specific cause is not
always identified. Ruptured vasa previa is a rare cause of fetal hem-
orrhage. Vasa previa is a placental vessel that traverses the chorioam-
niotic membrane in close proximity to the cervical os. Such a vessel
may be damaged by normal cervical change during labor or injured
inadvertently during membrane rupture or digital examination.

Summary of Placental Causes of Disrupted
Oxygenation

Many conditions can interfere with the transfer of oxygen across
the placenta. Those involving the microvasculature frequently are
diagnosed by histopathologic examination after delivery. Clinically
detectable causes, such as placental abruption, bleeding placenta pre-
via, or vasa previa, should be considered but may not be amenable to
conservative corrective measures.

Fetal Blood

After oxygen has diffused from the intervillous space across the
placental blood-blood barrier and into fetal blood, the Pao, is in the
range of 30 mm Hg and fetal hemoglobin saturation is between 50%
and 70%. Although fetal Pao, and hemoglobin saturation are low
compared with adult values, adequate delivery of oxygen to the fetal
tissues is maintained by a number of compensatory mechanisms.
For example, fetal cardiac output per unit weight is greater than that
of the adult. Hemoglobin concentration and affinity for oxygen are
greater in the fetus as well, resulting in increased oxygen carrying
capacity. Finally, oxygenated blood is directed preferentially toward
vital organs by way of anatomic shunts at the level of the ductus
venosus, foramen ovale, and ductus arteriosus. Conditions that can
interrupt the transfer of oxygen from the environment to the fetus
at the level of the fetal blood are uncommon but may include fetal
anemia (alloimmunization, infections, fetomaternal hemorrhage,
vasa previa, hemolysis) and conditions that reduce oxygen carrying
capacity (Bart’s hemoglobinopathy, methemoglobinemia).
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Umbilical Cord

After oxygen combines with fetal hemoglobin in the villous capil-
laries, oxygenated blood returns to the fetus by way of villous veins
that coalesce to form placental veins on the surface of the placenta.
Placental surface veins unite to form a single umbilical vein within
the umbilical cord. Interruption of the transfer of oxygen from the
environment to the fetus at the level of the umbilical cord can result
from simple mechanical compression. Other uncommon causes may
include vasospasm, thrombosis, atherosis, hypertrophy, hemorrhage,
inflammation, or a “true knot.”

From the environment to the fetus, maternal and fetal blood carry
oxygen along the “oxygen pathway” illustrated in Fig. 2.1. Common
causes of interrupted oxygen transfer at each step along the pathway
are summarized in Table 2.2. In the interest of simplicity, the forego-
ing discussion was limited to one gas, oxygen. It is critical to note
that gas exchange also involves the transfer of carbon dioxide in the
opposite direction—from the fetus to the environment. Any condi-
tion that interrupts the transfer of oxygen from the environment to
the fetus has the potential to interrupt the transfer of carbon dioxide
from the fetus to the environment. However, carbon dioxide diffuses
across the placental blood-blood barrier more rapidly than does oxy-
gen. Therefore interruption of the pathway is likely to affect oxygen
transfer to a greater extent than carbon dioxide transfer. As summa-
rized previously, oxygen transfer from the environment to the fetus
represents the first basic component of fetal oxygenation. The second
basic component of fetal oxygenation involves the fetal physiologic
responses to normal oxygenation and to interrupted oxygen transfer.

FETAL RESPONSE TO INTERRUPTED
OXYGEN TRANSFER

If recurrent or sustained, interruption of oxygen transfer at any point
along the oxygen pathway can result in progressive deterioration
of fetal oxygenation. The cascade begins with hypoxemia, defined
as decreased oxygen content in the blood. At term, hypoxemia is
characterized by an umbilical artery Pao, below the expected range
of 15 to 25 mm Hg. Recurrent or sustained hypoxemia can lead to
decreased delivery of oxygen to the tissues and reduced tissue oxygen
content, termed Aypoxia. Normal homeostasis requires an adequate
supply of oxygen and fuel to generate the energy required for cellular
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TABLE 2.2 Some Causes of Interrupted Transfer of Oxygen
from the Environment to the Fetus

Oxygen Pathway

Causes of Interrupted Oxygen Transfer

Lungs

Heart

Vasculature

Uterus

Placenta

Umbilical cord

Respiratory depression (narcotics, magnesium)

Seizure (eclampsia)

Pulmonary embolus

Pulmonary edema

Pneumonia/ARDS

Asthma

Atelectasis

Rarely pulmonary hypertension

Rarely chronic lung disease

Reduced cardiac output

Hypovolemia

Compression of the inferior vena cava

Regional anesthesia (sympathetic blockade)

Cardiac arrhythmia

Rarely congestive heart failure

Rarely structural cardiac disease

Hypotension

Hypovolemia

Compression of the inferior vena cava

Regional anesthesia (sympathetic blockade)

Medications (hydralazine, labetalol, nifedipine)

Vasculopathy (chronic hypertension, SLE,
preeclampsia)

Vasoconstriction (cocaine, methylergonovine)

Excessive uterine activity

Uterine stimulants (prostaglandins, oxytocin)

Uterine rupture

Placental abruption

Rarely vasa previa

Rarely fetomaternal hemorrhage

Placental infarction, infection (usually confirmed
retrospectively)

Cord compression

Cord prolapse

“True knot”

ARDS, adult respiratory distress syndrome; SLE, systemic lupus erythematosus.

function. When oxygen is readily available, aerobic metabolism effi-
ciently generates energy in the form of adenosine triphosphate (ATP).
By-products of aerobic metabolism include carbon dioxide and water.
When oxygen is in short supply, tissues may be forced to convert from
aerobic to anaerobic metabolism, generating energy less efficiently and
resulting in the production of lactic acid. Accumulation of lactic acid
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in the tissues results in metabolic acidosis. Lactic acid accumulation
can lead to utilization of buffer bases (primarily bicarbonate) to help
stabilize tissue pH. If the buffering capacity is exceeded, the blood pH
may begin to fall, leading to metabolic acidemia. Eventually, recurrent
or sustained tissue hypoxia and acidosis can lead to loss of periph-
eral vascular smooth muscle contraction, reduced peripheral vascular
resistance, and hypotension, in turn leading to potential hypoxic-isch-
emic injury to many tissues, including the brain and heart.

Acidemia is defined as increased hydrogen ion content (decreased
pH) in the blood. With respect to fetal physiology, it is critical to
distinguish between respiratory acidemia, caused by accumulation of
CO,, and metabolic acidemia, caused by accumulation of fixed (lac-
tic) acid. These distinct categories of acidemia have entirely different
clinical implications and are discussed later in this chapter.

Mechanisms of Injury

If interrupted oxygen transfer progresses to the stage of metabolic
acidemia and hypotension, as described earlier, multiple organs and
systems (including the brain and heart) can face hypoperfusion,
reduced oxygenation, lowered pH, and reduced delivery of fuel for
metabolism. These changes can trigger a cascade of cellular events,
including altered enzyme function, protease activation, ion shifts,
altered water regulation, disrupted neurotransmitter metabolism, free
radical production, and phospholipid degradation. Disruption of nor-
mal cellular metabolism can to lead to cellular dysfunction, tissue
dysfunction, and even death.

Injury Threshold

The relationship between fetal oxygen deprivation and neurologic
injury is complex. Electronic FHR monitoring was introduced with
the expectation that it would reduce the incidence of neurologic
injury (specifically cerebral palsy) caused by intrapartum interrup-
tion of fetal oxygenation. In recent years, it has become apparent
that most cases of cerebral palsy are unrelated to intrapartum events
and therefore cannot be prevented by intrapartum FHR monitoring.
Nevertheless, some cases of cerebral palsy may be related to intra-
partum events and continue to generate controversy.

In 1999, the International Cerebral Palsy Task Force published a
consensus statement identifying specific criteria that must be met to
establish intrapartum interruption of fetal oxygenation as a possible
cause of cerebral palsy [5]. In January 2003, the American College
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of Obstetricians and Gynecologists (ACOG) and the American
Academy of Pediatrics Cerebral Palsy Task Force published a mono-
graph titled Neonatal Encephalopathy and Cerebral Palsy: Defining
the Pathogenesis and Pathophysiology, summarizing the world lit-
erature regarding the relationship between intrapartum events and
neurologic injury [6].

In 2014, another publication from the ACOG Task Force on
Neonatal Encephalopathy reevaluated and clarified the scientific evi-
dence underlying the relationship among intrapartum events, neonatal
encephalopathy, and neurologic outcome [7]. This publication, titled
Neonatal Encephalopathy and Neurologic Outcome (second edition),
was supported by the Royal College of Obstetricians and Gynecologists
and endorsed by the American College of Nurse-Midwives, the
American Gynecologic and Obstetrical Society, the American Society
for Reproductive Medicine, the Association of Women’s Health,
Obstetric and Neonatal Nurses, the Australian Collaborative Cerebral
Palsy Research Group, the Child Neurology Society, the Japan Society
of Obstetrics and Gynecology, the March of Dimes Foundation, the
Royal Australian and New Zealand College of Obstetricians and
Gynaecologists, the Society for Maternal-Fetal Medicine, and the
Society of Obstetricians and Gynaecologists of Canada. Broad interna-
tional consensus supports the conclusion that “in a fetus exhibiting either
moderate variability or accelerations of the FHR, damaging degrees of
hypoxia-induced metabolic acidemia can reliably be excluded” [7].

Subsequent research has challenged the assumption that moder-
ate variability excludes all cases of fetal metabolic acidemia [8]. This
study found that 18% of cases of neonatal metabolic acidemia (pH
<7.0 and base deficit >12 mmol/L) were associated with the presence
of moderate variability in the last hour before birth. However, the
authors found that only 11% of cases of neonatal metabolic acidemia
were associated with low 5-minute Apgar scores, and only 29% were
associated with admission to the neonatal intensive care unit (NICU),
suggesting that most cases of neonatal metabolic acidemia were
not clinically significant and did not reflect “damaging degrees of
hypoxia-induced metabolic acidemia.” In fact, potentially significant
neonatal metabolic acidemia accompanied by a low 5-minute Apgar
score was encountered in the presence of moderate variability in
only 0.3/1000 deliveries. Potentially significant metabolic acidemia
associated with NICU admission was encountered in the presence of
moderate variability in only 0.9/1000 deliveries. In other words, the
likelihood of “missing” clinically significant neonatal metabolic aci-
demia because moderate variability was present shortly before birth
was in the range of 0.3 to 0.9 per 1000, a false-negative rate similar
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TABLE 2.3 Key Concepts of the Physiologic Basis of Intrapartum
Fetal Heart Rate Monitoring

1. The objective of intrapartum FHR monitoring is to assess fetal
oxygenation during labor.

2. Fetal oxygenation involves the transfer of oxygen from the
environment to the fetus along the oxygen pathway and the fetal
physiologic response to interruption of the oxygen pathway.

3. Oxygen is transferred from the environment to the fetus by maternal
and fetal blood along a pathway that includes the maternal lungs,
heart, vasculature, uterus, placenta, and umbilical cord.

4. The fetal response to interrupted oxygen transfer involves the
sequential progression from hypoxemia to hypoxia, metabolic
acidosis, and metabolic acidemia.

5. Damaging degrees of hypoxia-induced metabolic acidemia can
reliably be excluded in the fetus exhibiting either moderate variability
or accelerations of the FHR [7,8].

FHR, fetal heart rate monitoring.

to the false-negative rates of common forms of antepartum testing,
such as the biophysical profile (~0.7 per 1000) and nonstress test
with amniotic fluid volume assessment (~0.8 per 1000). This analysis
is consistent with the conclusion of the ACOG Task Force that “in a
fetus exhibiting either moderate variability or accelerations of the
FHR, damaging degrees of hypoxia-induced metabolic acidemia can
reliably be excluded” [7].

SUMMARY

The physiology of fetal oxygenation involves the sequential transfer
of oxygen from the environment to the fetus and the subsequent fetal
response to interruption of this pathway (see Fig. 2.1). Interruption
of oxygen transfer can occur at any point along the oxygen pathway.
Examples of causes that might be encountered in a typical obstet-
ric population are summarized in Table 2.2. Recurrent or sustained
interruption of oxygen transfer can lead to progressive deterioration
of fetal oxygenation and potential fetal injury. There is broad con-
sensus in the literature that the presence of moderate variability or
accelerations of the FHR reliably exclude hypoxic injury at the time
they are observed. The physiologic basis of FHR monitoring can be
summarized in a few key concepts (Table 2.3). Later chapters expand
on these concepts and apply them to standardized interpretation and
management of FHR patterns.
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Methods and Instrumentation

uring the labor process, information about the fetal heart rate

(FHR) and uterine activity (UA) is collected so that a col-
laborative management plan can be created. To correctly interpret
the FHR and UA, clinicians should have a basic understanding
of the instrumentation that is used to collect these data. Two pri-
mary methods gather this information: traditional FHR ausculta-
tion usually accompanied by uterine palpation or electronic fetal
monitoring (EFM). The latter of these two monitoring options can
either be external, internal, or a combination of both methods. This
chapter describes the two principal approaches to fetal monitor-
ing and reviews the application and instrumentation of the various
techniques.

INTERMITTENT AUSCULTATION OF THE
FETAL HEART RATE

Description

Whereas EFM is based on visual assessment, auscultation is an
auditory assessment in which an instrument or device collects
specific FHR characteristics that occur in a prescribed amount
of time at predefined intervals and in relation to uterine contrac-
tions. In some situations, intermittent auscultation (IA) can assist
clinicians with differentiation of maternal heart rate (MHR) from
FHR. Auscultation can be performed nonelectronically with a reg-
ular stethoscope, such as a DeLee-Hillis fetoscope or a Pinard
stethoscope. From an electronic perspective, a Doppler ultrasound
device also may be used (Fig. 3.1). There are significant differ-
ences between nonelectronic and electronic equipment in relation-
ship to FHR characteristics, and these are summarized in Table 3.1.
Fetal ventricular heart valves are heard opening and closing with
the stethoscope and fetoscope versus sound waves from Doppler
technology [1,2]. In particular, the DeLee-Hillis and Pinard devices
are worn on the clinician’s head so that bone conduction can amplify
the fetal heart sounds for counting. The Doppler ultrasound device
transmits ultra high-frequency sound waves to the moving interface

28
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Fig. 3.1 (A) Auscultation of the fetal heart rate (FHR) with a Pinard
stethoscope. Vertex left occipitoanterior. (B) 7, Ultrasound fetoscope;
2, ultrasound stethoscope; 3, DeLee-Hillis fetoscope. (C) Ultrasound
Doppler with FHR display. (A, From D.M. Fraser, M.A. Cooper (Eds.),
Myles Textbook for Midwives, fourteenth ed., Churchill Livingstone,
London, 2003. B, Courtesy Michael S. Clement, MD, Mesa, Arizona.
C, Courtesy Huntleigh Healthcare.)
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TABLE 3.1 Fetal Heart Rate Characteristics Determined Via
Auscultation Versus Electronic Fetal Monitoring Characteristics

FHR Doppler Without Electronic Fetal
Characteristic> Fetoscope Paper Printout Monitor
Variability No No Yes
Baseline rate Yes Yes Yes
Accelerations Detects Detects increases® Yes
increases®
Decelerations Detects Detects decreases Differentiates
decreases types of
decelerations
Rhythm Yes Yes Yes
Double-counting Can clarify May double- May double-
or half- count or half- count or
counting FHR count half-count
Differentiation  Yes May detect May detect
of maternal maternal heart and record
heart rate and rate maternal
FHR heart rate

2 Definitions of each FHR characteristic per the National Institute of Child
Health and Human Development 2008 criteria.

b Per method described by L.L. Paine, R.G. Payton, T. Johnson, Auscultated
fetal heart rate accelerations, part I: accuracy and documentation, J. Nurse
Midwifery 31 (1986) 68-72.

FHR, fetal heart rate.

From American College of Nurse-Midwives, Intermittent auscultation for intra-
partum fetal heart rate surveillance. ACNM Clinical Bulletin Number 13, J.
Midwifery Womens Health 60 (2015) 626-632; K. Wisner, C. Holschuh, Fetal
heart rate auscultation, Nurs Womens Health 22 (6) (2018) e1-e32.

of the fetal heart valves and deflects these back to the device, con-
verting them into an electronic signal that can be counted [3,4].
Newer devices have interchangeable probes, a digital FHR display,
and with the proper equipment an ability to print out a hard copy
of the tracing. The practice of using the fetal monitor’s ultrasound
transducer is not recommended as machines have autocorrelation
that averages an FHR that is different from counting an FHR for
a prespecified time such as 60 seconds [2]. Although auscultation
with Doppler technology is most frequently performed transab-
dominally in the first trimester, a transvaginal ultrasound (TVUS)
probe may also be used to detect and measure fetal cardiac activity
by two-dimensional video or M-mode imaging [5]. TVUS provides
closer proximity to the uterus, enabling the detection of fetal cardiac
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activity in the first trimester and in clinically difficult examinations
such as a patient who is obese.

Leopold’s Maneuver

Leopold’s maneuver is a systematic abdominal assessment technique

that includes four separate actions to determine the lie, presentation,

and position of the fetus [6,7]. Fetal lie is the relationship between
the long axis or the spine of the fetus in relationship to the mater-
nal spine and is described as longitudinal, transverse, or oblique.

Fetal presentation is the fetal part that overlies the pelvic inlet and is

closest to the cervical os; these are described as cephalic, breech, or

shoulder presentations. Position is the relationship of the presenting
part to a quadrant of the maternal pelvis, such as left occiput anterior.

This organized approach facilitates the optimal placement location of

the auscultation or Doppler device. Performing Leopold’s maneuver

also can assist in correctly placing the external Doppler transducer

used in EFM [8].

Ensure the woman’s bladder is empty.

Position the woman supine with one pillow under her head and
with her knees slightly flexed.

Place a small rolled towel under her right hip to displace the
uterus (prevents supine hypotensive syndrome).

If right-handed, stand on the woman’s right, facing her:

1. Identify the fetal part that occupies the fundus to assist with iden-
tifying the fetal position. The head feels round, firm, freely mov-
able, and palpable by ballottement; the breech feels less regular
and softer (Fig. 3.2A).

2. Using the palmar surface of one hand, locate and palpate the
smooth convex contour of the fetal back and the irregularities
that identify the small parts (feet, hands, elbows). This assists in
identifying fetal lie and position (see Fig. 3.2B).

3. With the right hand, determine which fetal part is presenting over
the inlet to the true pelvis. Gently grasp the lower pole of the
uterus between the thumb and fingers, pressing in slightly (see
Fig. 3.2C). If the head is presenting and not engaged, determine
the attitude of the head (flexed or extended). This maneuver
defines the fetal lie and position according to the presenting part.
It is referred to as Pawlak s maneuver.

4. Turn to face the woman’s feet. Using both hands, outline the fetal
head (see Fig. 3.2D) with the palmar surface of the fingertips.
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Fig. 3.2 Leopold’s maneuvers. (From D. Kachlik, I. Kastner, V.
Baca, Christian Gerhard Leopold: fascinating history of a produc-
tive obstetrician gynecologist. Obstet. Gynecol. Surv. 67 (1) (2012)
1-5.)

When the presenting part has descended deeply, only a small por-

tion of it may be outlined. The fourth maneuver assists in defin-

ing the approximate distance between the presenting part and the
maternal pelvis.

Palpation of cephalic prominence assists in identifying the atti-
tude of head.

If the cephalic prominence is found on the same side as the
small parts, the head must be flexed, and the vertex is pre-
senting. If the cephalic prominence is on the same side as
the back, the presenting head is extended, and the face is
presenting.
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Utilization, Procedure, and Frequency of
Intermittent Auscultation

IA instead of continuous EFM in low-risk obstetric patients is the
preferred method of fetal surveillance by healthcare professionals in
many countries. Benefits include mobility in labor, less distraction,
ease of use with hydrotherapy, and providing a more natural birthing
experience for women who desire less interventions. In an attempt
to limit interventions during labor and birth, the American College
of Obstetricians and Gynecologists (ACOG) suggested that obstetric
care teams be familiar with low interventional approaches to intra-
partum management in low-risk women with spontaneous labor [9].
One recommendation is adopting protocols and facilitating training
for use of IA in low-risk women instead of continuous monitoring.
In the United States reliance on the electronic monitor is more preva-
lent, most likely because of staffing patterns, staffing mix, and liabil-
ity concerns [8,10,11].

Suggested IA counting methods in the literature are typically
based on protocols evaluated in randomized trials [3,8]. At this
time, there is insufficient evidence on the best counting method
for auscultating FHR characteristics. The technique used for IA
and suggested methods to identify rate, rhythm, and increases and
decreases are outlined in Table 3.2. In general, the first element of
IA is to auscultate the FHR for 30 to 60 seconds when the fetus is
not moving and between uterine contractions. The rhythm (regular
or irregular) is typically identified during this time. A multicount
strategy is typically used as the second component of auscultation
in which the FHR is counted during several 5- to 15-second incre-
ments. Increases indicate an acceleration and decreases indicate a
deceleration [3,8,12]. Regardless of the counting method used to
assess the FHR, the standard practice is to evaluate and document
the FHR at specific time intervals to provide factual and accurate
information [3,8].

There is a lack of clear evidence and clinical trials to guide the
optimal frequency intervals for FHR auscultation during latent and
active phase labor [2,8]. Some sources recommend using a more
conservative approach of assessing more frequently based on certain
risk factors, although it should be noted that there are inconsistent
definitions of what qualifies as low risk and high risk. Consequently,
professional organizations have provided general guidelines for
assessment frequency of low- and high-risk patients during labor.



34 Chapter 3

TABLE 3.2 Procedure for Intermittent Auscultation

1.

2.

Determine fetal position, lie, and presentation by performing
Leopold’s maneuvers (see Fig. 3.2).

Place the listening device over the fetal back or shoulder where
maximum intensity of the FHR sounds is the loudest. If using a regular
stethoscope, the dome or bell end of the device is used.

. Palpate and count the maternal radial pulse to differentiate FHR

from maternal heart rate. Simultaneous palpation of the maternal
pulse while listening assists in distinguishing between both fetal and
maternal heart rates.

. Palpate the abdomen for the presence or absence of uterine activity.

If present, frequency, duration, intensity, and resting tone are
assessed.

. Auscultate the FHR for 30-60 seconds to establish a baseline. If UA

is present, auscultate between contractions. Suggested counting
techniques include:

Count for one full minute.

Count for two intervals of 30 seconds and add together.

Count for four intervals of 15 seconds and add together.

. Determine whether FHR rhythm is regular or irregular. If an irregular

rhythm is detected, further assessment by other methods (e.g.,
ultrasound, echocardiography) may be necessary to diagnose the
type of arrhythmia present or to rule out artifact.

. Time auscultation in relationship to UA to confirm whether an FHR

is consistent with the established baseline and to detect audible
increases or decreases from the baseline. Suggested auscultation
techniques include:

®  Throughout and after a contractions

B |n the latter portion of a contraction and after a contraction

®  |mmediately after a contraction

. Determine the presence of FHR increases and decreases. Suggested

strategies include:

= Count the FHR during several 5- to 15-second increments.

B Count the FHR in consecutive 6-second intervals and multiply the
number of beats for each interval by 10.

. When there are distinct discrepancies in FHR during listening periods,

auscultate for a longer period of time during, after, and between
contractions. EFM also may be initiated.

FHR, fetal heart rate; UA, uterine activity.

From K. Wisner, C. Holschuh, Fetal heart rate auscultation, Nurs Womens
Health 22 (6) (2018) e1-e32; S. Dore, W. Ehman, Fetal health surveillance:
intrapartum consensus guideline, No. 396, | Obstet Gynaecol Can. 42 (3)
(2020) 316-348; American College of Nurse-Midwives, Intermittent ausculta-
tion for intrapartum fetal heart rate surveillance, ] Midwifery Womens Health.
60 (5) (2015) 626-632.



Methods and Instrumentation 35

However, the American College of Nurse-Midwives (ACNM) sug-
gests that low risk be defined as the absence of obstetric or medical
conditions, such as hypertension, that are associated with utero-
placental insufficiency or conditions that are associated with an
increased incidence of an umbilical artery pH less than 7.1 at birth
[3]. Furthermore, the latent and active phases of labor were redefined
in a consensus statement regarding the safe prevention of primary
cesarean delivery, with active labor defined as >6 cm as opposed to
>4 cm [13]. Frequency of fetal assessment was not addressed in the
statement. These definitions are not reflected in several auscultation
position statements or guidelines distributed by international profes-
sional organizations, except for the Association of Women’s Health,
Obstetric and Neonatal Nurses (AWHONN; [Table 3.3]). Regardless
of which definition of latent and active phase is used, assessment
frequency must take into account the maternal—fetal status and may
need to occur more often on the basis of individual patient character-
istics. Because of the scarcity of high-quality evidence regarding the
optimal frequency of IA, clinicians may be best served by a multidis-
ciplinary review of the limited evidence and formulation of consen-
sus-based institutional protocols. Chapter 10 addresses assessment
frequency versus documentation frequency in greater detail.

TABLE 3.3 Suggested Frequency of Intermittent Auscultation

Professional Active Stage  Second Stage
Organization Latent Phase Labor Labor

ACOG/AAP Insufficient evidence Defined as > Low risk: every

(2017) to make recom- 6cm 15 minutes
mendations Low risk: every  High risk: every
30 minutes 5 minutes
High risk: every Does not
15 minutes differentiate
passive and
active pushing
ACOG (2009) Insufficient Does not Every 5 minutes
evidence to differentiate Does not
make recommen- between low differentiate
dations and high between low
risk every and high risk

15 minutes  Does not
differentiate
between
passive and
active pushing

Continued
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TABLE 3.3 Suggested Frequency of Intermittent Auscultation—cont’d

Professional Active Stage  Second Stage
Organization Latent Phase Labor Labor
ACNM (2015) Insufficient Low risk: every  Active second
evidence to make  15-30 minutes  stage pushing
recommenda- High risk: EFM  Low risk: every
tions 5 minutes
High risk: EFM
AWHONN <4 cmand low risk > 6 cmand low Passive second
(2018) without oxytocin risk without stage and low
Insufficient evidence oxytocin risk without
to make recom-  Low risk: every oxytocin
mendations; 15-30 minutes Every 15 minutes
frequency Active pushing and
determined by low risk without
midwife or physi- oxytocin
cian 4-5 cm Low risk: every
every 15-30 minutes 5-15 minutes

Note: At this time, professional organizations including AWHONN, ACNM,
ACOG, or the AAP have not published detailed definitions differentiating “low
risk” and “high risk.” ACNM has suggested criteria for low-risk women only.
Generally, continuous EFM is recommended for women who have obstetric or
medical conditions (e.g., intrauterine growth restriction or chronic hyperten-
sion requiring antihypertensive medication) that place the maternal-fetal dyad
at risk for adverse perinatal/neonatal outcomes or metabolic acidemia.

AAP, American Academy of Pediatrics; ACNM, American College of Nurse-
Midwives; ACOG, American College of Obstetricians and Gynecologists;
AWHONN, Association of Women’s Health, Obstetric and Neonatal Nurses.

Adapted from American Academy of Pediatrics (AAP), American College of
Obstetricians and Gynecologists (ACOG), Guidelines for Perinatal Care, seventh
ed., AAP, ACOG, Washington, DC, 2012; American College of Nurse-Midwives
(ACNM), Intermittent auscultation for intrapartum fetal heart rate surveillance.
ACNM Clinical Bulletin Number 13, . Midwifery Womens Health 60 (2015) 626
632; N.F. Feinstein, A. Sprague, M.). Trepanier, Fetal Heart Rate Auscultation, second
ed., Association of Women'’s Health, Obstetric and Neonatal Nurses (AWHONN),
Washington, DC, 2008; American College of Obstetricians and Gynecologists
(ACOQG), Intrapartum fetal heart rate monitoring: nomenclature, interpretation, and
general management principles. ACOG Practice Bulletin No. 106, Obstet. Gynecol.
114 (2009) 192-202; Association of Women'’s Health, Obstetric and Neonatal
Nurses (AWHONN), Fetal heart monitoring. AWHONN Position Statement, J.
Obstet. Gynecol. Neonatal Nurs. 44 (5) (2015) 683-686.

Documentation of Auscultated Fetal Heart Rate

Similar to EFM, clinical information about the FHR and UA is
documented on a regular basis during the intrapartum period. This
includes the counted FHR, the rhythm, the presence of increases and
decreases, and whether these changes are abrupt or gradual.
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Note: It is not appropriate to record the descriptive terms early,
late, and variable decelerations or absent, minimal, moderate, or
marked variability when documenting the auscultated FHR because
these patterns can only be interpreted with a visual assessment of a
monitor tracing. However, terms that are numerically defined, such
as bradycardia and tachycardia, can be used [3,8].The UA findings
assessed during palpation also are included in the documented entry.
Documentation of an auscultated FHR is accompanied by other
routine parameters that are assessed and documented during labor
including but not limited to maternal observations and assessment,
interventions, maternal—fetal responses to these interventions, and
communication with other healthcare professionals [§]. These entries
are to be documented concurrently at the time of assessment [8,14].

Interpretation of Auscultated Fetal Heart Rate

The three-tiered category system introduced by the National Institute
of Child Health and Human Development [15] has been adapted by
AWHONN and ACNM to a two-tier category system that reflects
FHR characteristics acquired via IA [3,8]. Other international pro-
fessional organizations have not adopted a category system for IA.
Category I auscultated FHR characteristics include a FHR baseline
(BL) range of 110 to 160 bpm, regular rhythm, presence or absence
of FHR increases from the FHR BL range, and absence of decreases
from the FHR BL range. Category I characteristics are strongly pre-
dictive of normal fetal acid—base status at the time of observation and
do not require specific interventions other than routine management
[15]. Category II auscultated FHR characteristics include everything
that is not classified as Category I [3,8]. Management options for a
Category II include increasing IA frequency, implementation of cor-
rective measures such as lateral positioning, application of the EFM
to clarify the FHR pattern visually, and notification of the midwife
or physician [3,8].

Benefits and Limitations of Auscultation

Benefits

Widely available and easy to use

Less invasive

Outcomes comparable to EFM with 1:1 nursing care
Inexpensive

Comfortable for the woman

Provides freedom of movement for the woman
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= 1:1 nursing care promotes “doula effect” benefits
= Allows easy FHR assessment during use of hydrotherapy

Limitations

= May be difficult to obtain the FHR in some situations, such as
hydramnios and maternal obesity
= Does not provide a permanent, documented visual record of the
FHR
Counting of the FHR is intermittent
Cannot assess visual patterns of the FHR variability or periodic
changes
= Significant events may occur during periods when the FHR is not
auscultated
= May not allow early detection of the FHR changes that reflect
hypoxemia
= Not recommended for high-risk pregnancies
In summary, IA is an effective method of fetal surveillance if per-
formed in a consistent manner by a clinician caring for a woman
according to a prescribed frequency. Internationally, IA is frequently
and successfully employed as the first line of fetal surveillance in
the obstetric population. Continued research regarding auscultation,
especially studies related to nurse/patient ratios, counting methods
and frequency of assessments during labor, and inter- and intraob-
server reliability could prove beneficial in incorporating IA into daily
clinical practice.

Palpation of the Uterus

There are several approaches to uterine contraction assessment
during the intrapartum period to include manual palpation, tocody-
namometry, measurement of intrauterine pressure, and uterine elec-
trohysterography (EHG). Uterine palpation is the primary method
that is used in conjunction with auscultation but is also recommended
in combination with other electronic modes of monitoring UA. Refer
to Chapter 4 for further information.

ELECTRONIC FETAL MONITORING

Overview

EFM equipment is designed to recognize and process FHR data and
UA information [16]. Several entities manufacture EFM equipment.
Each have various computer programming capabilities, buttons, cable
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port entrances, keyboards, displays, and names for various parts and
pieces. Fetal monitoring and UA data can be obtained via an external,
internal, or a combined approach using either method. The external
mode of monitoring employs the use of transducers placed on the
maternal abdomen to assess the FHR and UA. The internal mode
uses a fetal spiral electrode (FSE) to assess the FHR and an intrauter-
ine pressure catheter (IUPC) to assess UA and intrauterine pressure.
In some countries, EFM is called cardiotocography (CTG). Further
information about CTG can be found in Chapter 11. The following
table compares the external and internal modes of monitoring and
gives a brief description of the equipment used for each.

External Mode Internal Mode

FHR

Ultrasound (Doppler) Fetal spiral electrode: Electrode
transducer: High-frequency converts FECG (as obtained
sound waves reflect mechanical ~ from presenting part) to FHR via
action of the fetal heart. cardiotachometer by measuring

consecutive fetal R wave intervals.
The cervix must be sufficiently
dilated to allow placement. The
electrode penetrates the fetal
presenting part 1.5 mm, and it must
be securely attached to ensure an

adequate signal.
UA
Tocodynamometer Intrauterine pressure catheter:
(tocotransducer): This This instrument quantitatively
instrument monitors the monitors frequency, duration,
approximate frequency and and intensity of contractions
duration of contractions and resting tone. The catheter is
by means of a pressure- compressed during contractions,
sensing device applied to the placing pressure on a transducer
abdomen. tip and then converting the
pressure into millimeters of
mercury (mm Hg) on the UA

panel of the monitor tracing. The
membranes must be ruptured
and the cervix sufficiently
dilated for placement. Catheters
are available with a second
lumen that can be used for
amnioinfusion.

FECG, fetal electrocardiogram; FHR, fetal heart rate; UA, uterine activity.
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Converting Raw Data Into a Visual Display
of Fetal Heart Rate

The FHR data collected, whether by external or internal means, is con-
verted into a visual display (Figs. 3.3 and 3.4). This display may be on
paper, on a computer screen, or both. Interpretation is based on a visual
assessment of data presented on a Cartesian graph. The gridlines on
the horizontal (x) axis of the graph represent time in increments of 10
seconds. The gridlines on the vertical (y) axis represent the FHR in
increments of 10 bpm. As illustrated in Fig. 3.5, the FHR appears on

PHILPS

Fig. 3.3 Philips Avalon FM50 fetal monitor provides measurement of
the fetal heart rate (FHR) including noninvasive triplet monitoring,
FHR high/low audible and visual alarms, and fetal electrocardiogram
(FECG). Maternal parameters include toco and intrauterine pressure,
blood pressure, pulse rate, pulse oximetry, and ECG. It has cross-
channel verification of maternal and fetal heart rate, displays FECG
and maternal ECG on the color display touch screen, and has a LAN
interface for compatibility with hospital IT networks. (Courtesy Philips
Medizin Systemes, Boblingen, Germany.)

Fig. 3.4 Corometrics 250CX fetal monitor. (Courtesy GE Healthcare,
Milwaukee, WL.)
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Fig. 3.5 A fetal heart rate tracing has the appearance of an irregular
horizontal line. (Courtesy David A. Miller, MD.)

the graph as an irregular horizontal line representing the FHR over a
period of time. However, as demonstrated in Fig. 3.6, closer inspection
reveals that the “irregular horizontal line” is not a line at all. Instead, a
series of individual, closely spaced points are observed. Each point rep-
resents an individual heart rate that is calculated from the time between
two successive heartbeats. This is a fundamental principle of EFM and
merits a brief review.

Fetal monitoring equipment used in clinical practice detects the
fetal heartbeat in one of two ways. An FSE detects the actual electrical
impulses that originate in the fetal heart and make up the fetal electro-
cardiogram (FECG). An external transducer uses Doppler ultrasound to
detect cardiac motion. Regardless of the method of detecting the fetal
heartbeat, the monitor uses the same basic principles to process the raw
data for visual display. If the FHR is derived from a direct fetal electrode
detecting the FECG, as illustrated in Fig. 3.6, the monitor measures the
distance between two successive R waves and calculates a heart rate

Upon closer inspection, what appears to be an irregular
horizontal line actually is a series of closely spaced, individual
points. Each point represents an individual heart rate calculated
from the interval between two R waves in the fetal ECG.

f[f 4
10 seconds III \\
/
|
\ \

/
I
Calculated
FHR (bpm) 138 139 138 136 137
R R R R R R R R
Raw FHR data N N I N H h H H
fetal ECG
Fig. 3.6 Converting raw fetal heart rate (FHR) data for visual display.
ECG, electrocardiogram. (Courtesy David A. Miller, MD.)

] 10 bpm
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based on that single R-R interval. The individual heart rate is plotted as
a single point on the FHR graph. The monitor then measures the next
R-R interval, calculates a new heart rate, and plots it as a new point
on the graph. This process is repeated with every subsequent R wave.
If the FHR is derived from an external Doppler ultrasound transducer,
the monitor uses the peak of the Doppler waveform in place of the R
wave and performs the same basic calculations. A normal FHR BL rate
of 120 bpm will yield approximately 120 individual graph points every
minute, each representing an individual heart rate. To the eye, these
individual points are spaced so closely together that they appear as a
line. Variations in the FHR cause the line to appear irregular. The physi-
ologic significance of these variations is discussed in Chapter 5.

EXTERNAL MODE OF MONITORING

Ultrasound Transducer

Description

The ultrasound transducer device is placed on the maternal abdomen
and transmits high-frequency ultrasound waves of approximately
2.5 MHz into the fetal tissues [16] (Fig. 3.7). Once ultrasound waves

Tocotransducer
(uterine contractions)  Ultrasound
transducer

(FHR)

Fig. 3.7 Placement of external transducers. The tocotransducer trans-
mits uterine activity. The ultrasound transducer transmits fetal heart rate
(FHR). (From D.L. Lowdermilk, S.E. Perry, K. Cashion, et al., Maternity &
Women'’s Health Care, twelfth ed., Mosby, St. Louis, 2020.)
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reach the fetal heart interface, waves are reflected back toward the
transducer device in different sound frequencies and converted into
electric signals. This phenomenon is known as the Doppler effect.
This change in frequencies is used to calculate the motion of the fetal
heart. As described previously, Doppler-detected fetal heart motion is
converted to a continuous graphic display of the FHR printed on the
upper portion of the monitor tracing. Simultaneously, the Doppler-
detected FHR is converted electronically to an audible sound and
flashing light on a monitor screen.

The Doppler signal can be affected by changes in the position of
the transducer, the woman, or the fetus. Changes in the direction of
the sound beam with UA may cause a loss of signal and make the
resulting tracing uninterpretable. Therefore the ultrasound transducer
may need frequent repositioning to attain an FHR tracing that can
be interpreted correctly. Furthermore, certain equipment errors and
clinical conditions may produce artifacts or data that make interpre-
tation confusing and difficult.

Placement of Ultrasound Transducer

A sequential procedure with rationales is provided for the application
of the ultrasound transducer.

Procedure Rationale

1. Position the woman in a Maximizes uteroplacental
comfortable sitting or side-lying blood flow to avoid supine
position. hypotension.

2. Perform Leopold’s maneuvers ~ Determines fetal position, lie,
(see Fig. 3.2). and presentation.

3. Align and insert the ultrasound  Provides connection without
transducer plug into the damaging connector pins that

appropriate monitor port (labeled  result in a faulty signal.
Cardio or US [for ultrasound]).

4. Apply a small amount of Aids in the transmission of
ultrasound gel to the ultrasound ultrasound waves.
transducer surface placed on the
maternal abdomen.

5. Place the ultrasound transducer ~ Assists in achieving a clear
on the abdomen, preferably signal.
over the fetal back, which is
usually the point of maximum
intensity. Adjust the monitor’s
volume control to aid in correct
placement.

Continued
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Procedure Rationale
6. Palpate the maternal radial pulse Differentiates between maternal

7.

10.

11.

12.

and compare with the FHR.
Secure the ultrasound transducer
with the abdominal straps or
other fixation device.

. Observe the signal-quality

indicator.

. Confirm paper speed is set at 3 cm/

min. Note: A speed of 1 or 2 cm/
min is used in some countries.
Reposition the ultrasound
transducer whenever the fetal signal
becomes uninterpretable (e.g., when
the woman moves or when the fetus
descends in the pelvis).

Carefully remove the ultrasound
transducer at the completion

of monitoring and cleanse the
abdomen of gel.

Box 3.1 provides guidelines for
care, cleaning, and storage of
external transducers.

and fetal heart rates.
Prevents ultrasound transducer
from being displaced.

Verifies clarity of input based
on correct placement of the
transducer.

Confirms that the paper feeds
correctly and that a recording
is clear.

Ensures a clear, contiguous
tracing during fetal
surveillance.

Removal of accumulated
substances from the abdomen
assists in preventing or
decreasing skin irritation.

Prevents damage and ensures
cleanliness of equipment.

FHR, fetal heart rate.

BOX 3.1 General Guidelines for Care, Cleaning, and Storage
of External Ultrasound and Tocotransducers and Internal
Monitoring Cables

Exercise caution when removing and handling the ultrasound and
tocotransducers so that they are not dropped or allowed to swing
against any equipment to protect from damage.

Clean transducers and cables according to the manufacturer’s
operating manual, usually with a soft cloth using mild soap and
water. Avoid submerging transducers or placing them beneath
running water. Do not use alcohol or other cleaning solutions that

may damage equipment.

Gently and loosely coil transducers and cables for storage. Avoid
tight coiling and sharp bending of the cables, which will result in

damage to the wires or casing.

Cables between monitor models and manufacturers are usually not
interchangeable. Forced insertion into an incompatible monitor port

is likely to result in damage.

Dispose of disposable abdominal belts and leg straps.
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Tocotransducer

Description

The tocotransducer, often referred to as a toco, monitors UA transab-
dominally by means of a pressure-sensing button that is depressed by
uterine contractions or fetal movement. The UA panel of the moni-
tor paper or computer screen displays the frequency and duration
of contractions and relaxation time between contractions. Intensity
and resting tone can be assessed only with palpation or the use of an
IUPC. Thus palpation of UA to assess intensity and resting tone is
mandatory when using the tocotransducer.

Placement of Tocotransducer

A sequential procedure with rationales is provided for the placement

of the tocotransducer.

Procedure

Rationale

1.

Position the woman in a
comfortable sitting or side-lying
position.

. Perform Leopold’s maneuvers

(see Fig. 3.2).

. Align and insert the

tocotransducer plug into the
appropriate monitor port labeled
Toco or UA (for uterine activity).

. Place the tocotransducer on

the maternal abdomen over the
upper uterine segment, which is
the more active portion of the
uterus. No gel is required for this
task.

. Secure the tocotransducer with

the abdominal straps or other
fixation device.

. Confirm paper speed is set at

3 cm/min. Note: A speed of 1
or 2 cm/min is used in some
countries.

. Between contractions, press the

UA or Toco reference button for
the resting baseline to print at
the 10- to 20-mm Hg line on the
monitor strip.

Maximizes uteroplacental blood
flow by avoiding supine
hypotension.

Determines fetal position, lie,
and presentation.

Provides connection without
damaging connector pins that
result in a faulty signal.

Confirms that the upper
uterine segment is as
close as possible to the
pressure-sensing button.
Gel accumulation impedes
tocotransducer functioning.

Prevents tocotransducer from
being displaced.

Confirms that the paper feeds
correctly and that a recording
is clear.

Establishes baseline parameter
to be used when determining
the start and end of a uterine
contraction.

Continued
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Procedure Rationale
8. Monitor frequency and duration Tocotransducer cannot measure
of uterine contractions and resting tone and intensity of
palpate resting tone and uterine contractions because
intensity. depression of the pressure-

10.

11.

12.

sensing button varies with
amount of maternal adipose

tissue.
. When monitoring is in progress, Promotes maternal comfort and
readjust abdominal belt maintains proper positioning
periodically, and massage any of the tocotransducer.

reddened skin areas.

Reposition the tocotransducer ~ Ensures a clear, contiguous
periodically after palpation tracing during fetal

and secure the abdominal belt surveillance.

snugly.

Carefully remove the Removal of accumulated
tocotransducer at the completion substances from the abdomen
of monitoring and cleanse the assists in preventing or

abdomen of any accumulation of ~ decreasing skin irritation.
perspiration or other solutions.

See Box 3.1 for guidelines for ~ Prevents damage and ensures
care, cleaning, and storage of cleanliness of equipment.
external transducers.

Advantages and Limitations of External
Transducers

Advantages

Noninvasive

Easy to apply

May be used during the antepartum period

May be used with telemetry

Does not require ruptured membranes or cervical dilation
No known risks to woman or fetus

Provides continuous recording of the FHR and UA

Limitations

May limit maternal movement.

Frequent repositioning of transducers is often needed to maintain
an accurate tracing.

Ultrasound transducer may double-count a slow FHR of less than
60 bpm, resulting in an apparently normal FHR during a bradycardia,
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or it may half-count an elevated FHR of more than 180 bpm, result-
ing in an apparently normal FHR during a tachycardia.

= MHR may be counted if the ultrasound transducer is placed over
the maternal arterial vessels, such as the aorta.

m  Tocotransducer provides information limited to frequency and
duration of uterine contractions; it cannot accurately assess
strength or intensity of uterine contractions.

= Obese women and preterm or multifetal gestations may be dif-
ficult to monitor.

Integrated Abdominal Fetal Heart Rate and Uterine
Activity Monitoring
Noninvasive monitoring for FHR and UA using transabdominal detec-
tion continues to evolve in obstetric practice. As previously discussed,
Doppler technology has two main issues that affect reliability of the
data presented: separation of the FHR from the MHR and loss of signal
during maternal position changes or fetal movement. Signal loss using
Doppler technology occurs approximately 10% to 40% of the time a
monitor is in place and is related to but not limited to maternal and fetal
position changes, maternal body habitus, and the stage of labor [17].
Integrated systems are alternatives to traditional external monitoring
because this technology incorporates FECG and EHG into a singular
piece of technology and has been found to be beneficial in the obese
population [17-20]. Integrated monitoring systems do not replace tradi-
tional internal FHR or UA monitoring when clinically indicated, such as
when Montevideo units need to be calculated for oxytocin management.
Wireless, adhesive patches, similar to adult ECG pads, are placed
on the maternal abdomen in several locations (Fig. 3.8). These
patches collect the electrical activity emitted from the MHR, fetal
R-R interval, and uterine contraction activity [17]. Once the moni-
tor filters and converts the abdominal signals to electrophysiologic
data, the MHR, FHR, and UA are transmitted wirelessly in a digital
format, via Bluetooth technology, to a monitor interface [21]. Data
are then displayed on the fetal monitor and central display. More
precisely, these devices simultaneously monitor the electrophysi-
ologic signals on separate channels using a sophisticated technology
to uniquely identify the maternal ECG and subtract it from the sig-
nal leaving only the FECG complex [22,23]. This complex process
eliminates some of the difficulty that is often found with Doppler
technology, such as signal interruption with fetal movement and sig-
nal coincidence. Additionally, adipose tissue has less of an effect on
the electrical signals monitored on the abdomen than it does on the
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Fig. 3.8 Novii Wireless Patch System providing abdominal fECG and con-
traction monitoring via EMG. (Courtesy GE Healthcare, Milwaukee, WI.)

transmission of ultrasound, so there is less signal loss in women with
elevated body mass indices [17,18,24].

UA is created from a small amount of electrical activity at the
level of the myometrial smooth muscle cell [20]. In turn this results
in an increase in intrauterine pressure, which is reflected as UA
frequency, occurrence of the peak, and duration. Actual intrauter-
ine pressure reflected in millimeters of mercury is not measured.
Palpation is used to assess contraction strength and uterine resting
tone. Studies have reported higher sensitivity and accuracy in labor-
ing women, regardless of the body mass index, when this monitoring
mode was compared with a tocotransducer [20]. Contraction con-
sistency index and sensitivity were also reported to be better versus
traditional monitoring with a toco.

Benefits of the abdominal FECG and EHG approach include
improved signal quality, elimination of maternal—fetal signal coinci-
dence, and maternal mobility and comfort. This device is now water-
proof and can be used for hydrotherapy. These devices eliminate the
need for belts and frequent tocotransducer readjustments common in
traditional monitoring, and now there are models available for home
use that may aid in telehealth initiatives. Although availability of
the noninvasive FECG is a clear benefit, there are some fetuses that
generate a poor FECG as measured on the abdomen and cannot be
monitored with this technology. Clinicians should refer to the manu-
facturer’s guidelines for further guidance.
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INTERNAL MODE OF MONITORING
Fetal Spiral Electrode

Description

The FSE monitors the FECG from the presenting part. Application
of this device occurs once the amniotic membranes have been
ruptured, although it may be applied through intact membranes
if clinically indicated. Additionally, the cervix must be suffi-
ciently dilated to allow placement, and the presenting part must be
accessible and identifiable (Fig. 3.9). Care is taken to avoid skull
suture lines and fontanels or the gluteal area of the fetal buttocks.
Therefore the FSE is used only during the intrapartum period. A
licensed registered nurse (RN) may place the FSE if approved by
the institution policies and there is documentation of successful
completion of the skills competency. The state nursing licens-
ing board regulations for FSE placement by an RN also should
be reviewed with special attention on placement in the setting of
intact membranes if applicable.

Scalp electrode

Intrauterine pressure catheter
(uterine contractions)

Electrode
(fetal heart rate)

Fig. 3.9 Internal mode of monitoring with intrauterine pressure
catheter and spiral electrode attached to the fetal scalp. (From D.L.
Lowdermilk, S.E. Perry, K. Cashion, et al., Maternity & Women'’s Health
Care, twelfth ed., Mosby, St. Louis, 2020.)
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Contraindications

Planned application to the fetal face, fontanels, or genitalia
Inability to identify the portion of the fetus where application is
contemplated
Presence or suspicion of placenta previa
Presence of active herpes lesions or human immunodeficiency
virus

= Maternal infection with hepatitis B or C

Situations Requiring Caution

= Woman is positive for group B Streptococcus, syphilis, or
gonorrhea
m  The fetus is premature
It is important to refer to the manufacturer’s directions and
guidelines, current professional guidelines, and institutional policies
related to use of the FSE.

Placement of Fetal Spiral Electrode

Procedure Rationale

1. Perform a sterile vaginal Assists in avoiding placement
examination to determine presenting on fetal face, fontanels,
fetal part and cervical dilation. and genitalia.

2. Retract FSE until tip is Prevents injury to the
approximately 1 inch into drive vaginal wall and
handle and introduce the guide tube clinician’s fingers
into the vagina with nonexamining after glove puncture.
hand, keeping examining fingers on Also ensures proper
target area. placement.

3. Rotate the drive and guide tubes Ensures proper depth of
clockwise approximately 1'% placement and to avoid
rotations until resistance is met. Do tissue injury from
not continue to rotate the device. excessive placement

depth.

4. Release the electrode wires from the Maintains proper placement
locking device or handle notch and and safe removal of
slide the drive and guide tubes off device.

the electrode wires and out of the
vagina. Discard the outer drive tube
when the application procedure is
completed.
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Procedure Rationale

5. Connect to the leg plate cable and Promotes an adequate signal
secure on the woman’s thigh. Avoid from the electrode.
tension, pulling, or dislodging the
spiral electrode.

6. During monitoring, check the Ensures transmission of the
attachment plate periodically, and signal.
reposition for comfort as needed.

7. When removing the spiral electrode, ~ Pulling the electrode

prior to an operative vaginal birth straight out results in

or cesarean birth, turn 1% rotations unnecessary trauma to
counterclockwise or until it is free from  the fetal skin, produces
the fetal presenting part. Do not pull an observable wound,
the electrode from the fetal skin. Do and predisposes the site
not cut wires and pull apart to remove to infection. In cesarean
electrode from the fetus. Disconnect delivery if the FSE does
the electrode from the leg plate, remove  not attach, cut the wires
the attachment pad, and dispose of at the perineum and

the electrode and the attachment pad notify the physician.

according to facility policy.
8. See Box 3.1 for guidelines for care, Prevents damage and ensures
cleaning, and storage of cables. cleanliness of equipment.

FSE, fetal spiral electrode.

Intrauterine Pressure Catheter

Description

In certain clinical scenarios, an internal assessment of the uterine envi-
ronment is warranted, such as an inability to effectively monitor UA in
an obese woman. The IUPC monitors uterine contraction frequency,
duration, intensity, resting tone, and relaxation time (Fig. 3.10). A
small catheter is introduced transcervically into the uterus after the
amniotic membranes have been ruptured and the cervix is sufficiently
dilated to identify the presenting part. The catheter is compressed dur-
ing uterine contractions, placing pressure on a transducer. The pres-
sure is then reflected on the monitor tracing in units of millimeters of
mercury.

Similar to FSE placement, a licensed RN may insert the [UPC
as long as state licensing board regulations have been verified and
the nurse is competency-verified according to the institution’s poli-
cies. There are two types of [UPCs available for labor management:
transducer tipped and sensor tipped. Each one has specific benefits,
limitations, troubleshooting procedures, and capabilities including
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Removable
insertion guide

/

Sensor tip
transducer

/ Amnio port

Fig. 3.10 Intrauterine catheter with the sensor transducer located in
the tip of the catheter provides uninterrupted uterine activity monitor-
ing. Note that this catheter has an amnioport that may be used for
amnioinfusion. The procedure of amnioinfusion is used to treat vari-
able decelerations in the presence of oligohydramnios. See Appendix A
for more information.

ease of use, placement technique, ability to allow amnioinfusion, and
rezeroing capability. Clinicians are advised to refer to the manufac-
turer’s directions and guidelines, along with the facility’s policies
and procedures, for information on use and insertion.

Placement of Intrauterine Pressure Catheter

Procedure Rationale
1. Turn the power on and insert the Activates the pressure
reusable cable into the appropriate transducer.
monitor connector labeled UA, Toco,
or Utero.

2. Refer to manufacturer’s directions for Establish a zero baseline
zeroing instructions as each IUPC has for the catheter system
specific instructions. based on normal

atmospheric pressure.

3. Perform a sterile vaginal examination Identifies an optimal
to determine presenting fetal part and location for catheter
cervical dilation. insertion.



Methods and Instrumentation 53

Procedure Rationale

4. Insert the sterile catheter and introducer Prevents injury to the
guide inside the cervix between the vaginal wall.
examining fingers; do not extend
introducer guide beyond fingertips.

5. Advance only the catheter according  Confirms that sufficient

to the insertion depth indicator or catheter is inside the

until the blue/black or stop mark on it uterus (approximately

reaches the vaginal introitus. 30-45 cm) to maintain a
quality tracing.

6. Separate and remove or slide the Prevent the guide from

catheter introducer guide away from sliding toward the

the introitus and remove; dispose of introitus causing injury or

the guide appropriately. retraction of the catheter
device.

7. Secure the catheter to the woman’s leg Promotes an adequate
or abdomen,; it avoids tension, pulling,  signal from the [UPC.

or dislodging the [UPC.
8. Encourage the woman to cough or Confirms placement and
briefly perform Valsalva’s maneuver. functioning.

Observe the graph during this time; a
sharp spike should appear when the
IUPC is properly positioned.
. Rezero monitor if indicated during labor, Ensure that uterine activity
according to manufacturer’s directions. information is correct.

Nel

10. Gently remove catheter after use and

disconnect from the cable.

11. See Box 3.1 for guidelines for care,

cleaning, and storage of cables.

2 Remove catheter immediately in the event of extraovular placement outside
of the amniotic fluid space (between the chorionic membrane and endometrial
lining), as evidenced by blood in the catheter.

IUPC, intrauterine pressure catheter; UA, uterine activity.

Advantages and Limitations of Internal
Monitoring

Advantages

Capability of accurately displaying some fetal cardiac arrhyth-
mias when linked to ECG recorder.

Accurately displays an FHR between 30 and 240 bpm.

Only truly accurate measure of all UA (e.g., frequency, duration,
intensity, and resting tone).
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= Allows for use of amnioinfusion.

= Positional changes do not usually affect quality of FHR tracing
(may affect IUPC accuracy).

= May be more comfortable than external transducer belt.

Limitations

Presenting part must be accessible and identifiable to place the FSE.
Internal electrode may record MHR in presence of fetal demise.
May not achieve adequate ECG conduction when excessive fetal
hair is present.

Requires (or will result in) rupture of membranes.

Cervix must be dilated sufficiently to allow placement.

Improper insertion can cause maternal or placental trauma.

May increase risk for infection.

DISPLAY OF FETAL HEART RATE, UTERINE
ACTIVITY, AND OTHER INFORMATION

The front of the EFM will display the FHR and the intrauterine pressure,
while identifying each signal source, including when there is a change
in the mode of monitoring. Additional data that are collected depend-
ing on the model of the EFM and whether these monitoring options are
enabled include maternal noninvasive blood pressure, MHR, maternal
pulse oximetry, maternal ECG in real time, and gross fetal body move-
ments. Several of these parameters are displayed on the front or face
of the monitor and may be viewed on the tracing or the paper printout
(Fig. 3.11). The MHR and maternal ECG can be trended on the upper
(or heart rate) section of the monitor strip. Maternal noninvasive blood
pressure is printed as whole numbers. Additional recorded information
includes the time of day, date, and paper speed. The manufacturer’s
operating manual should be readily available and be referred to for
more information, especially troubleshooting equipment or when fur-
ther assistance is needed when women require concurrent monitoring
of multiple parameters.

Monitor Tracing Scale

The FHR and UA are printed on scaled paper with the FHR printed
on the upper section and the UA on the lower section of the paper or
computer display (Fig. 3.12). Monitors are preset by the manufactur-
ers for the countries in which they are used. Note the differences in the
range and scale of the FHR and UA sections, and in the paper/recorder
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HUNTLEIGH

Fig. 3.11 OBIX BeCA fetal monitor displaying vital signs. (Courtesy
Clinical Computer Systems, Inc., Hoffman Estates, IL and Huntleigh
Healthcare LTD. Cardiff, UK.)

speed, in Fig. 3.13. In North America, the paper speed is 3 cm/min and is
depicted in Fig. 3.13A. One minute is represented by 10-second boxes
with dark lines printed every 60 seconds. Other countries may set the
paper speed to either 1 cm/min or 2 cm/min as further discussed in
Chapter 11. The monitor strip in Fig. 3.13B represents a tracing that
has been set at 1 cm/min. Tracings that are set at a lower speed will
show a compressed pattern in which variability will appear increased.
Accelerations and decelerations will give the impression that each is
shorter in duration. Therefore clinicians should confirm that the correct
scale is being used for fetal monitoring and the equipment’s capabilities.

Vertical Axis: 3 cm/min

Fetal heart rate range 30-240 bpm

Fetal heart rate scale Increments of 10 bpm

Uterine activity range 0-100 mm Hg

Uterine activity scale Increments of 10 mm Hg

Horizontal Axis: 3 cm/min

Paper/recorder speed 3 cm/min = 6 10-second
subsections within 1 minute

Fetal heart rate range 30-210 bpm

Fetal heart rate scale Increments of 5 bpm

Uterine activity range 0-100 mm Hg pressure

Uterine activity scale Increments of 10 mm Hg
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Monitoring Multiple Gestations

Today’s fetal monitors have the capability of monitoring multiple
gestations simultaneously. This is accomplished with two or three
separate ultrasound transducers, or one fetus may be monitored via
an FSE during labor, with the remaining FHRs monitored with ultra-
sound transducers (Fig. 3.14). An alert may occur if both fetuses
have coincidental heart rates in which case the ultrasound transducer
is repositioned. Newer generation monitors offer the unique capa-
bility of distinguishing between two or three FHRs by displaying a
distinguishing thick or dark line for one FHR and a thin or light line
for another (Fig. 3.15). The computer display may show two or three
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Fig. 3.13 (A) Fetal monitor paper scale: 3-cm/min speed used in
North America.
Continued
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Fig. 3.13—cont’d (B) Fetal monitor paper scale: 1-cm/min speed
used in countries outside North America, with key points identified.

separate colors for twin or triplet gestations. Another option to dis-
tinguish the tracings in multiple gestations is a “twin offset” mecha-
nism, which separates the two FHRs on the tracing by a distance of
about 20 bpm. Thus one fetus appears to have an FHR that is higher
than the actual heart rate. The manufacturer’s instruction manual
should be consulted to have a clear understanding of this capability.
Prior to placement of the ultrasound transducers, twin and triplet
FHRs must be clearly differentiated. In some situations, a bedside
ultrasound may be performed by an appropriately trained physician or
midwife. RNs also may perform this task if appropriate didactic edu-
cation and competency training has been accomplished in accordance
with the AWHONN recommendations for performance of limited ultra-
sound [25]. Fetal positions in the uterus are documented and ultrasound
transducers identified accordingly. Fetuses are often labeled as “pre-
senting” or “A” versus “nonpresenting” or “B” based on the location
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Fig. 3.14 Monitoring of multiple gestations with separate ultrasound
transducers. (Courtesy Philips Medizin Systemes, Boblingen, Germany.)

and proximity to the internal cervical os during the antepartum period
[26,27]. In many cases the first fetus and second fetus that are birthed
are in the same order as in utero. On occasion, a nonpresenting fetus
may birth first, which results in a reversal of the preestablished intra-
uterine designation. This is a serious patient safety concern and may
result in unnecessary procedures or interventions in the neonatal
period [26,27]. One potential solution that will not affect the antepar-
tum identification in the outpatient clinic setting is to assign each neo-
nate as “1” or “2” at the time of birth. Shortly after birth, each would
be identified as A-1 and B-2 if A was born first and B was second. If
the nonpresenting fetus is birthed first, the labeling would reflect A-2
and B-1 [27].

Artifact Detection and Signal Ambiguity
(Coincidence) With Maternal Heart Rate

Several sources of artifact are recognized in EFM interpretation. These
include electrical or signal discrepancies and monitor limitations
[16]. Signal error is often related to incorrect transducer placement
or maternal—fetal signal interference, such as UA or fetal movement,
which results in a weak or undetectable FHR signal. Errors may be
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assessed as gaps or noncontiguous segments on an FHR tracing.
Device limitations may originate from an audible FHR bradycardia or
tachycardia resulting in a tracing that appears to be doubled or halved.
Finally, incorrect interpretation may be caused by fetal arrhythmias,
recording of the MHR, or the wrong paper speed [16,28,29].

Modern fetal monitors have built-in artifact rejection software,
referred to as logic function or circuitry, that is in operation with the
external mode of EFM. Older equipment may have a switch located
in the back of the monitor. This feature can reject data or “extraneous
noise” when there is a greater variation than expected between suc-
cessive fetal heartbeats. Essentially logic circuitry filters and elimi-
nates FHR data that are recognized as invalid. When logic is enabled
on an EFM, an accurate FHR is not recorded because repetitive R-R
interval rates are either too rapid or too slow based on the manu-
facturer’s recommended guidelines. If the logic function is off, the
computer software will automatically record all FHR signals with-
out filtering, including regular and extraneous rates. If a fetal cardiac
arrythmia is present, such as premature atrial contractions or atrial
flutter, these extra beats will be recorded by the EFM.

During internal monitoring, artifact is rare, and the logic system
will miss only those changes that exceed the predetermined limits
of the system. If there is an accessible switch to select a logic or no-
logic mode, it is preferable to have the monitor in the off position
when using the FSE to detect fetal arrhythmias.

Signal ambiguity or signal coincidence refers to a circumstance
in which the signal source transitions from the FHR to the MHR,
which is recorded on the tracing by the external ultrasound transducer.
Despite current technology in which the external transducer detects
high-frequency ultrasound waves from the fetal heart, the device may
mistakenly capture MHR. This is concerning as this rate may lie in the
range of a normal FHR BL rate. This can lead to a failure to diagnose
an intrauterine fetal demise or a deteriorating fetal status because of
the inability to recognize a shift from the FHR to the MHR on the trac-
ing printout or computer display [28-30] (Fig. 3.16). Clinical condi-
tions that are related to this include second-stage active pushing when
the MHR may become elevated and appears as FHR accelerations,
obesity, twin gestations, active fetal movement, and patient position-
ing during epidural placement [28-31]. Certain manufacturers offer a
tocotransducer device that allows for automatic maternal pulse detec-
tion and automatic coincidence detection using cross-channel verifica-
tion, allowing confirmation of both maternal and fetal signals without
use of maternal pulse oximetry or manual confirmation.
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Telemetry

Remote internal or external FHR monitoring via radio wave telemetry
(Fig. 3.17) allows women to ambulate without the loss of continuous

Fig. 3.17 (A) The Avalon cableless solution (Avalon CL) offers a com-
plete wireless obstetric area while providing all traditional fetal moni-
toring measurements without cables, including monitoring of twins,
triplets, maternal Spo, and noninvasive blood pressure. The measure-
ment device transmits information to a base station that is connected to
a fetal monitor. The waterproof transducers may be used for the patient
who is in bed, ambulating, or in the bath. (B) Cordless ultrasound and
tocotransducer are applied to the maternal abdomen for external moni-
toring. (Courtesy Philips Medizin Systemes, Béblingen, Germany.)
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monitoring data. A woman may feel less confined, more relaxed, and
more content if she is mobile. The transducer is worn by means of
an abdominal belt or other device. FHR and UA signals are continu-
ously transmitted to a receiver that is connected to the fetal monitor.
The monitor then processes and displays the data via a central display
feature facilitating clinician surveillance of the telemetry-monitored
patient. In addition, external watertight transducers are available for
fetal surveillance via telemetry during hydrotherapy or water birth.

Electronic Fetal Monitoring Troubleshooting

With advancing technology, electronic devices have become more
sophisticated leading to potential problems that may require actions
to resolve. The following chart suggests troubleshooting measures to
identify electromechanical problems.

Troubleshooting Actions

Problem Action

Power Verify location of power cord in back of
monitor and in wall location.

Ultrasound
1. Half or double rate ® Assess FHR with fetoscope, stethoscope,
2. Erratic trace or or bedside ultrasound.

display = Check maternal pulse to rule out maternal
signal, and document maternal pulse.
Reapply ultrasound gel and recheck.
Move transducer to search for a better signal.
Consider applying spiral electrode.
Reposition transducer or patient.
Tighten ultrasound belt if too loose.
Check gel on transducer to ensure an
adequate amount is present to conduct
sound waves. Reapply gel if needed.
Move transducer if fetus is out of range.

Spiral Electrode

1. Erratic trace or = Check attachment pad on leg for
display adherence to skin.

2. Inadequate signal m Ensure that connection of FSE is secure on
quality; indicator the attachment pad and that the connector is
light red securely inserted into the leg-plate cable.

= Ensure that logic switch is off to assess
for fetal arrhythmia.
= Apply a new FSE.

Continued
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Problem Action
Tocotransducer
1. UA not recording ®  Check that cable is plugged into the

2. Numbers in high
range

3. Toco not picking up
contractions

1IUPC

1. Not recording

2. Resting tone
(>25 mm Hg)

3. Not recording
contractions

4. Elevated resting tone
(hypertonus)

Potential Problems

1. Suspected fetal
arrhythmia

2. Errors caused by
incorrect paper
speed or paper with
different scale

3. Cross-channel
verification alert

monitor and power is on.

Readjust toco on abdomen; ensure that
cable is fully attached to monitor.

Zero monitor with toco/UA button between
contractions or replace with another toco.
Palpate abdomen for best location to sense
contractions, and reapply toco.

Test toco by lightly depressing pressure
transducer and observing readout on
monitor.

Tighten belt or use another device to hold
toco firmly against abdomen.

Consider placement of an IUPC.

Recheck cable insertion.

Palpate abdomen to identify uterine tonus
before making equipment adjustments.
Zero or recalibrate non—fluid-filled catheter.
Verify IUPC markings are correct at the
introitus (catheter may have slipped out).
Replace IUPC.

Higher resting tone may be noted with
multiple gestations, uterine malformation or
myoma, use of oxytocin, amnioinfusion, or
extraovular placement.

Rezero monitor.

Replace IUPC.

Auscultate FHR with fetoscope or
stethoscope.

Consider bedside ultrasound by qualified
physician.

Check annotation with paper speed: it
should be 3 cm/min in North America.
Check scale: it should be 30-240 bpm for
FHR if paper speed is 3 cm/min or 50—
210 bpm if paper speed is 1 or 2 cm/min.
Alert occurs with two coincidental

heart rates. Verify maternal heart rate.
Reposition ultrasound transducer(s) to
detect second fetal heart rate.

FHR, fetal heart rate; FSE, fetal spiral electrode; /UPC, intrauterine pressure cath-

eter; UA, uterine activity.
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Computerized Perinatal Data Systems

The ability to have multiple points of data entry, information
retrieval, and reproduction of a woman’s record and fetal monitor
tracing is a significant advancement in patient care. Coupled with
the appropriate interface to the hospital admission, discharge, and
other hospital-based information systems, computer technology in
the 21st century is revolutionizing how patients are cared for on a
daily basis. Many state-of-the-art perinatal centers have computer-
ized obstetric data systems that offer central surveillance, visual and
sounds alerts, documentation, and electronic archiving capabilities.
Archiving allows for a reproducible copy of the record, including
the fetal tracing, to be retrieved. Additionally, clinical decision sup-
port systems have been integrated into selected fetal surveillance
technology.

Clinical decision support systems are software technologies
that improve evaluation, assessment, and treatment of patients
[32]. The focus of decision support is to change a clinician’s
behavior at the point of care, improving patient safety [32-34].
These customized hospital-driven tools and checklists assist cli-
nicians in improving evaluation, assessment, and treatment of
patients resulting in an opportunity to improve patient safety [32].
For example, an electronic message or visual notification may be
sent when an oxytocin management protocol is deviated from dur-
ing clinical care. Benefits of this technology include the following
list [32,35]:

1. Patient safety: reduces incidence of medication errors and adverse
events

2. Clinical management: adherence to clinical guidelines, follow-up
and treatment reminders, and other tasks

3. Cost savings: reduction in test and order duplication, alternative
medication, and treatment options, automating tedious steps to
reduce clinician workload

4. Enhanced administrative function: diagnostic code selection,
automated documentation in some data fields, and auto-fill notes

5. Diagnostic support: provide diagnostic suggestions based on
inputted patient data, automated output of test results

6. Diagnostics support for imaging, laboratory, and pathology:
augments the removal, visualization, and interpretation of medi-
cal images and laboratory test results

7. Patient decision support: given to patients through personal
health records and other processes
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8. Improved documentation
9. Improvement in workflow in the clinical setting: accelerations of

existing clinical workflow throughout an electronic health record

(EHR) with better data retrieval and presentation

A central monitor display provides an opportunity to view
tracings from multiple rooms concurrently when located in a key
workflow location such as the unit’s main workstation (Fig. 3.18).
Single-screen displays of one or more patient rooms can be
accessed from remote locations such as the patient’s bedside, an
outpatient clinic, or a home office setting. Perinatal data systems
include the capability of contemporaneous data entry in the form
of checkboxes or more detailed notes related to FHR and UA pat-
terns, vaginal examination results, medication administration, and
vital signs. These contemporary systems also offer universal EHRs
that incorporate the entire perinatal and neonatal spectrum, from
prenatal care through delivery, and postpartum and neonatal care.
Reports and paper charts can be generated with a printer linked to
the display or shared electronically through the healthcare institu-
tion’s intranet.

Fig. 3.18 Central monitoring system for electronic fetal monitoring
allowing access to multiple records in a variety of formats. (Courtesy
Philips Medizin Systemes, Boblingen, Germany.)
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Fig. 3.19 Clinicians can review and print trending data, such as the
history of maternal blood pressure readings, and quickly determine
status changes. (Courtesy GE Healthcare, Milwaukee, WI.)

Central display systems provide multiple options for accessing
and viewing information (Fig. 3.19), including the following:

m A system status screen offers an immediate overview of multiple
patient beds on the system and indicates alerts by room number. The
system can identify the signal source of any woman on the system.

® A trend screen provides several minutes of the latest FHR and UA
data with immediate warning of critical conditions relating to any
patient currently being followed in the system.

m  Scrolling capabilities allow clinicians to review hours and days
of FHR data in a short amount of time helping to identify trends
and changes over time, which is an important component of FHR
tracing evaluation.

®  An alert screen delivers an immediate summary of the trend anal-
ysis on any woman. These data can be made available to the staff
before, during, and after an alert.

The surveillance component of a perinatal data system can be set
to alert for any FHR or maternal data that falls outside a predefined
alarm limit including those that are greater or less than a hospital-
specific setting. This includes fetal bradycardia or tachycardia, signal
loss, coincidental fetal and maternal heart rates, and other maternal
vital sign parameters such as blood pressure, pulse rate, and pulse
oximeter reading. Alert ranges can be set at different levels for each
patient depending on the clinical situation.

Computerized perinatal data systems also provide database
access for statistical reporting for quality, research, and adminis-
tration reasons, especially when integrated with other hospital or
outpatient information systems. This advance allows multiple data



70 Chapter 3

entry points across the continuum of care and serves to link care
and services provided at different sites within the healthcare/hospital
network [36,37]. For example, if a preterm patient presents to triage
on a weekend with labor symptoms, clinicians can readily access the
outpatient prenatal record and the operative report from the cerclage
procedure performed in the early second trimester.

Additionally, some systems allow clinicians to access informa-
tion and review FHR using cellular phone displays (Fig. 3.20).

A complete and detailed EHR contains electronic documentation on
forms, flow sheets, and checklists, along with annotated FHR tracings
and automated data acquisition of information such as maternal blood
pressure or the time and date. The archiving and retrieval of paper FHR
tracings have proven to be difficult for medical record departments
in hospitals that retain this format type because the process is labor
intensive. Storage of paper tracings can be space-consuming, espe-
cially if there are several days or weeks of data. Paper strips are also

LATET  F 10:40 AM

Patients Gonzales, Yvette Home General Hospital
General Hospital: South Wing: LDR-001

03:01 PM

Ashford, Allison C.

@ Collinsworth, Gena

Helms, Natalie

@ Wallace, Georgina

@ Dillard, Wilma

0 mins ago @ Gonzales, Yvette

SO LI LI ¢ Real-time

A B

Fig. 3.20 Providers can access near real-time FHR tracings (A) and
review patient data using their mobile phones (B). (Courtesy AirStrip
Technologies, Inc., San Antonio, TX.)
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subject to deterioration. A majority of hospitals have changed the
method of record storage from microfiche to computer-based elec-
tronic storage systems as the former has become mostly obsolete in
the healthcare setting. Computer-based electronic storage systems
provide secure archival and retrieval options and can help prevent
loss or destruction of fetal monitoring data.

Computer Decision Analysis of the Fetal
Heart Rate

One of the major shortcomings of EFM is the considerable inter- and
intraobserver variability with visual interpretation of FHR characteris-
tics and patterns [38,39]. This variation in FHR assessment can lead to an
FHR tracing being misinterpreted, which in turn can lead to inadequate
communication between clinicians and decisions. Ultimately, these dif-
ferences in FHR interpretation can result in unnecessary interventions
or delays in treatment, including an expedited birth [16,39]. Computer
decision analysis of an FHR pattern applies artificial intelligence (Al) to
a concerning tracing, supporting the clinician when a complex decision-
making intervention becomes necessary [40,41]. Multiple international
studies have investigated computer analysis and Al against the human
component of visual interpretation [41]. There has been supportive liter-
ature demonstrating that this technology can facilitate earlier recognition
of tracings that are associated with metabolic acidemia [42]. Conversely,
other experts have found that FHR decision analysis does not improve
neonatal outcome or lead to a significant reduction in the rate of meta-
bolic acidosis or obstetric interventions [40,43]. Further development of
this technology may improve with further refinement of the algorithm
used in decision support and more research including but not limited to
a focus on generalizability in perinatal centers.

Data-Input Devices

Electronic perinatal data systems may use a variety of data-input
devices, including barcode readers, keypads for data entry, touch
screens, remote event markers, and standard computer keyboards.
Information that is input into the system is recorded in the EHR.
Data that reflect FHR characteristics, UA, and maternal vital signs
are subsequently printed on the tracing (Figs. 3.21 and 3.22). The use
of these options promotes accurate documentation if used correctly
and can eliminate the need for handwritten annotations, which are
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Fig. 3.21 Current systems offer a variety of data entry options as well as
display choices. (Courtesy Clinical Computer Systems. Hoffman Estates, IL.)

sometimes illegible. Additionally, ongoing information important to
documentation such as the time, date, paper speed, and signal source is
routinely entered on the monitor strip automatically. Refer to Chapter 10
for further information on documentation.

SUMMARY

Obstetrics as a specialty has changed over the years, primarily because
of advancements in technology. Several methods of fetal surveillance
exist ranging from auscultation to electronic modes of monitoring,
including the use of other technologies such as decision support analysis.

The care given to the electronically monitored woman is the same
as that given to any woman during labor, with the additional consid-
eration of those factors that relate directly to the monitor.

Regardless of the mode of fetal surveillance, clinicians are obliged
to have a discussion about the monitoring methods that may be imple-
mented during the intrapartum period because patient education
regarding the selection of methodology is an important part of collab-
orative care. This includes an explanation of equipment operations, the
chance of a transition from auscultation and palpation to a higher level
of monitoring, and the need for frequent adjustments during labor.

Regardless of the technique chosen, clinicians must understand
the proper application, care, and use of related equipment and the
benefits, limitations, and specific patient selection criteria.
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Uterine Activity Evaluation
and Management

terine contractions during labor result in a decrease in per-

fusion at the level of the intervillous space, making labor a
period of oxidative stress for the fetus. This stress does not pose
a challenge for most healthy term fetuses for a variety of reasons,
including the increased affinity for oxygen in fetal hemoglobin, the
vascular shunts in fetal circulation, fetal cardiac output, and high
glycogen store in fetal myocardium [1]. However, even in healthy
term fetuses, excessive uterine activity can have an adverse effect
on fetal oxygenation and acid—base status [2—8], making the under-
standing and assessment of uterine activity during labor a crucial
patient safety issue. Prompt response and intervention for excessive
uterine activity and physiologic support of normal uterine activ-
ity in the different phases and stages of labor must be common
skills for nurses, physicians, and midwives. The primary focus of
this chapter is the evaluation of uterine activity in labor, includ-
ing defining clinical parameters for both normal and excessive
uterine activity. Additionally, a brief review of current parameters
for the diagnosis and management of abnormal labor patterns are
reviewed, along with specific issues regarding the use of oxytocin
for both induction and augmentation of labor.

ASSESSMENT METHODS: PALPATION AND
ELECTRONIC MONITORING

Uterine activity may be assessed by manual palpation or by elec-
tronic monitoring with an external tocotransducer, an abdominal
“patch” using electromyogram (EMQ), or an internal intrauterine
pressure catheter (IUPC). A complete assessment of uterine activ-
ity includes the identification of contraction frequency, duration,
strength or intensity, and resting tone. The relative sensitivities
of various methods of contraction monitoring are illustrated in
Fig. 4.1.
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Fig. 4.1 Comparison of relative sensitivities of assessing uterine con-
tractions by internal monitoring (intrauterine pressure catheter), man-
ual palpation, and patient perception. The tocodynamometer and
abdominal electromyogram methods are not included as they are vari-
able in sensitivity. (Reprinted from Fetal Heart Rate Monitoring by R.K
Freeman, T.) Garite, M.P. Nageotte, and L.A. Miller, 2012, Lippincott
Williams & Wilkins, Philadelphia, p.79.)

Manual Palpation

Manual palpation is the traditional method of monitoring contrac-
tions. This method can measure contraction frequency, duration,
and relative strength. Palpation is a learned skill that is best per-
formed with the fingertips to feel the uterus rise upward as the con-
traction develops. Mild, moderate, and strong are the terms used
to describe the strength of uterine contractions as determined by
the examiner’s hands during palpation and based on the degree of
indentation of the abdomen [9,10]. For learning and for the purpose
of comparison, the degree of indentation corresponds to the palpa-
tion sensation when feeling the parts of the adult face, as described
in the following chart:
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Contraction

Strength Palpation Sensation

Mild Tense fundus but easy to indent (feels like
touching finger to tip of nose)

Moderate Firm fundus, difficult to indent with fingertips
(feels like touching finger to chin)

Strong Rigid, board-like fundus, almost impossible to

indent (feels like touching finger to forehead)

Palpation of uterine activity is an important clinical skill that is
used concomitantly with all modes of contraction monitoring. When
using the tocodynamometer (Toco) or abdominal EMG, palpation
is the only method to gauge the strength of contractions. When an
IUPC is in use, manual palpation is used to confirm the findings both
at the time of initial insertion and on an ongoing basis throughout
labor.

Electronic Monitoring of Uterine Activity

External uterine activity monitoring is typically achieved using a
tocotransducer (to provide information about uterine contraction
frequency and duration) combined with manual palpation (to evalu-
ate relative strength). Abdominal fetal electrocardiogram (FECG)
and EMG are other methods of external electronic fetal monitoring.
Both methods provide continuous data and a permanent record of
uterine activity. The electronic display of a contraction, when using
a tocodynamometer, depends on the depression of a pressure-sensing
device placed on the maternal abdomen. Issues such as placement
of the transducer, belt tightness, and maternal adipose tissue result
in variations of depression and will affect the graphic representa-
tion on the fetal heart rate (FHR) tracing (Fig. 4.2). These factors
may result in contractions appearing stronger (or less strong) than
they truly are, making it imperative to assess strength of the uterine
contraction by manual palpation when uterine activity is externally
monitored.

Internal uterine activity monitoring uses an IUPC that measures
actual intrauterine pressure in millimeters of mercury during both
contractile and acontractile (resting) periods. As demonstrated in
Fig. 4.1, the IUPC allows clinicians to evaluate the frequency, dura-
tion, and strength of contractions in millimeters of mercury with
improved accuracy. The following chart contrasts the data obtained
with these external versus internal modes of monitoring:
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Fig. 4.2 Adjustment of tocotransducer (arrow) to correct displacement
after maternal position change. Note the tocotransducer picking up
maternal breathing movements on the lower uterine activity panel as evi-
denced by jagged lines (highlighted). BPM, beats per minute; FHR, fetal
heart rate, UA, uterine activity. (Courtesy Lisa A. Miller, CNM, |D.)

External Mode: Tocotransducer or

Abdominal EMG Internal Mode: IUPC

Frequency of Contractions

Measured from the onset of one Measured from the onset of one
contraction to the onset of the contraction to the onset of the
next contraction. next contraction.

Duration of Contractions

Measured from contraction onset to Measured from contraction
offset. onset to offset.

Strength/Intensity of Contractions

The abdomen must be palpated Intrauterine pressure is measured

to assess the strength of the directly and recorded on
contraction based on the the tracing in millimeters of
degree of indentation of the mercury. Strength is usually
fundus. The more difficult documented as the numerical
it is to indent the fundus value at the peak of the

during palpation, the stronger contraction, e.g., 50 mm Hg,
the contraction. Strength of 70 mm Hg, etc. Intensity of
contractions using a toco contractions is technically a

is usually documented as term used to identify the peak of
mild, moderate, or strong to the contraction less the resting
palpation. The tracing produced  tone, expressed in millimeters
using external methods will of mercury. In clinical practice,
reflect contraction strength the terms strength and intensity
relative to other contractions, are often used interchangeably;
i.e., stronger contractions it is important that whichever
will generally produce higher term is used, it is defined and

waveforms. used consistently.
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External Mode: Tocotransducer or

Abdominal EMG Internal Mode: IUPC

Resting Tone

The abdomen must be palpated Resting tone is measured directly
to assess resting tone based on and reflected on the tracing
whether the fundus palpates based on the intrauterine
as soft or firm (rigid). During pressure in millimeters of
periods of palpated resting tone, mercury. Resting tone is
the external monitor is generally recorded as the numerical value
set/reset to a level of 10 on the when the uterus is completely
uterine activity portion of the relaxed (acontractile), e.g.,
fetal monitoring tracing. 10 mm Hg, 15 mm Hg, etc.

EMG, electromyogram; /UPC, intrauterine pressure catheter.

Electronic Display of Uterine Activity

Uterine activity is monitored and recorded on the lower section of
the monitor strip (Fig. 4.3). The range of the scale is from 0 to 100
mm Hg. There are five major vertical divisions of 20 mm Hg each,
divided again into minor vertical representations of 10 mm Hg each.
Some tracing paper manufactured in North America has four major
vertical sections of 25 mm Hg each, with the smaller divisions rep-
resenting 5 mm Hg of pressure in the uterine activity section. For
further information on instrumentation, please refer to Chapter 3.

PARAMETERS FOR NORMAL LABOR

The assessment of normal labor progress has changed, and updated
labor curves and consensus guidelines are having an effect on labor
support and management [9-13]. Research indicates that current
labor patterns are different from those reported by Friedman in the
1950s [14,15]. This has led to the development of partograms (labor
progress graphs) that reveal significantly slower curves, and a later
onset of active labor, with a median closer to 6 cm of dilation [12,13]
(Fig. 4.4). Regardless of these updated parameters, basic definitions
for the stages of labor are unchanged. The first stage of labor begins
with the onset of contractions and ends with complete dilation of the
cervix. It is divided into two phases: latent and active. During the
latent phase, irregular and infrequent uterine contractions are associ-
ated with gradual cervical softening, dilation, and effacement (thin-
ning). During the active phase of labor, the rate of cervical dilation
increases and the fetal presenting part descends. The second stage
of labor begins with complete dilation of the cervix and ends with
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Fig. 4.4 Average labor curves by parity in singleton term pregnancies
with spontaneous onset of labor, vaginal delivery, and normal neo-
natal outcomes. PO, nulliparous women; P1, women of parity 1; P2+,
women of parity 2 or higher. (From J. Zhang, H.J. Landy, D. Ware Branch,
et al., Contemporary patterns of spontaneous labor with normal neo-
natal outcomes, Obstet. Gynecol. 116 (2010) 1281-1287, used with
permission.)

delivery of the fetus. Although some clinicians may continue to dif-
ferentiate the second stage into two phases, a passive phase of rest
and an active phase of maternal pushing efforts, current research
(including a meta-analysis) regarding delayed pushing indicates it
has significant disadvantages, including increases in maternal blood
loss, chorioamnionitis, and decreased umbilical cord pH [16-18].
Although the practice of delayed pushing may be acceptable in cer-
tain select situations, its routine use is no longer recommended. A
detailed review of labor management is outside the scope of this text-
book, but a discussion of the evaluation of uterine activity and labor
abnormalities and oxytocin use is warranted.

DEFINING ADEQUATE UTERINE ACTIVITY

Uterine contractions during labor result in the progressive dila-
tion and effacement of the cervix and descent of the fetal present-
ing part, culminating in spontaneous vaginal delivery. Much of the
data defining the “normal” range of uterine activity was derived
from the research of Caldeyro-Barcia and colleagues in the late
1950s and 1960s [19-23]. Using intraamniotic pressure catheters,
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Caldeyro-Barcia and Poseiro [20] evaluated uterine activity and
coined the term Montevideo units (MVUs) as a method of measuring
uterine activity. The original formula was calculated by multiplying the
average intensity in millimeters of mercury (peak of contraction less
resting tone) times the frequency of uterine contractions in a 10-minute
period. Thus, if there are four contractions in 10 minutes with an aver-
age intensity of 40 mm Hg, the MV Us for that period would be 4 x 40,
or 160 MVUs. Over time, it became obvious that the simple addition
of the individual contraction intensities over 10 minutes resulted in
essentially similar numbers to the multiplication method; since then
the addition method has become common practice [9].

Early research showed that spontaneous labor began clinically when
MVUs rose to between 80 and 120, with contraction strength needing
to reach at least 40 mm Hg [20,21]. This would equate to two to three
contractions with intensities of 40 mm Hg or more every 10 minutes for
the initiation of labor. In normal labor, contractions increase in intensity
and frequency as labor progresses through the first stage and into the
second stage. Caldeyro-Barcia and colleagues [20-22] found that uter-
ine activity in the first stage of normal labors generally ranged between
100 and 250 MVUs, with contractions increasing in intensity from
25 to 50 mm Hg and in frequency from three to five over 10 minutes. In
the second stage, MVUs can rise to 300 to 400 [3,19-23] as contraction
intensities may increase to 80 mm Hg or more and five or six contrac-
tions may be seen every 10 minutes.

Baseline uterine tone, also known as resting fone, averages 10 mm
Hg during labor, rising from 8 to 12 mm Hg from the beginning of the
first stage to the onset of the second stage. Resting tone is assessed dur-
ing the time between contractions, known as relaxation time. Relaxation
times are generally longer (60 seconds or more) in first-stage labor and
tend to shorten (45-60 seconds) during the second stage. Contraction
duration of 60 to 80 seconds remains relatively stable from active phase
labor through the second stage [24]. These findings provide a basis for
logical definitions of “adequate” uterine activity when using internal
pressure catheters for assessment of uterine contractions.

Caldeyro-Barcia and Poseiro also provided crucial information
related to contraction assessment when using palpation, or palpation
and a tocotransducer. They found that until the intensity (peak less
baseline tonus) reaches 40 mm Hg, the wall of the uterus is easily
indented by palpation [21]. This correlates well with the premise that
uterine contractions that palpate as moderate or stronger are likely to
have peaks of 50 mm Hg or greater if they are measured by internal
means, whereas palpated contractions identified as mild are likely
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BOX 4.1 Components of Uterine Activity During Labor

Frequency

Duration

Strength

Resting tone

Relaxation
time

Montevideo
units
(MVUs)

Contraction frequency overall generally ranges from
2 to 5 per 10 minutes during labor, with lower
frequencies seen in the first stage of labor and
higher frequencies seen during the second stage
of labor.

Contraction duration remains fairly stable throughout
the first and second stages, ranging from 45 to
80 seconds, not generally exceeding 90 seconds.

Uterine contractions generally range from peaking
at 40-70 mm Hg in the first stage of labor and
may rise to over 80 mm Hg in the second stage.
Contractions palpated as “mild” would likely
peak at <50 mm Hg if measured internally, and
contractions palpated as “moderate” or greater
would likely peak at 50 mm Hg or greater if
measured internally.

Average resting tone during labor is 10 mm Hg; if
using palpation, should palpate as “soft,” i.e.,
easily indented, no palpable resistance.

Relaxation time is usually 60 seconds or more in the first
stage and 45 seconds or more in the second stage.

Usually range from 100 to 250 MVUs in the first
stage, may rise to 300-400 in the second stage.
Contraction intensities of 240 mm Hg and MVUs
of 80-120 are generally sufficient to initiate
spontaneous labor.

to have peaks of less than 50 mm Hg if measured internally. These

findings offer guidance for clinicians in identifying reasonable defi-

nitions of “adequate” uterine activity when using palpation (with
or without a tocotransducer) for assessment of uterine contractions.

Box 4.1 provides a summary of normal parameters of uterine activity

in labor, and Fig. 4.5 illustrates a variety of common uterine contrac-

tion patterns in normal labor.
In summary, applying what is known about parameters of uterine
activity during normal labor:

1. Allows clinicians to promote and support adequate and effective
uterine activity during the different phases and stages of labor,
influencing management decisions when abnormal labor progress
or dystocia is diagnosed;

2. Forms a basis for the safe and proper use of labor stimulants; and

3. Provides a foundation on which to define excessive uterine activ-
ity by professional consensus.



86 Chapter 4

‘awiy uopyexeas ayenbape ||i3s st 21ay3 INq “yusnbauy
2JOW 3Je SUOMDRIIUOD Jey) djou ‘Joge| aseyd aande ul useyed uondesnuod jewloN (g) Joge| aseyd
juaie| ul useyred uondeUOd jewioN (V) doge| Buunp (vn) AuAnde ausin jewsou Jjo ssjdwex] s ‘b1

ovn ed) m BH ww 95 e m m BH ww @< ) ed) m mm_._ ww o vn
Il Il Il 1| Il Il
s b > = ! g N S
a e} / W A6 1/ w / W
08 \T 08 = N\ 05/ \ / 06—
= ] ya W —8— \ i ] a W
N\ | | | | \ r Al J |
S o,?,.\ . m 0} m N\ \m,n o,/ va S
cl i o i cl i
00t : 00} — : 00} : 00}
o a0 o0 =i = B O v
¢ I L LY \ ,N > W L AY
Fy _\ uWN \ f 4,\ \ m uWN X
[ [ | \ 7 \ | | \
ON 0 | AR | 05—\
Ngs | / 8 ” i N
| | | I |
oL S 0t m &L
el W 2k W W
o — 00} I ! 00}




(@l "WND “Bj|IN "V esI AsapnoD)
'spoye buiysnd jeussrew a10u ‘oge| abeis-puodas ul ussned uondenuod jewloN (D) p,uodI—s by

| & | EIG] d/a
dW3L I dW3L dW3L
3SNd o.N 351Nd 351nd
0 AN o o
P T W /] \Hd
WOH / o.m wou |/ UL b /
¥8000L - ViS f \ vis ] [ vis I
EEH Y 08 ] +59f 43 \Ua [
(%41)38e, LA bl i A 00 N | Tia
fE Jha ] -r:....‘ [] Oﬂ.uﬂ- 1] -—.nr.ds- ] ad N sqmun mam

Uterine Activity Evaluation and Management 87




88 Chapter 4

DEFINING EXCESSIVE UTERINE ACTIVITY

Summary terms related to uterine activity were first published
in 2008, when the National Institute of Child Health and Human
Development (NICHD) issued a workshop report on fetal monitoring
[25]. Prior to this report, the lack of sound, standardized definitions
for uterine activity hindered both effective communication and the
development of consensus-based multidisciplinary guidelines. The
summary terms suggested by the NICHD are for the classification
of uterine activity using frequency of contractions averaged over a
30-minute period [25,26]:

Normal: less than or equal to five contractions in 10 minutes

Tachysystole: greater than five contractions in 10 minutes

Tachysystole is to be further qualified by the presence or absence
of FHR decelerations and applies to spontaneous and stimulated
labors. The workshop report stressed the importance of other param-
eters such as duration, intensity, and relaxation time in the evalua-
tion of uterine activity, specifically stating that “frequency alone is a
partial assessment of uterine activity” [25]. The report also suggested
abandonment of previously used summary terms hyperstimulation
and hypercontractility. Although the NICHD workshop report is
clearly important progress toward the standardization of terminol-
ogy, standardized terminology alone does not provide clinicians
with sufficient guidance for the safe and effective management of
uterine activity in labor. Tachysystole is a fairly common event and
has been linked to an increase in composite neonatal morbidity [5].
Clinicians must be familiar with the normal physiology of uterine
activity (described previously) and the relationship between exces-
sive uterine activity and fetal acid—base status.

The link between excessive uterine activity and untoward effects
on FHR is well established [4,27]. Peebles and colleagues [6] noted
decreased fetal cerebral oxygen saturation with shorter contraction
intervals. Bakker and colleagues [3] found that fetal acidemia (umbil-
ical artery pH <7.11) of all types (respiratory, metabolic, and mixed)
was more prevalent in patients with excessive uterine activity during
labor, both first and second stages. Specifically, a first-stage average
MVU value of 261 and relaxation time of 51 seconds was noted in
the acidemic group, versus average MVU value of 236 and relaxation
time of 63 seconds in the nonacidemic group. In the second stage, an
average MVU value of 442 and relaxation time of 36 seconds were
noted in the acidemic group versus average MVU value of 402 and
relaxation time of 47 seconds in the nonacidemic group [3]. Logic
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would therefore dictate that avoiding MVUs exceeding the previ-
ously discussed norm of 250 in the first stage of labor and 300 to
400 in the second stage could decrease the incidence of significant
fetal acidemia at birth. Furthermore, in cases of external monitoring
or any situation in which MVU evaluation is not feasible, ensuring
adequate relaxation times of 60 seconds or more in the first stage
and 45 seconds or more in the second stage also could prevent fetal
acidemia at birth. Clinicians using frequency of contractions alone
(“counting bumps”), without ensuring adequate relaxation time, may
be unwittingly creating a negative effect on fetal acid—base status
(Fig. 4.6).

In addition to evaluating frequency, strength, and relaxation time,
it is important to understand that for the fetus to be able to main-
tain oxygenation, resting tone also must be normal. Hypertonus, or
elevated resting tone, is most commonly defined as uterine resting
tone greater than 20 to 25 mm Hg, or a uterus that does not return
to soft if using palpation. The information in Box 4.2 can be used
by clinicians and multidisciplinary committees to reach consensus
on definitions for terms related to uterine activity and evidence-
based guidelines for management of all types of excessive uterine
activity. This information should serve as the starting point for the
development of clear, physiologically sound, and clinically useful
approaches to excessive uterine activity that include all parameters
of uterine activity versus focusing on frequency (tachysystole) alone.

Some clinicians erroneously contend that the management of
excessive uterine activity should be based on the presence or absence
of FHR changes. This approach is directly in conflict with what lim-
ited evidence exists regarding uterine activity and fetal oxygenation.
Bakker and colleagues [3] found no difference in the occurrence of
late decelerations between the acidemic and nonacidemic fetuses,
suggesting that the key to avoiding acidemia is not dependent on
the appearance of FHR changes but on the presence of excessive
uterine activity itself. Simpson and James [7] found that in the first
stage of labor, even five uterine contractions in 10 minutes (“normal”
uterine activity by definition) over a 30-minute period resulted in a
20% decrease in fetal oxygen saturation as measured by fetal pulse
oximetry. Both of these studies make it clear that premising the man-
agement of uterine activity on frequency alone or basing the manage-
ment of excessive uterine activity on FHR changes may lead to less
than optimal fetal oxygenation and potentially the deterioration of
fetal acid—base. Waiting to respond to excessive uterine activity until
there are significant changes in FHR is not appropriate. Rather, to
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BOX 4.2 Evaluation of Uterine Activity During Labor

Preliminary Assumptions

= Normal uterine activity in first-stage labor generally does not exceed
250 MVUs.

= Normal uterine activity in second-stage labor should not exceed
400 MVUs.

= Normal contraction duration generally ranges from 45 to 90 seconds.

= Normal contraction intensity (peak less resting tone) generally
ranges from 25 to 80 mm Hg, with higher intensities common as
labor progresses.

m Normal uterine resting tone ranges from 8 to 12 mm Hg and is
generally not greater than 20 to 25 mm Hg.

m Fetal acid-base status can be affected by excessive uterine activity
before as evidenced by fetal heart rate changes.

Excessive Uterine Activity

All definitions for excessive uterine activity apply to both spontane-

ous and/or stimulated labor; management of excessive uterine activity

should be based on clinical context.

m Tachysystole

Contraction frequency of greater than 5 in 10 minutes, averaged over

30 minutes; applies to spontaneous or stimulated labor.

= Hypertonus

Uterine resting tone exceeding 20 to 25 mm Hg with an intrauterine

pressure catheter or a uterus that does not return to soft by palpation

during relaxation time.

= Inadequate relaxation time

Less than 60 seconds’ uterine relaxation between contractions during

the first stage of labor; less than 45 to 50 seconds’ uterine relaxation

between contractions in second stage.

m Excessive contraction duration (also known as tetanic contractions or
uterine tetany)

A series of single contractions lasting 2 minutes or more.

Data from references 3, 4, 6, 8, 9, 19-24, and 28-32.

prevent fetal acidemia at birth, clinicians should focus on identify-
ing and promoting normal (adequate) uterine activity and correcting
underlying causes of any type of excessive uterine activity.

Common Underlying Causes of Excessive
Uterine Activity

m  Use of pharmacologic cervical ripening agents

s Use of synthetic oxytocin for augmentation or induction
(more common with high-dose, high-frequency administration
protocols)
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= Abruptio placentae
= Uterine overdistention, whether iatrogenic from amnioinfusion or
as a result of multiple gestation, hydramnios, or macrosomia

Corrective Measures to Decrease Excessive
Uterine Activity

1. Change maternal position to lateral side-lying.

2. Administer a bolus of intravenous (IV) fluids and/or increase the
maintenance IV rate.

3. Remove cervical ripening agents or, in the case of oxytocin usage,
decrease or discontinue the infusion.

4. If excessive uterine activity related to the use of cervical ripen-
ing agents or oxytocin administration is noted in association with
FHR changes indicative of interrupted oxygenation, clinicians
may consider the use of a tocolytic [33].

These interventions are specific to excessive uterine activity.
Note that the management of FHR patterns is addressed in detail
in Chapter 6. It is imperative that clinicians respond appropriately
to FHR changes regardless of the nature of uterine activity because
uterine activity is only one of several causes of interrupted fetal oxy-
genation. However, FHR changes are not a prerequisite for clinical
response to excessive uterine activity. It cannot be overemphasized:
Excessive uterine activity should trigger clinician response whether
or not FHR changes are observed.

CURRENT TRENDS IN LABOR SUPPORT
AND MANAGEMENT

Recognizing the differences in contemporary patterns of labor pro-
gression, professional organizations are working collaboratively to
enhance the clinician’s knowledge regarding normal labor and to pro-
vide new parameters for the approach to labor management, including
emphasizing the importance of individualization and shared decision-
making [11]. Labor abnormalities have been described historically
using a variety of expressions, such as slow progress in labor, fail-
ure to progress, dystocia, dysfunctional labor, or cephalopelvic dis-
proportion [34]. Up to 68% of unanticipated cesarean deliveries in
patients with vertex presentation are reported to be caused by dysto-
cia, and given the number of repeat cesarean deliveries that follow a
primary cesarean for dystocia, the diagnosis of dystocia may account
for as many as 60% of all cesarean births [34].
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Because fetal monitoring includes the evaluation of the adequacy
of uterine activity and the progress of labor, a brief overview of dif-
ferent labor abnormalities and possible management strategies is
warranted. A clear understanding of labor progress can be helpful
when interdisciplinary discussions arise regarding management of
uterine activity, especially discussions regarding the utilization of
oxytocin, the most common treatment for dystocia.

Latent Phase Abnormalities

Labor onset is defined as effacement and dilation of the cervix caused
by regular uterine contractions. The latent phase of labor begins with
the onset of labor (regular contractions, cervical change) and ends at
the beginning of the active phase of first stage. Latent phase is consid-
ered prolonged if it is >20 hours in nulliparous patients and >14 hours
in multiparous patients [34]. Contrary to what may be seen in clinical
practice, both the American College of Obstetricians and Gynecologists
(ACOQG) and the Society for Maternal-Fetal Medicine (SMFM) do not
recommend cesarean delivery for either slow progress in latent phase
or a prolonged latent phase, noting that most women will enter active
phase with expectant management [11]. Research now also provides
specific management strategies for management of the latent phase in
nulliparous women being induced at term [35]. Considerations for the
management of prolonged latent phase labor are listed next.

Management Strategies for Latent Phase Disorders*

1. For women in spontaneous labor, avoid admission to the
labor unit in early latent phase labor. Unless otherwise indi-
cated, admit only if the cervix is >3 cm dilated or 100%
effaced. Educate patients antenatally about the benefits of this
approach, and provide instructions for comfort measures while
laboring at home.

2. Assess the woman’s level of fatigue, and provide appropriate
labor support.

3. Encourage adequate fluid intake and small, frequent meals while
the mother is at home.

4. Set specific intervals to reevaluate status, even if symptoms
remain unchanged.

5. Encourage ambulation to provide comfort and increase tolerance
to latent phase labor.

*Adapted from references 11, and 34-38.
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6. Provide adequate time for latent phase labor to progress during
induction of labor. This may mean up to 18 to 20 hours of ade-
quate uterine activity in nulliparous women.

7. Diagnose prolonged latent phase only after the presence of ade-
quate uterine activity for >20 hours in nulliparas and >14 hours in
multiparas. Use of oxytocin and/or amniotomy should be consid-
ered as opposed to cesarean delivery.

8. For nulliparous women at term undergoing induction, do not con-
sider cesarean delivery for failed induction until at least 15 hours
after both rupture of membranes and oxytocin initiation.

9. Evaluate patients for appropriate methods of cervical ripening for
induction of labor in the presence of an unripe cervix.

Active Phase Abnormalities

There are three main categories of active phase labor abnormalities:
1. Protraction disorders: a slow rate of cervical dilation, defined as
less than the fifth percentile statistically
2. Arrest disorders: where labor progresses normally initially in
active phase, then stops, for a period of at least 2 hours
3. Combined disorders: where slow progress precedes arrest [34]
ACOG recommends that oxytocin augmentation be considered
for these disorders [11]. Although traditionally the diagnosis of
an arrest disorder required 2 hours without cervical change in the
presence of a uterine contraction pattern that exceeded 200 MVUs,
studies [39—41] now suggest that 4 hours of uterine activity exceed-
ing 200 MVUs (or 6 hours if the average uterine activity pattern
was <200 MVUs) will result in up to a 92% vaginal delivery rate
with no increased risk to the newborn. The suggested management
approaches for active phase disorders are listed next.

Management Strategies for Active Phase Disorders*

1. Ensure that cervix is dilated at least to 6 cm before diagnosing the
active phase of labor.

2. Use standardized oxytocin titration to achieve adequate uterine
activity while avoiding tachysystole.

3. Consider an increase in the amount of hourly I'V fluids to improve
uterine muscle performance.

4. Consider use of an [UPC to document adequacy of contractions;
a minimum of 200 MVUs is required.

*Adapted from references 11, 12, 27, 28, 32, 38-45, and 53.
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5. Consider amniotomy if membranes are intact.

6. Limit active management of labor to nulliparous patients with
singleton, cephalic presentations.

7. Require a diagnosis of active phase arrest as follows: no cervical
change after at least 4 hours of adequate uterine activity or 6 hours
of oxytocin administration with inadequate uterine activity.

8. Provide continuous labor support.

Second-Stage Abnormalities

Failure of the fetus to rotate and descend is called arrest of descent,
and it is the labor abnormality associated with the second stage.
ACOG and SMFM now state that before confirming an arrest diag-
nosis in the second stage, there should be at least 2 hours of active
pushing in multiparous women and at least 3 hours of active pushing
in the nullipara [11]. They also note that longer durations may be
appropriate based on individual clinical factors. Contrary to some
clinicians’ practices, these are not mandates for cesarean deliv-
ery but rather parameters for guiding assessment and intervention.
Prolonged second stage should trigger clinical reevaluation of the
three Ps: powers, passenger, and passage. Evaluation of adequacy of
uterine contractions, fetal position, and pelvic diameters may provide
direction regarding interventions to facilitate rotation and descent.
Although it may be considered appropriate in certain cases, delaying
active pushing once complete dilation has been reached should no
longer be a routine practice because of the increased risks [16,17].

UTERINE ACTIVITY AND OXYTOCIN USE

Disagreements related to oxytocin management are a frequent source
of conflict between nurses, midwives, and physicians, and allegations
regarding oxytocin management are common in obstetric litigation.
Designated as a high-alert medication [46], oxytocin remains the most
common treatment choice for labor abnormalities, making its use a
daily issue in most labor and delivery suites in the United States. There
are many sound, evidence-based protocols for the administration of
oxytocin, ranging from high-dose, high-frequency to low-dose, low-
frequency and hybrids that combine aspects of both regimens. Closely
and accurately monitoring uterine activity is important during the care
of all laboring women, but especially in labors being either induced or
augmented with oxytocin, because oxytocin usage can result in exces-
sive uterine activity even at low dosages.
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Studies [43-45,47] regarding the pharmacologic characteristics
of oxytocin use in relation to dysfunctional labor and dystocia show
that 40 minutes are needed to achieve the maximum dose level.
Regarding oxytocin pharmacokinetics, reviews by Arias [48] and
Sanchez-Ramos [42] concluded that lower doses and less frequent
increases of oxytocin are preferable as they allow time for a more
physiologic approach and decrease the risk of tachysystole that is
associated with higher doses and shorter dosing intervals. Simpson
and Creehan [31,32] suggested starting doses of 0.5 to 2 mU/min with
increases every 30 to 60 minutes of 1 to 2 mU/min. This approach is
in keeping with one of the primary tenets of pharmacology, which is
use the lowest amount of drug needed to achieve the desired effect.
A systematic review of high-dose versus low-dose oxytocin for labor
induction at term [49] found no benefit and noted an increase in
tachysystole in the high-dose group. A randomized controlled trial
comparing high-dose to low-dose for labor augmentation in nullipa-
rous women at term [50] showed no difference in cesarean section
between the two groups, and although the high-dose group did have
slightly shorter labors, they had more tachysystole and more instru-
mental vaginal births for fetal indications. Couple this information
with the liability aspects related to uterine activity and oxytocin, a
low-dose approach is the preferred approach from both an evidence-
based viewpoint and for risk management considerations. Clinicians
should carefully consider all the data, and the differences in use of
oxytocin for induction versus augmentation, when deciding on oxy-
tocin management schemes. Suggestions for the safe and effective
use of oxytocin in labor are summarized in Box 4.3.

Oxytocin dosage should be titrated to uterine activity, with a goal
of attaining adequate or normal uterine activity. Coupling or tripling
of uterine contractions (Fig. 4.7) is a phenomenon that may be seen
during oxytocin administration. Suggested treatment for this pattern
is temporary discontinuation of oxytocin, lateral positioning of the
mother, initiation of a fluid bolus, and a restart of oxytocin after
30 minutes or more [32]. Oxytocin rest has also been shown to be a
safe and effective way to decrease the cesarean rate in term nullipa-
ras experiencing a prolonged latent phase; rest periods of 8 hours or
longer reduced cesarean delivery without any increase in maternal or
neonatal morbidity [52].

When administering oxytocin and using internal monitoring
during labor induction or augmentation, the titration of oxytocin to
establish uterine activity patterns reaching MVUs of 200 to 240 is
an appropriate goal. When external monitoring and palpation are



Uterine Activity Evaluation and Management 97

BOX 4.3 Suggestions for Safe and Effective Oxytocin Usage

1. Use isotonic intravenous fluids during oxytocin administration to
avoid dilutional hyponatremia.

2. Administer oxytocin for both induction and augmentation of
labor using a low-dose, low-frequency protocol to maximize
pharmacologic dose response and avoid tachysystole.

3. Use standardized definitions for adequate and excessive uterine
activity; ensure that all team members are in accord.

4. Resolve any episodes of excessive uterine activity, regardless of
whether fetal heart rate changes are present. Note that the goal of
oxytocin use is adequate but not excessive uterine activity.

5. To promote optimal fetal oxygenation in first-stage labor, train
team members to decrease oxytocin before tachysystole occurs by
responding to contraction frequencies less than every 2 minutes
before 30 minutes have elapsed.

6. Attempt to maintain average relaxation times of 60 seconds between
contractions in first stage and 45 seconds during second stage.

7. Once an adequate pattern of uterine activity has been established,
wean the oxytocin to the lowest amount necessary to maintain
adequate contractions.

8. If coupling and tripling of uterine contractions occur, discontinue
oxytocin for 30-60 minutes, administer an intravenous fluid bolus
(isotonic), and encourage the woman to a side-lying position.

Data from references 3, 6-8, 24, 27, 28, 31, 32, 34, 36, 37, 40-45, and 49-51.

used, palpable contractions of normal duration every 2.5 to 3 min-
utes should correlate well with adequate MVUs (Fig. 4.8). If labor
progress is not occurring with what seems to be adequate uterine
activity by palpation, the proper clinical response is not to increase
the oxytocin, but rather to consider internal monitoring to assess
uterine activity more accurately. Once accurate evaluation of uterine
activity is achieved via [UPC, then oxytocin can be safely increased.

Even using a low-dose, low-frequency approach with oxytocin,
contraction frequency of less than every 2 minutes during the course
of labor is a common occurrence; if it persists over a 30-minute
period, it is considered tachysystole. Management must be based on
clinical context and institutional protocol but should be geared toward
returning uterine activity to adequate and appropriate for the stage of
labor. In other words, clinicians should not try to achieve second-
stage labor patterns in the latent or active phase of first-stage labor
because this may interfere with fetal gas exchange. Continuous and
ongoing evaluation of fetal status using a systematic approach can
prevent fetal acidemia, improve outcomes, and reduce medicolegal
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Fig. 4.8 Example of adequate uterine activity (UA) during oxytocin
augmentation using external monitoring. Note adequate relaxation
time between contractions. According to nursing documentation, the
contractions palpated were of moderate strength. FHR, fetal heart rate.
(Courtesy Lisa A. Miller, CNM, |D.)

risk. Safety related to oxytocin use is achieved by avoidance of the
injudicious use of oxytocin, adherence to evidence-based multidisci-
plinary guidelines regarding oxytocin administration, and appropri-
ate and consistent team management of excessive uterine activity.

SUMMARY

Uterine activity during labor results in normal oxidative stress for
the fetus, and fetal gas exchange and acid-base status are directly
affected by uterine activity during labor. Excessive uterine activity
is related to fetal acidemia at birth and should be avoided by care-
ful monitoring and cautious use of labor stimulants. Parameters for
normal, or adequate, uterine activity are easily defined on the basis of
normal labor physiology. Clinicians must reach consensus on defini-
tions related to excessive uterine activity and recognize that the term
tachysystole addresses only one aspect of uterine activity, that of fre-
quency. Recognition of the importance of other parameters of uterine
activity, such as strength, duration, resting tone, and relaxation time
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are equally important components of the evaluation of uterine activ-
ity during labor.

Crucial to the promotion of improved outcomes for mother and
fetus is clinician understanding of both the normal progress of labor
and labor abnormalities. The availability of continuous labor sup-
port, patient education regarding appropriate admission criteria, and
adequate hydration play key roles in minimizing labor abnormali-
ties. Familiarity with various labor curves, individualization of labor
management, and incorporation of shared decision-making regard-
ing induction or augmentation are crucial to ensuring safe passage.
An understanding of the pharmacologic characteristics of oxytocin,
combined with a goal to attain adequate uterine activity, will lead to
safe and effective use of this high-alert medication.

As Bakker [3] so aptly states, “contraction monitoring deserves
full attention.” The evaluation of uterine activity and FHR patterns
is inextricably intertwined in the care and support of the laboring
mother. Historically, focus on uterine activity assessment and man-
agement has been inconsistent in clinical practice. Nurses, midwives,
and physicians must have the requisite knowledge and skills to give
uterine activity evaluation and management the same attention and
care given to FHR pattern assessment.
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Pattern Recognition
and Interpretation

he clinical application of electronic fetal heart rate (FHR) moni-
toring consists of three distinct, interdependent elements:
1. Definition
2. Interpretation
3. Management
This chapter focuses on standardized definitions of FHR patterns
and standard, evidence-based interpretation of FHR patterns with
respect to underlying physiology. The principles developed in this chap-
ter are used during the discussion of FHR management in Chapter 6.

THE EVOLUTION OF STANDARDIZED FETAL
HEART RATE DEFINITIONS

Electronic FHR monitoring was introduced into clinical practice almost
50 years ago before consensus was achieved regarding standardized defi-
nitions and interpretation of FHR patterns. In 1995 and 1996, the National
Institute of Child Health and Human Development (NICHD) convened
a workshop to develop “standardized and unambiguous definitions for
fetal heart rate tracings” [1]. These definitions have been endorsed by
the American College of Obstetricians and Gynecologists (ACOG),
the Association of Women’s Health, Obstetric and Neonatal Nurses
(AWHONN), and the American College of Nurse-Midwives (ACNM).
In 2008 a second NICHD consensus panel was convened to review and
update the standardized definitions published in 1997 [2]. Standardized
NICHD FHR definitions are summarized in Table 5.1. Detailed discus-
sion of individual pattern definitions, along with evidence-based review
of the underlying fetal physiology, will be presented later in this chapter.

The 2008 National Institute of Child Health and
Human Development Consensus Report

In addition to clarifying and reiterating the FHR definitions proposed
by the 1997 NICHD consensus statement, the 2008 report recom-
mended a simplified system for classifying FHR tracings, using
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TABLE 5.1 Standardized Fetal Heart Rate Definitions

Pattern

Definition

Baseline

Tachycardia
Bradycardia
Baseline variability

Acceleration

Early deceleration

Late deceleration

The mean FHR rounded to increments of
5 bpm during a 10-min segment, excluding
accelerations, decelerations, and periods of
marked FHR variability

The baseline must be for a minimum of 2 min (not
necessarily contiguous) in any 10-min segment,
or the baseline for that segment is defined as
“indeterminate”

Baseline FHR >160 bpm

Baseline FHR <110 bpm

Fluctuations in the FHR baseline that are irregular
in amplitude and frequency; variability is
measured from the peak to the trough of the FHR
fluctuations and is quantitated in beats per minute

Variability is classified as follows:

Absent: amplitude range undetectable

Minimal: amplitude range detectable but <5 bpm

Moderate: amplitude range 6-25 bpm

Marked: amplitude range >25 bpm

No distinction is made between short-term
variability (or beat-to-beat variability or R-R wave
period differences in the electrocardiogram) and
long-term variability because in actual practice
they are visually determined as a unit

A visually apparent abrupt increase (onset to
peak <30 seconds) in the FHR from the baseline

At 32 weeks’ gestation and beyond, an acceleration
has a peak at least 15 bpm above baseline and a
duration of at least 15 seconds but <2 min

Before 32 weeks’ gestation, an acceleration has
a peak at least 10 bpm above baseline and a
duration of at least 10 seconds but <2 min

Prolonged acceleration lasts >2 min but <10 minutes

If an acceleration lasts >10 minutes, it is a baseline
change

In association with a uterine contraction, a visually
apparent, gradual (onset to nadir > 30 seconds)
decrease in FHR with return to baseline

In general, the nadir of the deceleration occurs at
the same time as the peak of the contraction

In association with a uterine contraction, a visually
apparent, gradual (onset to nadir 230 seconds)
decrease in FHR with return to baseline

In general, the onset, nadir, and recovery of the
deceleration occur after the beginning, peak, and
end of the contraction, respectively

Continued
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TABLE 5.1 Standardized FHR Definitions—cont'd

Pattern Definition
Variable An abrupt (onset to nadir <30 seconds), visually
deceleration apparent decrease in the FHR below the baseline

The decrease in FHR is at least 15 bpm and lasts at
least 15 seconds but <2 minutes.

Prolonged Visually apparent decrease in the FHR at least 15 bpm
deceleration below the baseline lasting at least 2 minutes but
<10 minutes from onset to return to baseline
Periodic Accompanies a uterine contraction
deceleration
Episodic Does not accompany a uterine contraction

deceleration
Sinusoidal pattern Visually apparent, smooth, sine wave-like undulating
pattern in FHR baseline with a cycle frequency of
3-5/min that persists for 220 minutes

FHR, fetal heart rate.

Adapted from G.A. Macones et al., The 2008 National Institute of Child
Health and Human Development workshop report on electronic fetal moni-
toring: update on definitions, interpretation, and research guidelines, Obstet.
Gynecol. 112 (3) (2008) 661-666.

baseline rate, variability, deceleration, and the sinusoidal pattern to
group FHR tracings into one of three categories (Table 5.2). Category
Iincludes tracings with a normal baseline rate (110 to 160), moderate
variability, and no variable, late or prolonged decelerations. Category
IIT includes tracings with absent variability and recurrent late decel-
erations, absent variability with recurrent variable decelerations,
absent variability with bradycardia for at least 10 minutes, or a sinu-
soidal pattern for at least 20 minutes. Category II includes all tracings
that do not meet criteria for classification as Category I or Category
II1. The proposed FHR categories represent a shorthand method of
defining FHR tracings. Because Category Il includes a wide range of
FHR tracings, the categories alone do not provide sufficient informa-
tion for FHR interpretation or management. The categories do not

TABLE 5.2 Three-Tier Fetal Heart Rate Classification System

Category |

Normal FHR tracing includes all of the following:
Baseline rate: 110-160 bpm
Baseline FHR variability: moderate
Accelerations: present or absent
Late or variable decelerations absent
Early decelerations present or absent
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TABLE 5.2 Three-Tier Fetal Heart Rate Classification System—cont'd

Category Il
Indeterminate Includes all FHR tracings not assigned to Categories |
orlll
Category il
Abnormal FHR tracing includes at least one of the following:
Absent variability with recurrent late decelerations
Absent variability with recurrent variable
decelerations
Absent variability with bradycardia for at least
10 minutes
Sinusoidal pattern for at least 20 minutes

FHR, fetal heart rate.

Adapted from G.A. Macones et al., The 2008 National Institute of Child
Health and Human Development workshop report on electronic fetal moni-
toring: update on definitions, interpretation, and research guidelines, Obstet.
Gynecol. 112 (3) (2008) 661-666.

replace a full description of baseline rate, variability, accelerations,
decelerations, sinusoidal pattern, and changes or trends over time.

Evidence-Based Interpretation of Fetal Heart
Rate Patterns

This chapter reviews the relationship between FHR patterns and fetal
physiology with particular emphasis on the underlying scientific evi-
dence. Principles of FHR interpretation are stratified here by support-
ing evidence according to the method outlined by the U.S. Preventive
Services Task Force, summarized in Box 5.1. Level I evidence is
considered to be the most robust and Level I1I the least. Specifically,
Level I and II evidence is capable of establishing statistically signifi-
cant relationships. Level III evidence is descriptive. As such, Level
III evidence is capable of generating theories and hypotheses, but it
is not capable of proving them.

As discussed previously, the primary objective of intrapar-
tum FHR monitoring is to assess fetal oxygenation during labor.
However, a number of conditions and/or exposures can influence the
appearance of an FHR tracing via mechanisms unrelated to fetal oxy-
genation. Common maternal factors include fever, infection, medi-
cations, and thyroid disease. Common fetal factors include fever,
infection, medications, prematurity, anemia, cardiac arrhythmias,
anomalies, preexisting neurologic injury, and sleep cycles. Thorough
assessment of an FHR tracing should take into account the factors
summarized in Table 5.3. If FHR changes are thought to be related
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BOX 5.1 Stratification of Scientific Evidence®

Level | Evidence obtained from at least one properly designed
randomized controlled trial.

Level II-1  Evidence obtained from well-designed controlled trials
without randomization.

Level [I-2  Evidence obtained from well-designed cohort or case-
control analytic studies, preferably from more than one
center or research group.

Level II-3  Evidence obtained from multiple time series with
or without the intervention. Dramatic results in
uncontrolled experiments also could be regarded as this
type of evidence.

Level I Opinions of respected authorities, based on clinical
experience, descriptive studies, or reports of expert

committees.

2According to method outlined by United States Preventive Services Task
Force, Guide to Clinical Preventative Services. Report of the U.S. Preventive
Services Task Force, second ed., Williams and Wilkins, Baltimore, MD, 1996.

TABLE 5.3 Factors Not Specifically Related to Fetal
Oxygenation That May Influence Fetal Heart Rate

Factor
Fever/infection

Medications

Hyperthyroidism
Prematurity

Fetal anemia
Fetal heart block
Fetal tachyarrhythmia

Congenital anomaly

Preexisting neurologic
abnormality

Sleep cycle

Reported FHR associations (most
evidence Level II-3 and Level III)

Increased baseline rate, decreased
variability

Effects depend on specific medication
and may include changes in baseline
rate, frequency and amplitude
of accelerations, variability, and
sinusoidal pattern

Tachycardia, decreased variability

Increased baseline rate, decreased
variability, reduced frequency and
amplitude of accelerations

Sinusoidal pattern, tachycardia

Bradycardia, decreased variability

Variable degrees of tachycardia,
decreased variability

Decreased variability, decelerations

Decreased variability, absent
accelerations

Decreased variability, reduced frequency
and amplitude of accelerations

FHR, fetal heart rate.
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to interrupted fetal oxygenation, management is directed at assessing
the oxygen pathway and improving the transfer of oxygen from the
environment to the fetus, as described in Chapter 2. However, if an
FHR abnormality is related to any of the conditions summarized in
Table 5.3, then individualized management is directed at the specific
underlying process. During the following discussion of physiology
and interpretation, FHR patterns related to interrupted fetal oxygen-
ation are considered separately from FHR patterns caused by other
mechanisms.

NATIONAL INSTITUTE OF CHILD
HEALTH AND HUMAN DEVELOPMENT
DEFINITIONS: GENERAL CONSIDERATIONS

The standardized definitions proposed by the NICHD in 1997
and reiterated in 2008 apply to the interpretation of FHR patterns
produced by a direct fetal electrode detecting the fetal electrocar-
diogram (FECG) or by an external Doppler device detecting fetal
cardiac motion using the autocorrelation technique. Autocorrelation
is a computerized method of minimizing the artifact associated with
Doppler ultrasound calculation of the FHR. This technology is built
into all modern FHR monitors. Patterns are categorized as baseline,
periodic, or episodic. Baseline patterns include baseline rate and
variability. Periodic and episodic patterns include FHR accelera-
tions and decelerations. Periodic patterns are those associated with
uterine contractions, and episodic patterns are those not associated
with uterine contractions. Decelerations are defined as abrupt if
the onset to nadir (lowest point) is <30 seconds and gradual if the
onset to nadir is >30 seconds. Accelerations are defined as abrupt if
the onset to peak is <30 seconds and gradual if the onset to peak is
>30 seconds. Although terms such as beat-to-beat variability, short-
term variability, and long-term variability have been used commonly
in clinical practice, the 1997 and 2008 NICHD consensus reports
recommended that no distinction be made among short-term, beat-
to-beat, and long-term variability because in actual practice they are
visually determined as a unit. A number of FHR characteristics are
dependent on gestational age, so gestational age must be considered
in the full description of the pattern. In addition, the FHR tracing
should be evaluated in the context of maternal medical condition,
prior results of fetal assessment, medications, and other factors.
Finally, it is essential to recognize that FHR patterns do not occur
alone and generally evolve over time. Therefore a full description of
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an FHR tracing requires a qualitative and quantitative description of
uterine contractions and each of the FHR components.

Five Essential Components of a Fetal Heart
Rate Tracing

In addition to evaluation of uterine contractions, the five components
of an FHR tracing include the following:

1. Baseline rate

2. Variability

3. Accelerations

4. Decelerations

5. Changes or trends over time

DEFINITIONS, PHYSIOLOGY, AND
INTERPRETATION OF SPECIFIC FETAL
HEART RATE PATTERNS

Baseline Rate

Definition

Baseline FHR is defined as the approximate mean FHR rounded
to increments of 5 bpm during a 10-minute segment, exclud-
ing accelerations, decelerations, and periods of marked variability
(Figs. 5.1, 5.2, and 5.3). Baseline rate is defined as a single number
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Fig. 5.1 Fetal heart rate (FHR) baseline. Note that the 2-minute
minimum for identifiable baseline does not require 2 contiguous or
continuous minutes; rather, it is the total identifiable baseline in the
10-minute window that must add up to 2 minutes. Also, baseline
may occur (and be interpreted) during contractions, as seen here.
Baseline (highlighted) is identified over the entire 10-minute window,
exceeding the 2-minute minimum. UA, uterine activity.
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Fig. 5.2 Fetal heart rate (FHR) baseline. Note that the 2-minute
minimum for identifiable baseline does not require 2 contiguous
or continuous minutes; rather, it is the total identifiable baseline in
the 10-minute window that must add up to 2 minutes. Also, base-
line may occur (and be interpreted) during contractions, as seen in
Fig. 5.1. Baseline (highlighted) is identified between accelerations or
between segments differing by 25 bpm or more; identifiable baseline
is approximately 5 minutes total (note the 2-minute minimum is met).
UA, uterine activity.
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Fig. 5.3 Fetal heart rate (FHR) baseline. Note that the 2-minute
minimum for identifiable baseline does not require 2 contiguous
or continuous minutes; rather, it is the total identifiable baseline in
the 10-minute window that must add up to 2 minutes. Also, base-
line may occur (and be interpreted) during contractions, as seen in
Fig. 5.1. Baseline (highlighted) is identified between decelerations or
between segments differing by 25 bpm or more; identifiable baseline
is approximately 5 minutes total (note the 2-minute minimum is met).
UA, uterine activity.

(for example, 145 bpm), not as a range (for example, “140-150 bpm”
or “140s”), because the definitions of other FHR components, includ-
ing accelerations and decelerations, are based on the degree of devia-
tion from the baseline rate. In any 10-minute window the minimum
baseline duration must be at least 2 minutes (not necessarily con-
tiguous), or the baseline for that period is deemed indeterminate
(Fig. 5.4). If the baseline during any 10-minute segment is deemed
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Fig. 5.4 Indeterminate baseline. Note that there are less than 2 minutes
of identifiable baseline during this 10-minute window. The baseline
would be labeled indeterminate for this portion of the tracing, and
the clinician would need to refer to previous portions of the strip to
determine baseline. Prior baseline was 155 bpm. FHR, fetal heart rate;
UA, uterine activity.

indeterminate, it may be necessary to refer to previous 10-minute
segment(s) for determination of the baseline. A normal FHR baseline
ranges from 110 to 160 bpm.

Physiology

Baseline FHR is regulated by intrinsic cardiac pacemakers (sinoatrial
[SA] node, atrioventricular [AV] node) and conduction pathways,
autonomic innervation (sympathetic, parasympathetic), humoral
factors (catecholamines), extrinsic factors (medications), and local
factors (calcium, potassium). Sympathetic innervation and plasma
catecholamines increase baseline FHR, whereas parasympathetic
innervation reduces the baseline rate. Autonomic input regulates
the FHR in response to fluctuations in Po,, Pco,, and blood pressure
detected by chemoreceptors and baroreceptors located in the aortic
arch and carotid arteries.

CATEGORIES OF BASELINE RATE
Tachycardia

Definition
Baseline FHR in excess of 160 bpm is defined as tachycardia (Fig. 5.5).

Interpretation

Fetal oxygenation: As discussed in Chapter 2, recurrent or sus-
tained interruption of oxygen transfer from the environment to the
fetus can lead to progressive deterioration of fetal oxygenation and,
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Fig. 5.5 Fetal tachycardia: fetal heart rate (FHR) >160 bpm. UA, uter-
ine activity.

eventually, to fetal metabolic acidemia. In the setting of metabolic
acidemia, blunting of parasympathetic cardiac stimulation can cause
the FHR to rise above the normal range. Sympathetic and humoral
factors may play a role as well. Because there are many possible
causes of fetal tachycardia that are not directly related to interrup-
tion of fetal oxygenation, the association between fetal tachycardia
and fetal oxygenation is nonspecific. The scientific evidence sup-
porting a relationship between fetal tachycardia and interrupted fetal
oxygenation primarily is Level III. Nevertheless, the observation of
fetal tachycardia should prompt consideration of all possible causes,
including interruption of oxygenation.

Other mechanisms: Many potential causes of fetal tachycardia
are not directly related to fetal oxygenation. For example, abnor-
malities involving fetal cardiac pacemakers and/or the cardiac con-
duction system can result in sinus tachycardia, supraventricular
tachycardia, atrial fibrillation, atrial flutter, and ventricular dysrhyth-
mias. Maternal fever and infection and fetal anemia are well-known
associations that likely act through the fetal autonomic nervous
system and circulating catecholamines to cause fetal tachycardia.
Maternal thyroid-stimulating antibodies can cause maternal hyper-
thyroidism and maternal tachycardia. Rarely, transplacental passage
of thyroid-stimulating antibodies can result in fetal hyperthyroid-
ism and tachycardia. Finally, many medications have been reported
to cause fetal tachycardia. General categories include parasympa-
tholytic drugs (atropine, hydroxyzine, phenothiazines) and sympa-
thomimetic drugs (terbutaline, albuterol). Caffeine, theophylline,
cocaine, and methamphetamine are other possible causes. Most of
the scientific evidence regarding these mechanisms is Level I1-3 and
Level III. Potential causes of fetal tachycardia are summarized in
Box 5.2.
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BOX 5.2 Potential Causes of Fetal Tachycardia

Maternal fever
Infection
Medications/drugs

B Sympathomimetics
Parasympatholytics
Caffeine
Theophylline
Cocaine

= Methamphetamines
Fetal anemia
Maternal hyperthyroidism
Arrhythmias

= Sinus tachycardia

= Supraventricular tachycardia
Atrial fibrillation

u Atrial flutter

® Ventricular arrhythmia
Metabolic acidemia

Bradycardia

Definition
Baseline FHR <110 bpm is defined as bradycardia (Fig. 5.6).

Interpretation

Fetal oxygenation: In the past, the term bradycardia has been used
interchangeably with the term prolonged deceleration. However,
this practice is imprecise and should be avoided. According to
the definitions proposed by the NICHD, bradycardia is a baseline
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Fig. 5.6 Fetal bradycardia: fetal heart rate (FHR) <110 bpm. UA, uter-
ine activity.
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BOX 5.3 Potential Causes of Fetal Bradycardia

Medications, including sympatholytics
Cardiac conduction abnormalities
Heart block

Heterotaxy syndrome

Structural cardiac defects

Viral infections, for example, cytomegalovirus
Sjogren’s antibodies

Fetal heart failure

Maternal hypoglycemia

Maternal hypothermia

Interruption of fetal oxygenation

rate <110 bpm for at least 10 minutes, whereas a prolonged decelera-
tion is a periodic or episodic deceleration that interrupts the baseline.
Decelerations are common and can reflect interruption of fetal oxy-
genation. True baseline bradycardia is uncommon and is not specifi-
cally related to fetal oxygenation.

Other mechanisms: Baseline fetal bradycardia can be caused by
abnormalities at the level of the cardiac pacemakers and/or conduc-
tion system. AV dissociation or “heart block” can result from disrup-
tion of the cardiac conduction system by structural cardiac defects,
viral infections (cytomegalovirus [CMV]), or maternal Sjogren’s
antibodies. Medications (adrenergic antagonists) do not commonly
cause a reduction in baseline FHR <110 bpm. In descriptive studies
that represent Level III evidence, fetal bradycardia has been reported
in association with fetal heart failure, maternal hypoglycemia, and
maternal hypothermia during cardiac surgery, urosepsis, and magne-
sium sulfate infusion. Potential causes of fetal bradycardia are sum-
marized in Box 5.3.

Baseline Fetal Heart Rate Variability

Definition

FHR variability is defined as fluctuations in the baseline FHR that are
irregular in amplitude and frequency. Variability is quantitated in beats
per minute and is measured from the peak to the trough in beats per
minute. No distinction is made between short-term (beat-to-beat) vari-
ability and Jong-term variability because in actual practice they are visu-
ally determined as a unit. There is no consensus whether beat-to-beat
variability alone is interpretable to the unaided eye. Variability is cat-
egorized as absent, minimal, moderate, or marked as shown in Fig. 5.7.
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Physiology

Many factors interact to regulate FHR variability, including cardiac
pacemakers (SA node, AV node) and the cardiac conduction system,
autonomic innervation (sympathetic, parasympathetic), humoral
factors (catecholamines), extrinsic factors (medications), and local
factors (calcium, potassium). Fluctuations in Po,, Pco,, and blood
pressure are detected by chemoreceptors and baroreceptors located
in the aortic arch and carotid arteries. Signals from these receptors
are processed in the medullary vasomotor center, possibly with regu-
latory input from higher centers in the hypothalamus and cerebral
cortex. Sympathetic and parasympathetic signals from the medul-
lary vasomotor center modulate the FHR in response to moment-to-
moment changes in fetal Po,, Pco,, and blood pressure. With every
heartbeat, slight corrections in the heart rate help optimize fetal car-
diac output and maximize the distribution of oxygenated blood to the
fetal tissues. As illustrated in Fig. 5.7, this variation is referred to as
FHR variability and is displayed visually on the FHR graph as an
irregular horizontal line. The small oscillations that represent FHR
changes between each successive heartbeat have been referred to as
beat-to-beat variability or short-term variability. The broader oscil-
lations have been referred to as long-term variability. These terms
describe two elements of FHR variability that occur together and that
are evaluated as a unit. Therefore, as discussed earlier in the chapter,
no distinction is made between short-term (beat-to-beat) variability
and long-term variability. These terms are not included in standard-
ized NICHD terminology. For purposes of clear and consistent com-
munication, they should be avoided.

CATEGORIES OF BASELINE VARIABILITY
Absent Variability

Definition

As depicted in Fig. 5.7, variability is defined as absent if the ampli-
tude range of the FHR fluctuations is undetectable to the unaided eye.

Interpretation

Fetal oxygenation: Recurrent or sustained interruption of oxygen
transfer from the environment to the fetus can lead to progressive
deterioration of fetal oxygenation, metabolic acidemia, and blunting
of parasympathetic outflow that can reduce the moment-to-moment
regulation of the FHR. In the FHR tracing, these changes can be seen
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as minimal to absent variability. Although FHR variability <5 bpm is
relatively common, persistently absent variability (amplitude range
undetectable) is not. If variability <5 bpm is caused by interrupted
fetal oxygenation, other FHR observations may be present, including
decelerations, absent accelerations, and tachycardia. There are many
possible causes of FHR variability <5 bpm. However, when persis-
tent absent variability (amplitude range undetectable) is observed,
careful evaluation should be undertaken to exclude fetal metabolic
acidemia if possible.

Other mechanisms: Decreased FHR variability can be caused
by a number of mechanisms that are unrelated to fetal oxygenation,
including fetal sleep cycles, fetal tachycardia, and extreme prema-
turity. Congenital anomalies and preexisting neurologic injury are
other possible causes. Several medications have been implicated in
decreased FHR variability. General categories include central nervous
system depressants (narcotics, barbiturates, phenothiazines, tranquil-
izers, general anesthetics) and parasympatholytics (atropine). Most of
the scientific evidence regarding these mechanisms is Level III. It is
important to note that most studies in the literature define “decreased”
variability as <5 bpm and do not further stratify variability as “absent”
(amplitude range undetectable) or “minimal” (amplitude range detect-
able but <5 bpm). Therefore it is not possible to draw valid distinctions
regarding the relative clinical significance of these two categories.
Causes of decreased FHR variability are summarized in Box 5.4.

BOX 5.4 Potential Causes of Decreased Fetal Heart Rate
Variability

Fetal sleep cycle

Fetal tachycardia
Medications

Narcotics
Barbiturates
Phenothiazines
Tranquilizers
General anesthetics
Atropine
Prematurity

Congenital anomalies
Fetal anemia

Fetal cardiac arrhythmia
Infection

Preexisting neurologic injury
Fetal metabolic acidemia
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Minimal Variability

Definition

Minimal variability is defined as an amplitude range that is detect-
able but <5 bpm.

Interpretation

Fetal oxygenation: Interrupted fetal oxygenation leading to meta-
bolic acidemia and blunted autonomic regulation of the FHR can
result in decreased FHR variability.

The specific relationship among minimal variability, fetal oxygen-
ation, and fetal metabolic acidemia is not known, primarily because
the literature has not consistently distinguished between minimal and
absent variability. In the setting of persistently minimal variability
without accelerations or moderate variability, the FHR tracing alone
cannot reliably exclude metabolic acidemia.

Other mechanisms: Minimal variability may be associated with
mechanisms other than interruption of fetal oxygenation, including fetal
sleep cycles, fetal tachycardia, prematurity, congenital anomalies, pre-
existing neurologic injury, and medications, as summarized in Box 5.4.
Most of the scientific evidence regarding these mechanisms is Level I11.

Moderate Variability

Definition

Moderate variability (see Fig. 5.7) has an amplitude range of 6 to
25 bpm.

Interpretation

Fetal oxygenation: Moderate FHR variability indicates normal
control of the FHR by cardiac pacemakers and conduction path-
ways, autonomic innervation, humoral, extrinsic, and local factors.
Specifically, moderate variability indicates that autonomic regulation
of the FHR is not blunted by interruption of fetal oxygenation that
has progressed to the stage of metabolic acidemia. One of the central
principles of electronic FHR monitoring is that moderate variability
reliably predicts the absence of fetal metabolic acidemia and ongoing
hypoxic injury at the time it is observed [3—8]. Supporting evidence
is Level 11-2, 11-3, and III.

Other mechanisms: Moderate variability indicates normal neu-
rologic regulation of the FHR at the time it is observed but does not
exclude the possibility of preexisting neurologic injury [1,9-11].
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Marked Variability

Definition

Marked variability is defined as FHR variability that is >25 bpm in
amplitude (see Fig. 5.7).

Interpretation

The significance of marked variability is not known. In many cases,
it likely represents a normal variant. It is plausible that marked
variability reflects autonomic perturbation in the setting of early
hypoxemia. Scientific evidence regarding this pattern is limited. All
available evidence is Level III.

Sinusoidal Pattern

The sinusoidal pattern (Fig. 5.8) is defined as a smooth, sine wave—
like undulating pattern in FHR baseline with a cycle frequency of 3
to 5 per minute that persists for at least 20 minutes. It is not included
in the definition of FHR variability. A practical way to distinguish
FHR variability from the sinusoidal pattern is to recognize that vari-
ability is defined as fluctuations in the baseline that are irregular in
amplitude and frequency, whereas the sinusoidal pattern is character-
ized by fluctuations in the baseline that are regular in amplitude and
frequency. Sinusoidal FHR is an uncommon pattern. Although the
pathophysiologic mechanism is not known, this pattern classically
is associated with severe fetal anemia. Variations of the pattern have
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Fig. 5.8 Sinusoidal pattern. FHR, fetal heart rate; UA, uterine activity.
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been described in association with chorioamnionitis, fetal sepsis, or
administration of narcotic analgesics [9]. Scientific evidence regard-
ing associated factors is Level II-2 to Level III. Evidence regarding
pathophysiology is Level III.

Acceleration

Definition

Acceleration is an abrupt (onset to peak <30 seconds) increase in
FHR above baseline. The peak is at least 15 bpm above baseline,
and the acceleration lasts at least 15 seconds from the onset to return
to baseline (Fig. 5.9). Before 32 weeks’ gestation, an acceleration
is defined as having a peak at least 10 bpm above baseline and
a duration of at least 10 seconds. An acceleration lasting at least
2 minutes but less than 10 minutes is defined as a prolonged accel-
eration. An acceleration lasting 10 minutes or longer is defined as
a baseline change. The amplitude of an acceleration is quantitated
in beats per minute above the baseline excluding transient spikes
or electronic artifact. The duration is quantitated in minutes and
seconds.

Physiology

Accelerations in FHR frequently occur in association with fetal
movement, probably as a result of stimulation of peripheral proprio-
ceptors, increased catecholamine release, and autonomic stimulation
of the heart. In the absence of spontaneous accelerations, fetal scalp
stimulation or vibroacoustic stimulation can provoke fetal movement
and FHR accelerations.

FHR accelerations
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Fig. 5.9 Accelerations of fetal heart rate (FHR) in a term pregnancy.
Note that the 15-bpm peak and 15-second duration criteria are met.
(Courtesy Lisa A. Miller, CNM, ]D.)
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Interpretation

Fetal oxygenation: Accelerations, like moderate variability, reflect
normal autonomic regulation of the FHR. The presence of accelera-
tions indicates that autonomic regulation of the FHR is not blunted
by interruption of oxygenation that has progressed to the stage of
metabolic acidemia. A central principle of electronic FHR monitor-
ing is that FHR accelerations are highly predictive of the absence
of fetal metabolic acidemia and ongoing hypoxic injury at the time
they are observed [12—15]. Supporting evidence is Level II-2, II-3,
and III.

Other mechanisms: Accelerations indicate normal autonomic
regulation of the FHR at the time they are observed [1,10,11,16].
However, the presence of FHR accelerations does not reliably
exclude preexisting neurologic injury. Another suspected mechanism
of FHR acceleration is transient compression of the umbilical vein,
resulting in decreased fetal venous return and a reflex rise in heart
rate. Evidence is Level 111

Decelerations

Definition

FHR decelerations are identified as early, late, variable, or pro-
longed. Late decelerations and early decelerations are gradual in
onset and periodic in timing (associated with uterine contractions).
Variable decelerations are abrupt in onset and may be periodic or
episodic in timing. Prolonged decelerations may be abrupt or gradual
in onset and may be periodic or episodic in timing. Decelerations
are defined as recurrent if they occur with at least 50% of uterine
contractions in any 20-minute segment. All decelerations are quan-
titated by depth in beats per minute below the baseline (excluding
transient spikes or electronic artifact) and duration in minutes and
seconds. Standardized NICHD terminology does not classify FHR
decelerations as mild, moderate, or severe because the prognostic
significance of such subclassification has not been established. The
following sections review the standard definition and interpretation
of each pattern.

Physiology

Early decelerations represent a reflex fetal response to fetal head
compression during uterine contractions. Late, variable, and pro-
longed FHR decelerations represent reflex fetal responses to inter-
ruption of the oxygen pathway at one or more points. Scientific
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evidence supporting these mechanisms ranges from Level II-1 to
Level III.

TYPES OF DECELERATIONS

Early Deceleration

Definition

Early deceleration is defined as a gradual (onset to nadir of 30 sec-
onds or more) decrease in FHR from the baseline and subsequent
return to baseline associated with a uterine contraction (Fig. 5.10).
In most cases the onset, nadir, and recovery of the deceleration occur
at the same time as the beginning, peak, and end of the contraction,
respectively. Early decelerations are defined as recurrent if they occur
with at least 50% of uterine contractions in any 20-minute segment.

Interpretation

Fetal oxygenation: Early decelerations have no known relationship
to fetal oxygenation.

Other mechanisms: Although the precise physiologic mecha-
nism is not known, early decelerations are thought to represent a
fetal autonomic response to changes in intracranial pressure and/or
cerebral blood flow caused by intrapartum compression of the fetal
head (Fig. 5.11). These decelerations do not appear to be associated
with poor outcome and therefore are considered clinically benign.
Evidence is Level II-3 and Level III.
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Fig. 5.10 Early decelerations. FHR, fetal heart rate; UA, uterine activity.
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Transient S
fetal head »
compression

Physiologic mechanism of early deceleration

Transient fetal head compression

'

Altered intracranial pressure and/or cerebral blood flow

Reflex parasympathetic outflow

'
Gradual slowing of the FHR

f

Early deceleration

'

When head compression is relieved, autonomic reflexes subside
Fig. 5.11 Physiologic mechanism of early decelerations.

Late Deceleration

Definition

Late deceleration of the FHR is defined as a gradual (onset to nadir
>30 seconds) decrease of the FHR from the baseline and subsequent
return to the baseline associated with a uterine contraction (Fig. 5.12).
In most cases the onset, nadir, and recovery of the deceleration occur
after the beginning, peak, and ending of the contraction, respectively.
Late decelerations are defined as recurrent if they occur with at least
50% of uterine contractions in any 20-minute segment. They are
defined as intermittent if they occur with <50% of contractions in
any 20-minute segment.

Interpretation

Fetal oxygenation: A late deceleration is a reflex fetal response
to transient hypoxemia during a uterine contraction. Myometrial
contractions can compress maternal blood vessels traversing the
uterine wall and disrupt maternal perfusion of the intervillous
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Fig. 5.12 Late decelerations. FHR, fetal heart rate; UA, uterine activity.

space of the placenta. Reduced delivery of oxygenated blood to
the intervillous space can reduce the diffusion of oxygen into the
fetal capillary blood in the chorionic villi, leading to a decline in
fetal Po, below the normal range of approximately 15 to 25 mm
Hg. If the fetal Po, falls below a critical threshold, chemorecep-
tors detect the change and signal medullary vasomotor centers to
initiate a protective reflex response. Sympathetic outflow causes
peripheral vasoconstriction and centralization of blood volume,
favoring perfusion of the brain, heart, and adrenal glands. The
resulting increase in peripheral resistance causes a rise in mean
arterial blood pressure and a subsequent baroreceptor-mediated
reflex slowing of the heart rate to reduce cardiac output and return
the blood pressure to normal. This mechanism has been elucidated
elegantly in a number of animal studies [2,17-25]. It is summa-
rized in Fig. 5.13. If disruption of fetal oxygenation is recurrent
or sustained, it may progress to the stage of metabolic acidemia.
In the setting of metabolic acidemia, a late deceleration can reflect
a direct myocardial depressant effect of hypoxia. In that event,
other FHR abnormalities would be expected, such as fetal tachy-
cardia, absent variability, and absent accelerations. For the purpose
of standardized interpretation of intrapartum FHR patterns, a late
deceleration reflects transient interruption of oxygen transfer from
the environment to the fetus during a uterine contraction, resulting
in transient fetal hypoxemia. The scientific evidence supporting
the physiologic basis of a typical late deceleration is Level II-1
and I1-2.

Other mechanisms: No other mechanisms are known to cause
late decelerations.
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perfusion of
intervillous
space

Physiologic mechanism of late deceleration

Uterine contraction impedes

maternal perfusion of the Note: In the presence
placental intervillous space of fetal metabolic
¥ acidemia, transient

hypoxemia may result
in myocardial hypoxia
and a late deceleration

Reflex sympathetic outflow secondary to direct
t myocardial depression

Transient fetal hypoxemia
t

Chemoreceptor stimulation
}

Peripheral vasoconstriction, preferentially

shunting oxygenated blood away from the

peripheral tissues and toward central vital
organs: brain, he?rt, adrenal glands

Increase in fetal peripheral resistance
and blood pressure
t

Baroreceptor stimulation
'
Reflex parasympathetic outflow
'
Gradual slowing of the FHR

\
Late deceleration

After the contraction, these reflexes subside

Fig. 5.13 Physiologic mechanism of late decelerations. FHR, fetal heart
rate.

Variable Deceleration

Definition

Variable deceleration of the FHR is defined as an abrupt (onset to
nadir <30 seconds) decrease in FHR below the baseline, calculated
from the most recent determined portion of the baseline (Fig. 5.14).
The decrease in FHR below the baseline is at least 15 bpm, and the
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Fig. 5.14 Variable decelerations. FECG, fetal electrocardiogram; FHR,
fetal heart rate; UA, uterine activity.

deceleration lasts at least 15 seconds and <2 minutes from onset to
return to baseline. Variable decelerations are not necessarily associ-
ated with uterine contractions. However, when they are, the onset,
depth, and duration commonly vary with successive uterine contrac-
tions. In addition, if they are associated with uterine contractions,
variable decelerations are defined as recurrent if they occur with at
least 50% of uterine contractions in any 20-minute segment.

Interpretation

Fetal oxygenation: Variable decelerations result from transient
mechanical compression of umbilical blood vessels within the umbil-
ical cord (Fig. 5.15) [26-35]. Initially, compression of the umbilical
cord occludes the thin-walled, compliant umbilical vein, decreasing
fetal venous return and triggering a baroreceptor-mediated reflex rise
in FHR (commonly described as a “shoulder”). Further compression
of the umbilical cord results in occlusion of the umbilical arteries,
causing an abrupt increase in fetal peripheral resistance and blood
pressure. Baroreceptors detect the abrupt rise in blood pressure and
signal the medullary vasomotor center, which, in turn, triggers an
increase in parasympathetic outflow along the vagus nerve and an
abrupt decrease in heart rate. Parasympathetic stimulation of the
heart may result in a junctional or idioventricular rhythm that appears
as a relatively stable rate of 60 to 80 bpm at the base of a variable
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Umbilical cord
compression

Physiologic mechanism of variable deceleration

Umbilical cord compression
Initial compressiotw of umbilical vein
Transient decreasecj fetal venous return
Transient reduction in fetal car:Jiac output and blood pressure

Baroreceptor stimulation

Transient reflex rise in FHR
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Abrupt rise in fetal peripheral :esistance and blood pressure
Baroreceptc:r stimulation
Reflex parasym*pathetic outflow

v
Abrupt slowing of the FHR

¥
Variable deceleration
¥
When umbilical cord compression is relieved, this process
occurs in reverse

Fig. 5.15 Physiologic mechanism of variable decelerations. FHR, fetal
heart rate.

deceleration. As the cord is decompressed, this sequence of events
occurs in reverse. A shoulder is common after a variable decelera-
tion. It is important to note that the term shoulder is not included
in the standard NICHD definitions of FHR patterns. This term, and
others lacking standard definitions, are addressed in a separate sec-
tion of this chapter. Umbilical cord compression results in transient
interruption of normal oxygen transfer from the environment to
the fetus. During a variable deceleration, the fetal Po, may or may
not fall below the normal range of 15 to 25 mm Hg. Regardless
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of the effect on fetal Po,, a variable deceleration is transient by defi-
nition (duration <2 min), and occasional compression of the umbili-
cal cord usually has little clinical significance. Recurrent variable
decelerations, on the other hand, can result in recurrent disruption
of fetal oxygenation and lead to a cascade of progressive physi-
ologic changes including hypoxemia, hypoxia, metabolic acidosis,
and eventually metabolic acidemia. In that event, associated FHR
observations may include a rising baseline rate, minimal to absent
variability, absent accelerations, and slow return to baseline after
decelerations. The latter has been referred to as a variable with a late
component. This term is not defined by the NICHD and is addressed
later in the chapter. For the purposes of FHR interpretation, a vari-
able deceleration reflects transient interruption of oxygen transfer
from the environment to the fetus at the level of the umbilical cord.
Supporting evidence is Level 1I-1, 1I-2, 1I-3, and III.

Other mechanisms: Other suggested physiologic mechanisms
resulting in variable deceleration include a fetal vagal response to umbil-
ical cord stretching and reflex vagal response to head compression. The
former mechanism may be similar to the mechanism underlying umbili-
cal cord compression. The latter likely is similar to the mechanism under-
lying early decelerations. Supporting evidence is limited (Level III).

Prolonged Deceleration

Definition

Prolonged deceleration (Fig. 5.16) of the FHR is defined as a
decrease (either gradual or abrupt) in FHR at least 15 bpm below the
baseline lasting at least 2 minutes from onset to return to baseline.
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Fig. 5.16 Prolonged decelerations. FHR, fetal heart rate; UA, uterine
activity.
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According to NICHD terminology, a prolonged deceleration last-
ing 10 minutes or longer is defined as a baseline change. Under no
circumstances should this statement be interpreted to suggest that
a prolonged deceleration turns into a benign baseline change after
10 minutes.

Interpretation

Fetal oxygenation: A prolonged deceleration reflects disrupted oxy-
gen transfer from the environment to the fetus at one or more points
along the oxygen pathway. As described in the introduction to FHR
decelerations, there are two basic physiologic mechanisms:
1. Reflex autonomic response
2. Direct myocardial depression

A prolonged deceleration usually begins as a reflex autonomic
response to disruption of the oxygen pathway. If the oxygen path-
way is disrupted by mechanical compression of the umbilical cord,
the FHR deceleration begins as a reflex autonomic response to
fetal hypertension. Alternatively, an acute event such as placental
abruption or uterine rupture can cause an abrupt fall in fetal Po,.
Reflex peripheral vasoconstriction centralizes blood volume and
increases blood pressure. The resulting FHR deceleration begins
as a reflex autonomic response to the rise in blood pressure trig-
gered by falling Po,. Regardless of the cause, sustained disruption
of oxygen transfer can lead to progressive physiologic changes,
including fetal hypoxemia, hypoxia, metabolic acidosis, and meta-
bolic acidemia. Eventually, tissue hypoxia and acidosis can lead
to failure of peripheral vascular smooth muscle contraction. The
resultant fetal hypotension reduces diastolic blood pressure and
compromises coronary blood flow, leading to myocardial hypoxia,
direct myocardial depression, and slowing of the FHR. If this pro-
cess is not corrected, the heart may stop beating altogether. It is
likely that both mechanisms (autonomic reflex and direct myo-
cardial depression) contribute to the underlying physiology of a
prolonged FHR deceleration; however, their precise relative roles
are not known. In general, autonomic reflexes appear to predomi-
nate initially, and hypoxic myocardial depression appears to be
a later mechanism. Supporting evidence is Level II-1, 1I-2, II-3,
and III. For the purposes of standard FHR interpretation, a pro-
longed deceleration reflects interruption of oxygen transfer from
the environment to the fetus at one or more points along the oxy-
gen pathway.
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Other mechanisms: Other proposed mechanisms of prolonged
decelerations can overlap with those causing fetal bradycardia.
Examples include fetal heart failure, maternal hypoglycemia, and
hypothermia. Supporting evidence is Level III.

FETAL CARDIAC ARRHYTHMIAS

Precise characterization of fetal cardiac arrhythmias can challenge
the clinical skills of the most experienced specialist, even with the
benefit of direct, magnified visualization of the fetal heart using
state-of-the-art sonographic equipment with color, pulse-wave,
and M-mode Doppler capability. Therefore any attempt to clas-
sify fetal cardiac arrhythmias using electronic FHR monitoring
alone is destined to result in a tentative diagnosis at best. This
imprecision is compounded by the fact that rates >240 bpm may
be halved or not printed at all by the monitor. This severely limits
the ability of the FHR monitor to distinguish between fetal condi-
tions such as supraventricular tachycardia, atrial fibrillation, and
atrial flutter, all of which can result in FHRs >240 bpm (the upper
limit of the FHR graph on standard paper). Electronic FHR moni-
toring cannot determine whether a fetal heartbeat is initiated by
an electrical impulse originating in the atrium or in the ventricle.
In other words, an electronic monitor cannot reliably distinguish
an atrial arrhythmia from a ventricular arrhythmia. Nevertheless,
electronic FHR monitoring can offer some clues to the presence of
an abnormal fetal heart thythm. For example, dropped beats might
appear on the FHR monitor as sharp downward spikes that nadir
at approximately half of the baseline rate. A premature beat with
a compensatory pause might appear as a sharp upward spike fol-
lowed immediately by a downward spike. Bradycardia caused by
heart block can appear persistently or intermittently as a baseline
rate that is half of the normal rate. Sinus bradycardia should be
suspected if the baseline rate is <110 bpm but higher than half of
the normal rate. Any FHR baseline of <110 bpm requires thorough
evaluation before it can be attributed to a benign condition. If the
fetal heart is not generating electrical activity, as in the case of fetal
demise, a fetal scalp electrode may detect the electrical impulses
from the maternal heart and record the maternal heart rate. If there
is any question about the clinical significance of any unusual fetal
heart rhythm that is seen on the fetal monitor or detected audibly,
further evaluation with other modalities is necessary to establish
an accurate diagnosis.
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TERMS AND CONCEPTS NOT SUPPORTED
BY EVIDENCE OR CONSENSUS

Several terms and concepts that may be encountered in practice or
in the medicolegal arena are not supported by scientific evidence
and are not included in standard NICHD recommendations. Some of
these are discussed next.

Wandering Baseline

An FHR baseline that is within the normal range (110—160 bpm) but
is not stable at a single rate for long enough to define a mean has been
described as a wandering baseline. Absent variability and absent
accelerations are prominent features. Decelerations can be present
or absent. This combination of FHR findings has been suggested to
indicate preexisting neurologic injury and impending fetal death. The
physiologic mechanism is not known, and published data are limited
(Level III). If this pattern is observed, it should be interpreted in the
context of other FHR observations and clinical factors.

Lambda Pattern

The lambda FHR pattern is characterized by a brief acceleration fol-
lowed by a small deceleration [36]. Common during early labor, this
pattern has no known clinical significance. The underlying physi-
ologic mechanism is not known (Level III).

Shoulder

As discussed earlier in the chapter, variable decelerations result from
transient mechanical compression of umbilical blood vessels within
the umbilical cord. Initial compression of the umbilical vein reduces
fetal venous return and triggers a baroreceptor-mediated reflex rise
in FHR that commonly is described as a shoulder. As the cord is
decompressed, a second shoulder frequently follows the decelera-
tion and likely reflects the same underlying mechanism. The precise
mechanism has not been confirmed. There is no known association
with adverse newborn outcome. On the other hand, there is no firm
evidence that the observation reflects normal fetal oxygenation. It is
considered a clinically benign observation. Supporting evidence is
Level 111
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Checkmark Pattern

The checkmark pattern is an unusual FHR pattern that has been
described in association with neurologic injury, neonatal convul-
sions, and possible in utero fetal seizure activity. Unlike most FHR
patterns described in association with neurologic injury, the check-
mark pattern is not necessarily accompanied by absent baseline vari-
ability. All evidence related to the visual appearance of the pattern
and the putative clinical significance is Level III.

End-Stage Bradycardia and Terminal
Bradycardia

Standardized NICHD FHR terminology clearly indicates that the
term bradycardia applies to the baseline FHR. The term specifi-
cally does not apply to a “prolonged deceleration” that interrupts the
baseline. The terms end-stage bradycardia and terminal bradycar-
dia have been used to describe a prolonged deceleration observed
at the end of the second stage of labor. Such decelerations are com-
mon in the course of normal vaginal delivery and usually are of little
clinical significance. The precise cause is unknown; however, sug-
gested mechanisms include umbilical cord compression, umbilical
cord stretching, fetal head compression, and transient fetal hypox-
emia caused by excessive uterine activity and/or maternal expulsive
efforts. The effect on immediate newborn outcome is variable and
depends on a number of interacting factors, including but not limited
to the physiologic cause of the deceleration, prior condition of the
fetus, and duration of the deceleration. Consistent with NICHD ter-
minology, end-stage bradycardia and terminal bradycardia should be
discarded in favor of the more precise term prolonged deceleration.
Evidence is Level III.

Uniform Accelerations

Various terms have been used to describe FHR accelerations.
Examples include uniform sporadic accelerations, variable sporadic
accelerations, uniform periodic accelerations, sporadic periodic
accelerations, and crown accelerations. These terms are not included
in standardized NICHD definitions, and there is no documented
physiologic basis for such classification.
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Atypical Variable Decelerations

Overshoot

The term overshoot has been used to describe an FHR pattern char-
acterized by persistently absent variability, absent accelerations, and
a variable deceleration followed by a smooth, prolonged rise in the
FHR above the previous baseline with gradual return [37-41]. As
with the wandering baseline, essential elements of this uncommon
pattern include the persistent absence of variability and the absence
of accelerations. The overshoot pattern has been attributed to a range
of conditions, including “mild fetal hypoxia above the deceleration
threshold,” “chronic fetal distress,” and “repetitive transient central
nervous system ischemia.” However, all of these associations are
speculative and none has been substantiated by available scientific
evidence. The physiologic mechanisms responsible for the overshoot
pattern are not known. However, the pattern has been described in
association with abnormal neurologic outcome with or without meta-
bolic acidemia, suggesting that it might indicate preexisting neuro-
logic injury. Because of the wide variation in reported associations
and the lack of agreement regarding the definition and clinical sig-
nificance of overshoot, it is best to avoid the use of this term in favor
of specific terminology. All evidence regarding the overshoot pattern
in humans is Level III.

Variable Deceleration With a Late Component

Variable deceleration with a late component describes a deceleration
with an abrupt onset and a gradual return to baseline. The abrupt
onset suggests that the deceleration begins as a reflex autonomic
response to an abrupt rise in blood pressure caused by umbilical cord
compression (the “variable” component of the pattern). The gradual
return to baseline suggests a gradual reduction of autonomic outflow
on resolution of transient hypoxemia, as occurs in a late deceleration
(the “late” component of the pattern). A plausible explanation of the
pattern would be initial umbilical cord compression causing a reflex
fall in FHR and a transient decline in fetal Po,. The Po, probably
drops below the threshold that triggers the reflex sympathetic outflow
and peripheral vasoconstriction characteristic of a late deceleration.
Decompression of the umbilical cord brings about rapid resolution
of the variable deceleration; however, the physiologic mechanisms
responsible for late deceleration resolve more slowly, causing the
FHR to return slowly to the previous baseline. Although the specific
physiologic mechanism has not been studied systematically, this
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explanation is a reasonable extrapolation from known mechanisms.
Scientific evidence regarding the underlying physiologic mechanism
is limited to Level III. Second-stage variable decelerations with slow
recovery have been reported to increase the likelihood of operative
delivery; however, no consistent effect on newborn outcome has
been described [42]. In the absence of a standard definition of this
pattern, its use is best avoided in favor of standard terminology, for
example, variable deceleration with gradual return to baseline.

Mild, Moderate, and Severe Variable
Decelerations

The depth and duration of variable decelerations have been sug-
gested as predictors of newborn outcome. Kubli and colleagues
proposed three categories of variable decelerations based on these
characteristics [43]. According to this classification system, a mild
variable deceleration was defined by a duration less than 30 seconds
regardless of depth, a depth no lower than 80 bpm, or a depth of 70 to
80 bpm lasting less than 60 seconds. A moderate variable decelera-
tion was defined by a depth <70 bpm lasting 30 to 60 seconds or a
depth of 70 to 80 bpm lasting more than 60 seconds. A severe decel-
eration was defined as a deceleration <70 bpm lasting more than
60 seconds. There is no conclusive evidence in the literature that the
depth of any type of deceleration (early, variable, late, or prolonged)
is predictive of fetal metabolic acidemia or newborn outcome inde-
pendent of other important FHR characteristics such as baseline rate,
variability, accelerations, and frequency of decelerations. Therefore
mild, moderate, and severe categories are not included in standard
NICHD definitions of FHR decelerations. Consistent with NICHD
terminology, all decelerations are quantitated by depth in beats per
minute and duration in minutes and seconds.

V-Shaped Variables and W-Shaped Variables

The visual appearance of a variable deceleration has been suggested
to predict the underlying cause. For example, a V-shaped variable
deceleration has been suggested to indicate umbilical cord com-
pression caused by oligohydramnios, whereas a W-shaped variable
deceleration has been suggested to reflect umbilical cord compres-
sion caused by a nuchal cord. There is no evidence in the literature to
confirm this distinction. These terms are not included in standardized
NICHD terminology.
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Good Variability Within the Deceleration

At the nadir of a variable or late deceleration, the FHR frequently
appears irregular, similar to the appearance of moderate variability.
The visual similarity has led some to suggest that “variability” during
a deceleration has the same clinical significance as baseline variabil-
ity. Although the concept is physiologically plausible, it has never
been studied or confirmed. In addition, it is inconsistent with standard
terminology. Variability is a characteristic of the FHR baseline. The
term variability is not used to qualify periodic or episodic decelera-
tions that interrupt the baseline. In the absence of evidence, the safest
approach is to avoid assigning undue significance to this observation.

Other Mechanisms That Lack Scientific Basis

Fetal Head Compression

Early deceleration of the FHR has long been recognized as a benign
reflex response to transient compression of the fetal head during
a uterine contraction. The innocuous nature of this phenomenon
is underscored by the inclusion of early decelerations in NICHD
Category I (2008), indicating normal fetal oxygenation. However,
some have suggested that intrapartum fetal head compression can
cause hypoxic-ischemic brain injury, even in a normally oxygenated
fetus [44]. This notion contends that uterine contractions compress the
fetal head against the maternal pelvis with such force that fetal intra-
cranial pressure exceeds cerebral perfusion pressure, reducing intra-
cranial blood flow to the point of regional cerebral ischemia, focal
hypoxic-ischemic brain injury, and cerebral palsy (CP). Descriptive
studies have reported that fetal head pressures during uterine contrac-
tions can be more than twice as high as intraamniotic pressures [45].
Other studies have demonstrated changes in fetal cerebral perfusion
pressure, cerebral blood flow, and cerebral oxygen consumption dur-
ing fetal head pressure [46-48]. However, no published Level I or
Level II evidence has demonstrated that these changes translate to
histologic or clinical evidence of neurologic injury. On the contrary,
observations in fetal sheep suggest that the reflex Cushing response
to head compression may be protective against such injury [49,50].
Level II evidence, in the form of case-control studies, has identified
several perinatal risk factors for CP, including prematurity, infection,
hemorrhage, maternal thyroid disease, and congenital malformations.
However, no Level I or II evidence has demonstrated a link between
any measure of uterine activity and the later development of CP. The



138 Chapter 5

notion that localized fetal brain injury can be caused by the mechani-
cal forces of labor is further challenged by Level Il evidence from a
large cohort study including more than 380,000 spontaneous vaginal
deliveries and more than 33,000 cesarean deliveries without labor
[51]. Neonates exposed to uterine contractions and maternal expul-
sive efforts of sufficient frequency, intensity, and duration to result
in spontaneous vaginal delivery had no higher rates of mechanical
brain injury, in the form of intracranial hemorrhage, than did neonates
who were exposed to no uterine contractions. No analytic evidence in
the literature has identified any objective measure of uterine activity
or maternal expulsive effort as a risk factor for CP. On the contrary,
analytic studies have failed to identify an association between uter-
ine activity and CP, much less as a causal relationship. A systematic
review of the literature regarding intrapartum fetal head compres-
sion concluded that “fetal intracranial pressure is well protected from
extracranial forces. Available data do not support intrapartum fetal
extracranial pressure as a cause of fetal brain injury” [52]. Finally,
there is no evidence in the literature that this hypothetical mecha-
nism of injury could be prevented or mitigated by any known obstet-
ric intervention. In the absence of supporting scientific evidence, this
theory should not be used as a foundation for intrapartum manage-
ment decisions.

Prediction and Prevention of Fetal Stroke

An extension of the theory just described is the notion that FHR and
uterine activity monitoring can be used to predict and prevent peri-
natal arterial ischemic stroke (PAIS). A meta-analysis of four stud-
ies reported a possible relationship between abnormal intrapartum
FHR patterns and the later diagnosis of PAIS [53]. One of the four
studies included only preterm deliveries, did not specify the FHR
“abnormalities” that were observed in the control and study groups,
and did not control for known confounding factors such as base-
line rate; presence or absence of moderate variability; presence or
absence of accelerations; or the type, number, duration, or frequency
of FHR “abnormalities” [54]. The other three studies included only
term deliveries, and none of these demonstrated an independent link
between FHR abnormalities and PAIS [55-57]. There is no published
evidence supporting a causal relationship between FHR abnormali-
ties and PAIS at any gestational age. There is no published evidence
that intrapartum electronic fetal monitoring or uterine activity moni-
toring is capable of detecting or predicting PAIS or that any form
of obstetric intervention is capable of preventing PAIS. There is no
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Level I or II evidence linking PAIS independently with any mea-
sure of uterine activity or labor duration [12]. This is consistent with
the 2007 consensus report of the National Institute of Neurologic
Disorders and Stroke and the NICHD, which concluded that “there
are no reliable predictors of perinatal ischemic stroke upon which to
base prevention or treatment strategies” [19].

The “Fetal Reserve Index”

Some authors have suggested that intrapartum fetal brain injury can
be predicted by a proprietary scoring system including maternal and
fetal risk factors and certain features of FHR and uterine activity [58].
The authors named their scoring system the “Fetal Reserve Index,”
and claimed that it identified intrapartum fetal neurologic injury better
than a Category III FHR pattern. However, their study did not include
a matched control group, did not standardize the diagnosis of intrapar-
tum neurologic injury, did not attempt to ascertain neurologic outcomes
in the controls, and failed to control for significant confounding and
ascertainment bias in the identification of “cases.” Studies of the Fetal
Reserve Index do not include Level I or Level 11 scientific evidence, and
they do not permit meaningful conclusions regarding the relationship
between maternal—fetal observations and subsequent neurologic out-
comes. In the absence of such evidence, the Fetal Reserve Index should
not be used as the basis for critical decisions regarding obstetric care.

SUMMARY

The three basic elements of FHR monitoring are (1) definitions, (2)
interpretation, and (3) management. A standardized, evidence-based
approach to each element facilitates effective communication, pro-
motes patient safety, and helps ensure optimal outcomes.

Standardized definitions have been endorsed by all major profes-
sional organizations in the United States representing providers of
obstetric care. The simple agreement to adopt a common language sets
the stage for the next essential step. Standardized FHR interpretation
requires a critical assessment of the scientific evidence underlying the
relationships between FHR patterns and fetal physiology. This chapter
has reviewed in detail the relationships between specific FHR patterns
and fetal physiology with particular emphasis on evidence-based inter-
pretation. Regarding the relationship between FHR patterns and fetal
oxygenation, evidence-based FHR interpretation can be distilled into
two basic concepts. These concepts are illustrated in Fig. 5.17.

The concepts developed in this chapter form the basis of system-
atic management of FHR patterns discussed in Chapter 6.
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Intrapartum Management of
the Fetal Heart Rate Tracing

hapters 2 and 4 provided the physiologic basis for fetal heart rate

(FHR) monitoring and evaluation of uterine activity. Chapter 5
reviewed the standardized National Institute of Child Health and
Human Development (NICHD) definitions and introduced an evi-
dence-based approach to the interpretation of FHR patterns. This
chapter incorporates those previously developed concepts and pres-
ents a systematic, comprehensive, and multidisciplinary approach to
management of intrapartum FHR tracings.

FUNDAMENTAL PRINCIPLES

As introduced in Chapter 5, fetal oxygenation involves the trans-
fer of oxygen from the environment to the fetus along the oxygen
pathway, and the potential consequences of interruption of this
pathway. Two central principles of evidence-based FHR interpre-
tation provide the foundation for a systematic approach to FHR
management. Fig. 6.1 illustrates these principles. They are as
follows:
1. All clinically significant decelerations (late, variable, prolonged)
reflect interruption of the oxygen pathway at one or more points
2. Moderate variability and/or accelerations reliably exclude ongo-
ing hypoxic injury at the time they are observed.

A standardized approach to intrapartum FHR management does
not replace individual clinical judgment. On the contrary, standard-
ized intrapartum FHR management is intended to encourage the
timely application of individual clinical judgment and to serve as a
systematic reminder of potential sources of preventable error in an
effort to optimize outcomes and minimize risk. The model described
in this chapter uses the standardized FHR definitions and categories
proposed by the NICHD in 2008 [1]. It does not include adjunctive
tests of fetal status such as fetal scalp blood sampling, fetal pulse
oximetry, and fetal ST segment analysis that are currently unavail-
able for general clinical use in the United States. These techniques
are reviewed at the end of the chapter.
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Fig. 6.1 Two central principles of intrapartum fetal heart rate
interpretation.

Standard of Care

The standard of care mandates that practitioners provide patient care
that is reasonable. Reasonableness derives from credibility, which in
turn is founded on factual accuracy and the ability to articulate a clear
and understandable rationale for the care that is proposed. Standard
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definitions and interpretation help ensure factual accuracy. A standard-
ized approach to management provides a framework for organized,
evidence-based planning that can minimize variation, reduce the poten-
tial for preventable error, and be articulated clearly and understandably.

Confirm Fetal Heart Rate and Uterine Activity

Reliable information is vital to the success of intrapartum FHR monitor-
ing. Therefore the first step in standardized management is to confirm
that the monitor is recording the FHR and uterine activity accurately
(Fig. 6.2). If external monitoring is not adequate for definition and inter-
pretation, a fetal scalp electrode and/or intrauterine pressure catheter
might provide useful information. Under certain circumstances, the FHR
monitor can inadvertently record the maternal heart rate. For example,
if the fetus is not alive, an internal fetal scalp electrode will record the
maternal heart rate. An external Doppler device can record the maternal
heart rate even if the fetus is alive. Particularly in the setting of maternal
tachycardia, the maternal heart rate can appear deceptively similar to a
normal FHR. At times the monitor can alternately record the fetus and
the mother. When switching from one to the other, the tracing does not
necessarily demonstrate discontinuity; therefore continuity of the tracing
alone should not be relied on to exclude this phenomenon. Unless the
monitor is recording the FHR, it cannot provide information regarding
the condition of the fetus. Thus it is essential to distinguish between the
heart rates of the mother and the fetus. If there is any question, consider
other methods such as ultrasound, palpation of the maternal pulse, fetal
scalp electrode, or maternal pulse oximetry.

Evaluate Fetal Heart Rate Components

Thorough, systematic evaluation of an FHR tracing includes assess-
ment of uterine contractions along with the FHR components defined
by the NICHD: baseline rate, variability, accelerations, decelera-
tions, sinusoidal pattern, and changes or trends in the tracing over
time. The 2008 NICHD consensus report defined three categories of
FHR tracings as summarized in Table 6.1 [1]. If all FHR components
are normal (Category I), then the FHR tracing reliably predicts the
absence of fetal metabolic acidemia and ongoing hypoxic injury. The
American College of Obstetrics and Gynecology (ACOG) Practice
Bulletin 106 and ACOG American Academy of Pediatrics (AAP)
Guidelines for Perinatal Care recommend that, in low-risk patients,
the FHR tracing should be reviewed at least every 30 minutes during
the active phase of the first stage of labor and at least every 15 minutes
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TABLE 6.1 Three-Tier Fetal Heart Rate Classification System

Category |
Normal FHR tracing includes all of the following:
Baseline rate: 110-160 bpm
Baseline FHR variability: moderate
Accelerations: present or absent
Late or variable decelerations absent
Early decelerations present or absent
Category Il
Indeterminate  Includes all FHR tracings not assigned to Categories | or llI
Category il
Abnormal FHR tracing includes at least one of the following:
Absent variability with recurrent late decelerations
Absent variability with recurrent variable decelerations
Absent variability with bradycardia for at least 10 minutes
Sinusoidal pattern for at least 20 minutes

FHR, fetal heart rate.

Adapted from G.A. Macones et al., The 2008 National Institute of Child
Health and Human Development workshop report on electronic fetal moni-
toring: update on definitions, interpretation, and research guidelines, Obstet.
Gynecol. 112 (2008) 661-666.

during the second stage [2,3]. In high-risk patients, the FHR tracing
should be reviewed at least every 15 minutes during the active phase
of'the first stage of labor and at least every 5 minutes during the second
stage (see Fig. 6.2). As reasonably feasible, nursing documentation
should comply with hospital policies and procedures. Physician and
midwife documentation should be performed periodically. The timing
and content of documentation should be guided by the clinical scenario
and reasonable clinical judgment. Documentation and risk manage-
ment issues are discussed in detail in Chapter 10.

A Standardized “ABCD” Approach to Fetal Heart
Rate Management

As reviewed in previous chapters, FHR tracings in Category I reflect
normal fetal oxygenation. If assessment of FHR components indicates
that the tracing is not Category I, further evaluation is warranted. A prac-
tical, systematic “ABCD” approach to management is as follows:

A: Assess the oxygen pathway (and consider other possible causes of

FHR changes)

B: Begin conservative corrective measures as needed

C: Clear obstacles to rapid delivery

D: Delivery plan

This approach is summarized in Table 6.2.
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A: Assess the Oxygen Pathway and Consider
Other Causes of Fetal Heart Rate Changes

Rapid, systematic assessment of the pathway of oxygen transfer
from the environment to the fetus can identify potential sources of
interrupted oxygenation. Assessment of the maternal lungs can be as
simple as checking the respiratory rate. The heart and the vasculature
usually can be assessed by checking the maternal pulse and blood
pressure. Uterine activity can be assessed by palpation or by review
of the information obtained from a tocodynamometer or intrauter-
ine pressure catheter. In the appropriate clinical setting, evaluation
for the possibility of uterine rupture may be warranted. The possi-
bility of placental separation can be assessed by checking for vagi-
nal bleeding. Finally, the possibility of umbilical cord prolapse can
be assessed by visual examination or by a vaginal examination. If
rapid evaluation of these steps suggests that further investigation is
warranted, it should be undertaken as deemed necessary. Chapter 5
identified a number of maternal and fetal factors that can influence
the appearance of the FHR tracing by mechanisms other than inter-
ruption of fetal oxygenation (Box 6.1). If the FHR changes are
thought to be caused by any condition not directly related to fetal
oxygenation, then individualized management should be directed at
the specific cause. Enhancement of fetal oxygenation cannot reason-
ably be expected to resolve FHR abnormalities that are not related
to oxygenation. For example, supplemental oxygen, maternal posi-
tion changes, and intravenous fluid boluses are unlikely to correct

BOX 6.1 Causes of Fetal Heart Rate Changes Not Directly
Related to Fetal Oxygenation

Maternal

= Fever

= |nfection

= Medication

= Hyperthyroidism
Fetal

Sleep cycle

Infection

Anemia

Arrhythmia

Heart block
Congenital anomaly
Preexisting neurologic injury
Extreme prematurity
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fetal tachycardia that is secondary to fetal arrhythmia or severe
fetal anemia caused by parvovirus infection or Rh isoimmunization.
Corrective interventions for conditions such as fetal arrhythmias or
severe fetal anemia can be extremely complex and usually require
subspecialty consultation. Diagnosis and management of conditions
such as these is beyond the scope of this chapter.

B: Begin Corrective Measures as Indicated

At each point along the oxygen pathway, conservative corrective
measures are initiated, if indicated, to optimize fetal oxygenation (see
Table 6.2). Scientific evidence supporting the efficacy of each of these
measures is detailed in an excellent review by Simpson and James [4].
These conservative corrective measures are summarized next.

Supplemental Oxygen

Fetal oxygenation is dependent on the oxygen content of maternal blood
perfusing the intervillous space of the placenta, as discussed in Chapter 2.
Administration of supplemental oxygen increases the Po, of inspired air,
increasing both the partial pressure of oxygen dissolved in maternal blood
and the amount of oxygen bound to hemoglobin. This can increase the
oxygen concentration gradient across the placental blood-blood barrier
and lead to increased fetal Po, and oxygen content. Several studies have
reported resolution of FHR decelerations after administration of supple-
mental oxygen to the mother, providing indirect evidence of improved
fetal oxygenation [4]. Direct evidence is provided by fetal pulse oximetry
studies demonstrating increased fetal hemoglobin saturation after mater-
nal administration of oxygen. Although the optimal method and duration
of oxygen administration have not been established definitively, available
data support the use of a nonrebreather face mask to administer oxygen at
arate of 10 L/min for approximately 15 to 30 minutes [4].

Maternal Position Changes

There are sound physiologic reasons to avoid the supine position
during labor. Supine positioning increases the likelihood that pres-
sure on the inferior vena cava will impair venous return, cardiac out-
put, perfusion of the uterine, and perfusion of the intervillous space
of the placenta. It also increases the likelihood that pressure on the
descending aorta and/or iliac vessels will impede the delivery of
oxygenated blood to the uterus and placenta. Prospective fetal pulse
oximetry data confirm that maternal left or right lateral positioning
results in higher fetal hemoglobin saturation levels than does supine
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positioning [4]. In the setting of suspected umbilical cord compres-
sion, maternal position changes may result in fetal position changes
and relief of pressure on the umbilical cord.

Intravenous Fluid Administration

Optimal uterine perfusion depends on optimal cardiac output and
intravascular volume. Normal blood pressure does not necessarily
reflect optimal intravascular volume, venous return, preload, or cardiac
output. An intravascular bolus of isotonic fluid can improve cardiac
output not only by increasing circulating volume but also by increas-
ing venous return, left ventricular end diastolic pressure, ventricular
preload, and, ultimately, stroke volume in accordance with the Frank—
Starling mechanism. In this way, a relatively small increase in intravas-
cular volume can have a significant effect on cardiac output and uterine
perfusion. An intravenous fluid bolus of 500 to 1000 mL can result in
improved fetal oxygenation even in an apparently euvolemic patient
[4]. Excessive fluid administration can have serious consequences, and
caution must be exercised in patients at risk for volume overload, pul-
monary edema, or both. The optimal rate of intravenous fluid admin-
istration during labor has not been established definitively. Potential
maternal and fetal complications argue against routine administration
of large-volume intravenous boluses of glucose-containing fluids.

Correct Maternal Blood Pressure

A number of factors predispose laboring women to transient episodes
of hypotension. These include inadequate hydration, insensible fluid
losses, supine position resulting in compression of the inferior vena
cava, decreased venous return and reduced cardiac output, and periph-
eral vasodilation caused by sympathetic blockade during regional
anesthesia. Maternal hypotension can reduce uterine perfusion and
fetal oxygenation. Hydration and lateral or Trendelenburg positioning
usually correct the blood pressure. If these measures do not achieve
the desired result, medication may be necessary. Ephedrine is a sym-
pathomimetic amine with weak o- and -agonist activity. The primary
mechanism of action is the release of norepinephrine from presynaptic
vesicles, resulting in stimulation of postsynaptic adrenergic receptors.
Ephedrine has no known adverse effect on fetal outcome.

Reduce Uterine Activity

As discussed in previous chapters, excessive uterine activity is a
common cause of interrupted fetal oxygenation. It is also a common
source of medicolegal liability. Clinicians have used a number of
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terms to describe excessive uterine activity. Examples include Ayper-
stimulation, hypercontractility, tachysystole, hypertonus, and tetanic
contraction. These terms are defined inconsistently in the literature
and are used inconsistently by clinicians. The 2008 NICHD consen-
sus statement recommended using the term tachysystole to describe
uterine contraction frequency in excess of five contractions in
10 minutes averaged over 30 minutes [1]. Normal contraction fre-
quency is defined as five or fewer contractions in 10 minutes aver-
aged over 30 minutes. The report specifically noted that other
features of uterine activity are clinically important as well, including
contraction duration, intensity, resting tone, and time between con-
tractions. For the purposes of FHR management, if an abnormal FHR
pattern is thought to be related to excessive uterine activity, options
include position changes, intravenous hydration, reduction in dose or
discontinuation of uterine stimulants, and/or administration of uter-
ine relaxants. The evaluation and management of uterine activity are
discussed in detail in Chapter 4.

Alter Second-stage Pushing Technique

During the second stage of labor, maternal expulsive efforts can be
associated with FHR decelerations. Suggested corrective approaches
include open-glottis rather than Valsalva-style pushing, fewer push-
ing efforts per contraction, shorter individual pushing efforts, push-
ing with every other or every third contraction, and, in patients with
regional anesthesia, pushing only with perceived urge [4].

Amnioinfusion

Intrapartum amnioinfusion involves infusion of isotonic fluid through
an intrauterine catheter into the amniotic cavity to restore the amni-
otic fluid volume to normal or near-normal levels. The procedure is
intended to relieve intermittent umbilical cord compression, variable
FHR decelerations, and transient fetal hypoxemia and to dilute thick
meconium in an attempt to prevent meconium aspiration syndrome.
Amnioinfusion performed for the indication of oligohydramnios and
umbilical cord compression can reduce the occurrence of variable
decelerations and lower the rate of cesarean delivery. It has no known
effect on late decelerations. Routine amnioinfusion for meconium-
stained amniotic fluid without variable decelerations is not recom-
mended by ACOG [5]. A procedure for amnioinfusion is described
in Appendix A. A systematic approach to FHR management does not
require the use of all of these measures in every situation. It simply
helps to ensure that important considerations are not overlooked and
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that decisions are made in a timely manner. In addition, it provides a
framework to help clinicians articulate a thoughtful, organized plan
of management, a key element of reasonableness and the standard
of care.

Reevaluate the Fetal Heart Rate Tracing

After assessing the oxygen pathway and beginning corrective mea-
sures that are deemed appropriate, the tracing is reevaluated. The
time frame for reevaluation is based on reasonable clinical judgment
and usually ranges from 5 to 30 minutes, in accordance with ACOG-
AAP guidelines [2,3]. If the FHR tracing returns to Category I,
continued surveillance is likely appropriate. The decision to perform
routine or heightened surveillance is based on reasonable clinical
judgment, taking into account the entire clinical situation. If the FHR
tracing progresses to Category III despite appropriate conservative
corrective measures, delivery is usually expedited. Tracings that
remain in Category II warrant additional evaluation. Category II is
extremely broad. It includes some FHR tracings for which continued
surveillance may be appropriate; however, it also includes some trac-
ings that may require preparations for rapid delivery. If a Category 11
FHR tracing reveals clinically insignificant interruption of fetal
oxygenation (absent or infrequent decelerations) and excludes fetal
metabolic acidemia and ongoing hypoxic injury (moderate variabil-
ity and/or accelerations), continued surveillance likely is reasonable.
Category II tracings that do not meet these criteria require further
measures. If there is any question regarding the clinical significance
of any decelerations, the presence of moderate variability or the pres-
ence of accelerations, the safest and easiest approach is to take the
next step in the ABCD management model.

C: Clear Obstacles to Rapid Delivery

If conservative corrective measures do not result in moderate vari-
ability (and/or accelerations) and resolution of clinically significant
decelerations, it is prudent to plan ahead for the possible need for
rapid delivery. Planning ahead does not constitute a commitment to
a particular time or method of delivery. Instead, it serves as a sys-
tematic reminder of common sources of unnecessary delay so that
important factors are not overlooked and decisions are made in a
timely manner. This can be accomplished by systematically gather-
ing necessary information and communicating proactively with other



Intrapartum Management of the Fetal Heart Rate Tracing 157

members of the team. Potential sources of unnecessary delay can be
grouped into five major categories. Organized in nonrandom order,
from largest to smallest, these five categories include the facility,
staff, mother, fetus, and labor. Table 6.2 identifies some examples
of potential sources of unnecessary delay at each level. Standardized
intrapartum FHR management does not mandate that each of these
measures is performed. It simply provides a practical checklist of
factors to consider under common circumstances. The checklist
approach promotes team communication, encourages timely deci-
sion-making, and minimizes preventable errors.

D: Delivery Plan

After appropriate conservative measures have been implemented, it
is sensible to take a moment to estimate the time needed to accom-
plish delivery in the event of a sudden deterioration of the FHR trac-
ing. The anticipated decision-to-delivery time must be taken into
consideration when weighing the risks and benefits of continued
expectant management versus expeditious delivery. This step can be
facilitated by systematically considering individual characteristics of
the facility, staff, mother, fetus, and labor (see Table 6.2).

Management steps A, B, C, and D are largely uncontroversial.
They are readily amenable to standardization and represent the
majority of decisions that must be made during labor. However, once
they are exhausted, further management decisions rely on the reason-
able clinical judgment of the care provider who is ultimately respon-
sible for the timing and method of delivery.

Expectant Management Versus Delivery

If conservative measures are unsuccessful, the clinician must
decide whether to await spontaneous vaginal delivery or to expe-
dite delivery by other means. This decision demands reasonable
clinical judgment, weighing the estimated time until vaginal deliv-
ery against the estimated time until the onset of potential injury. In
2013 Clark and colleagues proposed a standardized approach to
the management of persistent Category II FHR tracings [6]. The
authors recommended that, in the setting of moderate variability
or accelerations and normal progress in the active phase or second
stage of labor, expectant management with close observation is rea-
sonable in most cases, regardless of the presence of decelerations.
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One exception is a prolonged deceleration, which requires prompt
evaluation and intervention. Another is the setting in which vaginal
bleeding and/or previous cesarean delivery(ies) introduce the risks
of placental abruption or uterine rupture. If moderate variability and
accelerations are absent and recurrent significant decelerations fail
to respond to corrective measures for approximately 30 minutes,
the algorithm suggests that delivery should be considered regard-
less of the stage of labor. If moderate variability and accelerations
are absent without recurrent decelerations, the authors recom-
mended consideration of delivery after approximately 60 minutes.
These recommendations reflect the consensus of 18 authors regard-
ing one reasonable approach to persistent Category II FHR pat-
terns. No single approach to such patterns has been demonstrated
to be superior to all others. However, there is a growing body of
evidence supporting the concept that the adoption of one appropri-
ate management plan, by virtue of standardization alone, will yield
results superior to those achieved by random application of several
individually equivalent approaches [6].

In 2018, Shields and colleagues described a standardized algo-
rithm for the management of Category II FHR tracings with recur-
rent “significant” FHR decelerations [7]. Significant decelerations
were defined as late decelerations, prolonged decelerations, or
variable decelerations lasting at least 60 seconds and reaching a
nadir of <60 bpm, or at least 60 bpm below baseline. Six hospitals
in a large health system participated in a cohort study comparing
maternal and neonatal outcomes before and after the introduction
of a standardized management algorithm. Fetal monitor tracings
that demonstrated moderate (or marked) variability and significant
decelerations with >50% of contractions for 30 minutes were man-
aged as follows. If cervical dilation was <4 cm and recurrent decel-
erations did not resolve with conservative corrective measures,
delivery was accomplished. If cervical dilation was >4 cm, labor
was permitted to continue only in the presence of normal progress.
Normal labor progress in the first stage was defined as cervical dila-
tion >1 cm/hr. Normal labor progress in the second stage required
descent with pushing, and the total duration of the second stage was
limited to 90 minutes. If criteria for normal labor progress were
not met, delivery was warranted. If the FHR tracing demonstrated
a persistent pattern of minimal-absent variability, delivery was
indicated regardless of labor progress. Before introduction of the
standardized management algorithm, the rate of primary cesarean
birth among eligible deliveries was 19.8%. After introduction of
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the standardized algorithm, the rate of primary cesarean birth was
18.3%, a statistically significant difference (P < 0.05). Introduction
of the algorithm was associated with a statistically significant
reduction in low 5-minute Apgar scores (from 2.3% to 1.7%). In
addition, the authors reported a statistically significant reduction
(from 1.6% to 1.2%) in severe newborn complications, defined as a
composite of severe respiratory complications, sepsis, birth trauma,
neonatal shock, or neurologic injury. During the same time period,
the 23 hospitals that did not use the standardized management algo-
rithm experienced a reduction in primary cesarean births from 19%
to 18.2% (P = 0.02), but no improvements in Apgar scores or new-
born complications. Importantly, the authors noted that nearly 98%
of screened patients were managed according to the recommenda-
tions of the algorithm. If the results of this study can be replicated
in other clinical settings, they may provide valuable guidance in
the management of some of the most difficult FHR tracings. In the
meantime, it seems reasonable to consider adopting more conserva-
tive expectations for normal labor progress, such as those described
in this study, in a subset of patients with significant recurrent decel-
erations or minimal-absent variability that persist despite appropri-
ate conservative corrective measures.

In the setting of a persistent Category II FHR tracing, a com-
mon, preventable error in management is to postpone a difficult
decision in the hope that the situation will resolve on its own. It is
highly advisable in this setting to resist the urge to delay an indi-
cated decision. Instead, the clinician should use discipline and indi-
vidual clinical judgment to make and document a plan based on
the best information available. If the clinician decides to expedite
delivery, the rationale should be documented, and the plan should
be implemented. If the clinician decides to continue to wait for
vaginal delivery, the rationale and plan should be documented, and
the decision should be revisited after a reasonable period of time. It
is critical to recognize that, both medically and legally, “deciding
to wait” is distinctly different from “waiting to decide.” The former
reflects the application of clinical judgment, whereas the latter can
be construed as procrastination. As long as reasonable judgment is
exercised, “deciding to wait” is likely to be defensible. “Waiting to
decide,” however, puts the clinician in the difficult position of try-
ing to explain why he or she neglected to make a medically neces-
sary decision in a timely fashion.

The standardized management algorithms detailed in this chap-
ter summarize an organized, systematic framework that can help
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clinicians at all levels of training and experience formulate a care
plan that is factually accurate and articulate.

OTHER METHODS OF FETAL MONITORING

One of the major shortcomings of electronic fetal monitoring is a high
rate of false-positive results. Even the most abnormal patterns are
poorly predictive of neonatal morbidity. This has led to exploration
of alternative methods of evaluating fetal status, including fetal scalp
pH determination, scalp stimulation or vibroacoustic stimulation, com-
puter analysis of FHR, fetal pulse oximetry, and ST segment analysis.
In assessing the immediate condition of the newborn, umbilical cord
acid-base determination is an adjunct to the Apgar score.

Intrapartum Fetal Scalp pH and Lactate
Determination

Intermittent sampling of scalp blood for pH determination was
described in the 1960s and studied extensively in the 1970s.
However, its use has been limited by many factors, including the
requirements for cervical dilation and membrane rupture, technical
difficulty of the procedure, the need for serial pH determinations,
and uncertainty regarding interpretation and application of results.
It is used infrequently in the United States but remains a common
practice in many other countries. A meta-analysis revealed that fetal
scalp lactate determination was accomplished successfully more fre-
quently than scalp pH determination. However, there were no differ-
ences in maternal, fetal, neonatal, or infant outcomes [8].

Fetal Scalp Stimulation and Vibroacoustic
Stimulation

A number of studies in the 1980s reported that an FHR acceleration
in response to fetal scalp stimulation or vibroacoustic stimulation
was highly predictive of normal scalp blood pH [9-15]. A literature
review and meta-analysis by Skupski and colleagues confirmed the
utility of various methods of intrapartum fetal stimulation, including
scalp puncture, atraumatic stimulation with an Allis clamp, vibro-
acoustic stimulation, and digital stimulation [16]. It is crucial for
clinicians to recognize that fetal scalp stimulation and vibroacoustic
stimulation are diagnostic tools used to provoke FHR accelerations
to exclude the presence of fetal metabolic acidemia and ongoing fetal
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hypoxic injury. As noted previously, fetal stimulation procedures
should be performed at times when the FHR is at baseline. Neither
fetal scalp stimulation nor vibroacoustic stimulation is intended for
use during FHR decelerations or bradycardia.

Computer Analysis of Fetal Heart Rate

Subjective interpretation of FHR tracings by visual analysis has been
hampered by inconsistency and imprecision. In an attempt to over-
come this limitation, Dawes and others derived a system of numeric
analysis of FHR [17]. Computer analysis of intrapartum FHR records
has been reported to be more precise than visual assessment [18,19].
However, intrapartum computer analysis has not been shown to
improve prediction of neonatal outcome. Keith and colleagues
reported the results of a multicenter trial of an intelligent computer
system using clinical data in addition to FHR data [20]. In 50 cases
analyzed, the system's performance was indistinguishable from that
of 17 expert clinicians. The authors reported that the system was
highly consistent, recommended no unnecessary intervention, and
performed better than all but two of the experts.

Fetal Pulse Oximetry

Intrapartum reflectance fetal pulse oximetry is a modification of trans-
mission pulse oximetry that indirectly measures the oxygen saturation
of hemoglobin in fetal blood. An intrauterine sensor placed in contact
with fetal skin uses the differential absorption of red and infrared light
by oxygenated and deoxygenated fetal hemoglobin to provide continu-
ous estimation of fetal oxygen saturation. A number of studies have
examined the utility of intrapartum fetal pulse oximetry [21-32].

Although the technology appears to reduce the incidence of
cesarean delivery for fetal indications, no consistent effect on over-
all cesarean rates or newborn outcomes has been demonstrated. The
results of a number of randomized trials led the manufacturer to
announce that it would no longer distribute the sensors, effectively
withdrawing the product from the market.

ST Segment Analysis

Study of the fetal electrocardiogram produced promising initial
results. In sheep, FHR decelerations that accompanied hypoxemia
were associated with characteristic changes in the fetal P-R interval.
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In 2000 Strachan and colleagues compared standard electronic
fetal monitoring with electronic fetal monitoring plus P-R interval
analysis in 1038 women [33]. The groups demonstrated statisti-
cally similar rates of operative intervention for presumed fetal dis-
tress and no differences in newborn outcomes. The ST segment of
the fetal electrocardiogram represents myocardial repolarization.
Myocardial hypoxia can lead to elevation of the ST segment and T
wave secondary to catecholamine release, f-adrenoceptor activa-
tion, glycogenolysis, and tissue metabolic acidosis [34,35]. These
observations have led to the development of technology to analyze
the fetal electrocardiogram plus the ST waveform (STAN; Neoventa
Medical, Géteborg, Sweden) [29,36]. One randomized trial in 2434
patients demonstrated a 46% reduction in operative intervention for
fetal distress when ST segment analysis was added to standard elec-
tronic fetal monitoring [37]. Operative interventions for dystocia and
other indications were not increased. Fewer cases of metabolic aci-
demia and low 5-minute Apgar scores were observed in the group
with electronic fetal monitoring plus ST segment analysis; however,
these differences did not reach statistical significance. Another trial
using newer technology included 4966 women randomized to elec-
tronic fetal monitoring alone versus electronic fetal monitoring plus
ST segment analysis [36]. When analyzed according to intention to
treat, the incidence of umbilical artery acidemia was 53% lower in
the electronic fetal monitoring plus ST segment analysis group. In
the electronic fetal monitoring plus ST segment analysis group, the
incidence of cesarean delivery for fetal distress was 8%, compared
with 9% in the group monitored with electronic fetal monitoring
alone (P =0.047). After excluding patients with inadequate FHR
recordings and fetal malformations, these differences were slightly
more pronounced.

A meta-analysis of four studies, including 9829 women, con-
cluded that adjunctive ST segment analysis was associated with
significantly fewer cases of severe metabolic acidemia at birth,
fewer cases of neonatal encephalopathy, and fewer operative vagi-
nal deliveries [38]. There were no significant differences in cesar-
ean delivery rates, low 5-minute Apgar scores, or neonatal intensive
care unit (NICU) admissions. One large multicenter trial random-
ized 5681 women to intrapartum electronic FHR monitoring alone
versus electronic monitoring plus ST segment analysis [39]. No
significant difference was observed in the primary outcome of
metabolic acidosis, defined as an umbilical artery pH <7.05 with a
base deficit of >12 mmol/L in the extracellular fluid. In the group
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with electronic monitoring plus ST analysis, there were statistically
fewer cases of fetal blood sampling during labor (10.6% vs. 20.4%,
relative risk 0.52, 95% confidence interval 0.46-0.59), umbilical
artery pH <7.05 and base deficit >12 mmol/L (1.6% vs. 2.6%, rela-
tive risk 0.63, 95% confidence interval 0.42—0.97) and fewer cases
of umbilical artery pH <7.05 (1.9% vs. 2.7%, relative risk 0.67,
95% confidence interval 0.46-0.97). Total operative deliveries,
cesarean deliveries, and instrumented vaginal deliveries occurred
with statistically similar frequency in both groups. There were no
differences in operative deliveries for fetal distress. There were
no other statistically significant differences in newborn outcome.
The NICHD Maternal Fetal Medicine Units Network published
a Phase III trial of the STAN monitor as an adjunct to electronic
fetal monitoring in the United States. The multicenter trial random-
ized 11,108 women to undergo standard FHR monitoring with or
without ST segment analysis. There were no significant differences
between the two groups in the rates of operative vaginal deliv-
ery, cesarean delivery, NICU admission, meconium aspiration, or
shoulder dystocia. The authors concluded that the use of STAN as
an adjunct to conventional intrapartum electronic FHR monitoring
did not improve perinatal outcomes or decrease operative deliver-
ies in hospitals in the United States [40].

Umbilical Cord Blood Gas Analysis

Umbilical cord blood gas and pH assessment is a useful adjunct to
the Apgar score in assessing the immediate condition of the newborn.
There are no contraindications to obtaining cord gases.
ACOG [41] suggested obtaining cord gases in the following clini-
cal situations:
Cesarean delivery for fetal compromise
Low 5-minute Apgar score
Severe growth restriction
Abnormal FHR tracing
Maternal thyroid disease
Intrapartum fever
Multifetal gestations
Umbilical arterial values reflect fetal condition, whereas umbili-
cal venous values reflect placental function. Normal findings pre-
clude the presence of acidemia at, or immediately before, delivery.
Approximate normal values for cord blood are summarized in the
following chart [42—45].
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Approximate Normal Values for Cord Blood

Vessel pH Pco, Po, Base Deficit
Artery 7.2-7.3 45-55 15-25 <12
Vein 7.3-7.4 3545 25-35 <12

The base deficit reflects utilization of buffer bases to help stabi-
lize pH, usually in the setting of peripheral tissue hypoxia, anaero-
bic metabolism, and accumulation of lactic acid. An umbilical artery
pH <7.20 usually is considered to define acidemia. Note that a much
lower pH (7.0) is used to define the threshold of potential injury.

Acidemia is categorized as respiratory, metabolic, or mixed.
Isolated respiratory acidemia is diagnosed when the umbilical
artery pH is less than 7.20, the Pco, is elevated, and the base deficit
is <12 mmol/L. This reflects interrupted exchange of blood gases,
usually as a transient phenomenon related to umbilical cord com-
pression. Isolated respiratory acidemia is not associated with fetal
neurologic injury. Isolated metabolic acidemia is diagnosed when
the pH is less than 7.20, the Pco, is normal, and the base deficit is
at least 12 mmol/L. Metabolic acidemia can result from recurrent or
prolonged interruption of fetal oxygenation that has progressed to
the stage of peripheral tissue hypoxia, anaerobic metabolism, and
lactic acid production in excess of buffering capacity. Although most
cases of fetal metabolic acidemia do not result in injury, the risk is
increased in the setting of significant metabolic acidemia (umbilical
artery pH <7.0 and base deficit >12 mmol/L). Mixed (respiratory and
metabolic) acidemia is diagnosed when the pH is below 7.20, the
Pco, is elevated, and the base deficit is 12 mmol/L or greater. The
clinical significance of mixed acidemia is similar to that of isolated
metabolic acidemia. The types of acidemias (respiratory, metabolic,
or mixed) are summarized in the following chart.

Types of Acidemia

Value Respiratory Metabolic Mixed

pH? <7.20 <7.20 <7.20

Pco, Elevated Normal Elevated
Base deficit? <12 mmol/L >12 mmol/L >12 mmol/L

“Threshold for potentially significant metabolic acidemia: pH <7.0 and base deficit
>12 mmol/L.

The procedure for obtaining umbilical cord blood consists of
double-clamping a 10- to 20-cm segment of the umbilical cord
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immediately after delivery. A specimen should be drawn with a
I-mL plastic syringe that has been flushed with heparin solution
(1000 U/mL). Using separate syringes, draw blood from an umbili-
cal artery first and then from the umbilical vein.

SUMMARY

Progress toward consensus in FHR monitoring makes it possible
to construct a practical, standardized approach to FHR interpreta-
tion and management. The intrapartum FHR management model
described in this chapter is not intended to dictate actions that must
be taken in response to specific FHR patterns. Instead, it is intended
to serve as a reminder of common sources of preventable error and
an indicator of actions that should be considered to ensure that man-
agement decisions are made in a timely fashion. FHR definition,
interpretation, and management should be guided by a few basic
principles:

1. Simplicity is the key to consistent communication: Unnecessary
complexity predisposes to error.

2. “Deciding to wait” is distinctly different from “waiting to decide”:
The former reflects the application of clinical judgment; the latter
can be construed as procrastination.

3. The standard of care requires factual accuracy and the ability to
articulate clearly and understandably: Factual accuracy can be
achieved by adhering to standardized FHR definitions and inter-
pretation. A standardized “ABCD” approach to FHR manage-
ment provides a framework that can help clinicians articulate a
thorough, thoughtful, consistent plan of management.
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Influence of Gestational Age
on Fetal Heart Rate

linicians are increasingly reliant on electronic fetal monitoring

to identify fetal heart rate (FHR) characteristics that are demon-
strative of adequate oxygenation and specific patterns that represent
an oxygenation pathway interruption pointing to deterioration of the
fetal status. When changes in oxygenation occur, the fetus initiates
a physiologic defense to hypoxia to commence cardiorespiratory
and metabolic adaptations, which attempt to balance oxygen deliv-
ery with metabolic demand [1,2]. This highly organized sequence
of events includes acute compensation when there is maximal car-
diovascular response. This is followed by an adaptive response to
limit injury followed by subsequent slow decompensation to prevent
cardiovascular failure if adequate oxygenation is not restored [3].
Gestational age plays a significant role in this critical process. Refer
to Table 7.1 for definitions of gestational categories [4-6].

As pregnancy progresses through each trimester, a sophisticated
homeostatic process, with complex physiologic changes, leads to a
variety of FHR characteristics. These fluctuations are under the influ-
ence of basal sympathetic and parasympathetic tone, the central ner-
vous system, hormones, and fetal diurnal states [7]. A key element in
pattern interpretation is understanding how gestational age can influ-
ence FHR characteristics including baseline rate, variability, accelera-
tions, and the appearance of periodic and episodic changes. Regardless
of gestation, FHR patterns cannot be interpreted without a standard-
ized approach and a clear understanding of applicable gestational age
used for communication, data collection, and research purposes. This
chapter reviews available literature regarding physiologic characteris-
tics noted along the range of gestational ages with emphasis on fetal
monitoring data interpretation and assessment of fetal status.

THE PRETERM FETUS

Internationally, preterm birth (PTB) accounts for approximately
15 million infants being born before 37 weeks’ gestation [5]. This
includes spontaneous births and those that occur for medical or
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TABLE 7.1 Gestational Age Classifications

Preterm Less than 37 0/7 weeks’ gestation
Subcategories

Extremely preterm Less than 28 0/7 weeks’ gestation®
Very preterm 28-31 6/7 weeks’ gestation

Moderate preterm (may be further 32-36 6/7 weeks’ gestation
divided to include late preterm) 34-36 6/7 weeks’ gestation

Term 37 0/7 week'’s gestation and greater
Subcategories

Early term 37 0/7-38 6/7 weeks’ gestation

Full term 39 0/7-40 6/7 weeks' gestation
Late term 41 0/7-41 6/7 weeks’ gestation
Postterm 42 0/7 week’s gestation or more

2 Periviability is included in this subcategory and is defined as 20 0/7 to 25 6/7
weeks.

Adapted from American College of Obstetricians and Gynecologists,
Definition of Term Pregnancy (ACOG Committee Opinion No. 579), ACOG,
Washington, DC, 2013; World Health Organization. <https://www.who.int/
news-room/fact-sheets/detail/preterm-birth>; American College of Obstetricians
and Gynecologists and Society for Maternal-Fetal Medicine, Periviable birth
(Obstetric Care Consensus No. 6), Obstet. Gynecol. 130 (2017) e187-e199.

obstetric indications such as those associated with hypertension or
diabetes. Greater than 60% of PTBs occur in Africa and South Asia,
although the United States continues to remain one of the top 10
countries with the greatest prematurity rates [5]. Premature birth is
one of the leading causes of mortality in children aged 5 and under.
Among those who survive, there is an increased risk of short-term
problems attributed to immature organ systems [8]. There is a higher
likelihood of serious morbidities and severe life-long complications
and neurodevelopmental disabilities including cerebral palsy and
cognitive, behavioral, visual, and hearing problems [9,10].

Evidence of the pathogenesis of spontancous PTB remains
unclear. Contemporary literature is suggestive that PTB is a com-
plex syndrome with several, often interrelated, antecedents and
causes such as intraamniotic infection after preterm prelabor rupture
of membranes [8,11]. Preterm and term labor share a mutual path-
way related to cervical ripening and uterine activity that results in
birth [8,11]. This pathway is activated physiologically in term labor,
whereas several conditions or processes can activate one or more
elements along this route with preterm labor. An appreciation of the
complexity of FHR interpretation in this context is necessary when
making clinical management decisions. For example, when preterm
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labor is caused by an underlying infection, management of the FHR
may be different than a pattern that is interpreted in a pregnancy
complicated by uterine distention and hydramnios.

Preterm fetuses have the capacity to respond and adapt to hypoxic
challenges in accordance with the basic metabolic demands required
for growth and development [3]. However, compared with a term
fetus, a preterm fetus may have a remarkably different FHR response
to hypoxia or acidosis if there are underlying conditions such as
intrauterine growth restriction, making preterm fetuses susceptible
to potential injury [12—18]. This may be related to either an absent or
reasonably small fetal cardiovascular response caused by an imma-
ture autonomic nervous system or chemoreceptor sensitivity [19-23].
In addition, a normal FHR tracing displaying the absence of metabolic
acidemia may progress more quickly to a pattern with indeterminate
or abnormal FHR characteristics in a compromised preterm fetus
compared with a term fetus [8,24]. These findings underscore how
vital clinical expertise is when interpreting preterm FHR patterns.

Quantitative data are limited concerning preterm FHR charac-
teristics compared with the term fetus. In general, antepartum and
intrapartum FHR characteristics include the following:
= Baseline FHR frequently at the higher end of a normal range.
= Minimal variability may be observed in extremely preterm

fetuses, especially those considered periviable.
= Lower acceleration frequency and amplitude until approximately

32 week’s gestation.
= Variable decelerations with shorter depth and duration often unre-

lated to uterine contractions or periods of hypoxemia.

Baseline Fetal Heart Rate in the Preterm Fetus

The baseline FHR decreases as gestational age increases [25-29]. Ina
preterm fetus, a baseline rate close to 155 to 160 bpm can be normal.
This is caused by an immature fetal autonomic nervous system in
which the baseline FHR is the result of resistance between the para-
sympathetic and sympathetic systems [30]. With advancing gestation,
the parasympathetic system becomes more dominant, resulting in a
gradual decrease of the baseline [7]. A higher baseline rate must be
interpreted with caution because this may indicate progressive fetal
hypoxia, infection, or maternal pyrexia. Early studies found pre-
term fetal tachycardia to be more prognostic of acidemia, low Apgar
scores, and adverse neonatal outcomes compared with the term
fetus [30,31]. The combination of tachycardia and decelerations is
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a strong predictor of acidemia in the preterm fetus [32]. Tachycardia
(FHR baseline >160) should always be evaluated using a systematic
approach (described in Chapter 6) regardless of gestational age.

Baseline Variability in the Preterm Fetus

Similar to FHR baseline, variability within the baseline rate changes
with advancing gestational age [28,29,33]. In the preterm fetus vari-
ability may be less than the term fetus based on the immature vagal
and sympathetic branches of the autonomic nervous system [34-36].
The baseline variability typically increases with fetal growth, although
the exact amount has not been quantified in the literature.

Periodic and Episodic Heart Rate Changes in the
Preterm Fetus

Accelerations

Accelerations of the FHR in association with fetal movement begin in
the second trimester of pregnancy. These accelerations are a result of
the fetal somatic nervous system, which connects the central nervous
system to muscle, allowing the fetus to perform specific movements
and behaviors [24,37]. An FHR acceleration before 32 weeks’ gestation
is defined as an abrupt increase from the baseline of >10 bpm with
a duration of >10 seconds from onset to offset [38] (Fig. 7.1). Prior
to 32 weeks’ gestation the preterm fetus may not have the physiologic
maturity to generate accelerations that meet these criteria [39,40].
Similar to FHR baseline and variability, there is an increase in the num-
ber, amplitude, and duration of FHR accelerations, especially between
26 and 28 weeks’ gestation and 30 to 32 weeks’ gestation as the physi-
ologic mechanisms responsible for FHR accelerations mature [26,41].
After 32 weeks’ gestation FHR accelerations are defined as abrupt
increases from the baseline of at least >15 bpm, lasting >15 seconds
from onset to offset [38]. However, a number of fetuses with gestations
<32 weeks, particularly those after 24 to 26 weeks’ gestation, may meet
the criteria for >15 bpm lasting >15 seconds [42,43].

Decelerations

Between 20 and 30 weeks’ gestation, spontaneous decelerations
occur. Typically, these are variable decelerations and are charac-
teristically associated with fetal activity and the absence of uterine
contractions. These decelerations are generally minimal in depth and
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short in duration [37,40] (Fig. 7.2). During antepartum fetal surveil-
lance, variable decelerations have been observed in up to 50% of
nonstress tests [44]. There is no association with fetal compromise as
long as these decelerations do not become recurrent and are less than
30 seconds in duration [44,45]. Furthermore, these decelerations do
not require corrective measures. Comparatively, when three or more
variable decelerations are present in a 20-minute period during the
antepartum period, there is an increased risk of cesarean birth related
to these tracing findings [46]. If additional information is needed
regarding fetal status in the antepartum period, testing methods such
as a biophysical profile (BPP), contraction stress test, or Doppler flow
studies may be used. Refer to Chapter 9 for additional information.

Throughout labor in the preterm population, approximately 70%
of patients between 28 and 33 weeks’ gestation and 55% between 34
and 36 weeks’ gestation will have variable decelerations [30] com-
pared with an occurrence rate of 20% to 30% in the term pregnancy
[47]. There is speculation that preterm variable decelerations are
related to decreased amounts of Wharton’s jelly around the umbilical
cord, oligohydramnios, or an immature fetal myocardium leading to
reduced contractility of the heart [24].- Early decelerations are rarely
observed with the majority occurring in gestations over 35 weeks
[30]. Late decelerations do not occur more or less frequently in PTB,
but clinical conditions that are associated with late decelerations (i.e.,
fetal growth restriction in the setting of hypertension) are more likely
to occur in the preterm fetus.

This has the potential to cause adverse perinatal and neonatal out-
comes, including acidosis and long-term neurologic deficits [30,47].

Behavioral States in the Preterm Fetus

Many types of fetal behavior, such as the presence of fetal movement,
have been associated with a nonacidotic fetus. Spontaneous fetal
movement takes place by 7 to 8 weeks’ gestation [48,49]. Maternal
perception of fetal movement, referred to as quickening, occurs
sometime between 14 and 20 weeks [50]. Fetal activity becomes
more coordinated and defined by the third trimester as the central
nervous system matures [49,51,52]. Four fetal behavioral states have
been defined and verified by ultrasound [53,54]. These include quiet
sleep or quiescence, active sleep, quiet awake, and active awake. The
behavior and associated FHR patterns of each of these four states
are described in Table 7.2. The fetus may cycle among these states.
Prior to 32 weeks only periods of fetal activity and quiescence are
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TABLE 7.2

Fetal Behavioral States

State

Behavior

Associated FHR Pattern

1F: Quiet sleep or
quiescence

2F: Active sleep

3F: Quiet awake

4F: Active awake

Absence of REM

Infrequent body and
startle movement

Rhythmic fetal
breathing and
mouthing
movement

Frequent body
movement

Abrupt head and limb
movement

REM

Irregular fetal
breathing and
mouthing
movement

Infrequent to absent
body movement

REM

Irregular mouthing
movement

Continuous and
vigorous movement

REM

Irregular fetal
breathing and
mouthing
movement

Regular/stable FHR
baseline

Minimal to absent
variability

Rare accelerations with
FM

Wider variation in FHR
baseline

Minimal to moderate
variability

Frequent accelerations
with FM

Stable FHR baseline
Moderate variability
Absent accelerations

Unstable FHR baseline

Moderate to marked
variability

Frequent prolonged
accelerations fusing
into tachycardic rate

FHR, fetal heart rate; FM, fetal movement; REM, rapid eye movement.
Adapted from |.I. de Vries, G.H. Visser, E.]. Mulder, et al., Diurnal and other

variations in fetal movement and heart rate patterns at 20-22 weeks, Early
Hum. Dev. 15 (6) (1987) 33-348; C.B. Martin, Behavioral states in the human
fetus, ). Reprod. Med. 26(8) (1981) 425-432.

distinguishable. As the fetus matures quiet sleep and active sleep are
the dominant patterns [54,55].

Preterm Uterine Activity

Preterm uterine activity monitoring may be technically challeng-
ing. The smaller uterus may not accommodate effective place-
ment of both toco and ultrasound transducers. Low-amplitude,
high-frequency (LAHF) uterine contractions, frequently called
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uterine irritability, are not uncommon before term. LAHF con-
tractions have been defined as measuring <5 mm in amplitude on
the toco transducer and occurring at 1- to 2-minute intervals [56]
(Fig. 7.3). In most cases, these contractions are clinically benign;
however, occasionally LAHF may progress to preterm labor,
resulting in cervical effacement and dilation [57], or may signal
evolving placental abruption. Contractions that do not resolve
must be evaluated and treated in the context of the clinical pre-
sentation and FHR observations.

Short-Term Tocolytic Therapy and Effect on
Fetal Heart Rate

Tocolytics are medications that inhibit myometrial uterine activ-
ity. First-line tocolytic agents, such as prostaglandin synthase
inhibitors, calcium channel blockers, and beta-sympathetic
mimetics, may be given in the setting of acute preterm labor [58].
These medications often temporarily reduce or eliminate uterine
activity for a brief time, but do not remove or reverse the under-
lying etiology. Additionally, each tocolytic agent has efficacy
and safety issues. Therefore each drug’s effectiveness, maternal—
fetal and neonatal risks, and side effects should be considered
when selecting the appropriate medication [59]. Data support
short courses of tocolytics to assist with delaying birth for up to
48 hours, which allows for administration of antenatal corticoste-
roids to accelerate fetal lung maturation, magnesium sulfate for
fetal neuroprotection, and transport to a higher level of maternal—
fetal care [58-60]. There is no evidence to support that long-term
or maintenance tocolysis prevents PTB or has a favorable effect
on neonatal outcomes [58].

Indomethacin

Cyclooxygenase (COX), or prostaglandin synthase, is an enzyme
that physiologically converts arachidonic acid to prostaglandins,
which subsequently results in a coordinated uterine activity pattern
[59,60]. Indomethacin is the main prostaglandin synthase inhibitor
(also known as a COX inhibitor) and is used to inhibit prostaglandin
synthesis during preterm labor episodes. Typical dosing is a 50- to
100-mg loading dose administered orally or rectally followed by 25
to 50 mg every 4 to 6 hours [59]. Therapy is generally limited to
48 hours and is not recommended after 32 weeks’ gestation [59].
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The use of indomethacin beyond 48 hours is associated with fetal
adverse outcomes including, but not limited to, premature closure
or constriction of the ductus arteriosus and fetal renal insufficiency
resulting in oligohydramnios [61]. Therefore amniotic fluid volume
and fetal renal anatomy should be assessed before initiating therapy.
Treatment beyond 48 hours requires intensive surveillance of amni-
otic fluid volume and ductal flow [59]. If oligohydramnios develops,
the FHR tracing may demonstrate variable decelerations, reflecting
transient umbilical cord compression.

Nifedipine

Calcium channel blockers, such as nifedipine (Procardia), also may
be used as a first-line tocolytic agent. Pharmacokinetically, this med-
ication impairs calcium channels, inhibiting the inflow of calcium
into the smooth muscle cells. Along with other processes, this allows
for myometrial relaxation and decreased uterine activity [59,60].
The ideal oral dosing regimen for treatment of preterm labor has not
been established. The literature mentions initial dosing ranges from
10 to 40 mg followed by 10 to 20 mg every 4 to 6 hours, with titra-
tion based on the contraction pattern [62]. Maternal side effects are
related to smooth muscle relaxation, resulting in peripheral vasodila-
tion, which causes maternal hypotension and a compensatory rise
in heart rate and stroke volume. Peripheral dilation and maternal
hypotension can lead to hypoperfusion of the uterus and placenta
[63]. Any medication that reduces maternal blood pressure has the
potential to interfere with normal maternal perfusion of the intervil-
lous space. As discussed in Chapter 5, recurrent or sustained disrup-
tion of fetal oxygenation can result in FHR changes ranging from
decelerations to loss of variability, loss of accelerations, and changes
in baseline rate.

Beta-Mimetics (Beta-Agonists)

Beta-mimetics such as terbutaline (Brethine) continue to be used
in the preterm setting for tocolysis. The mechanism of action
includes acting as an agonist for beta-2 receptors that are found in
the smooth muscle. This tocolytic agent also stimulates the beta-2
receptors through a cyclic process leading to a decrease in intracel-
lular calcium, resulting in uterine quiescence [59]. The administra-
tion of beta-mimetics for preterm labor has become less popular
as a tocolytic agent mostly because of the significant maternal side
effects, which include cardiac arrhythmias and maternal mortal-
ity, and the availability of other medications with fewer risks.
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Generally, 0.25 mg is given subcutaneously and repeated in 15
to 30 minutes for up to four doses (if there is inadequate uterine
response and no significant side effects). A U.S. Food and Drug
Administration safety announcement states that injectable terbu-
taline should not be used beyond 48 to 72 hours because of poten-
tial adverse outcomes [64]. Oral terbutaline is not advised related
to similar safety concerns and lack of evidence to support a role
in preterm labor prevention [58,64]. The most common maternal
side effect is tachycardia, which may be associated with increased
oxygen consumption. Beta-mimetics cross the placental barrier
and may result in a fetal tachyarrhythmia [59]. Prolonged peri-
ods of fetal tachycardia may be associated with loss of variability
caused by the increased cardiac workload and oxygen demand.
Furthermore, there is also a risk for misinterpretation of the FHR
baseline because of signal ambiguity when a tachycardic rate is
recorded at half the rate of the true baseline [65].

Magnesium Sulfate

Magnesium sulfate also has been historically used as a tocolytic
agent to inhibit preterm uterine activity. The exact mechanism
of action of magnesium sulfate’s effect on uterine activity is
unknown [59]. Although this medication continues to be used
as a tocolytic, systematic reviews and comparative trials have
indicated that intravenous magnesium sulfate is ineffective at
delaying or preventing PTB or improving neonatal and mater-
nal outcomes [66]. More contemporary cumulative evidence has
demonstrated a link in the medication’s role in providing fetal
neuroprotective benefits when given before an anticipated PTB.
Specifically, magnesium sulfate reduces the risk of neurologic
morbidity, including cerebral palsy rates, when birth occurs
between 23 0/7 weeks and 31 6/7 weeks’ gestation [67,68].
Several neuroprotection treatment regimens have been described
in the literature including a 6-g loading dose followed by 2 g/hr
for up to 12 hours or a 4-g loading dose followed by 1 g/hr for
up to 24 hours [67]. Magnesium sulfate crosses the placenta, and
fetal serum magnesium concentrations often correlate with mater-
nal serum levels [69]. The use of magnesium sulfate has been
associated with decreasing baseline, decreased rate of variability,
and loss of accelerations [70-74] (Fig. 7.4). Pathologic causes
should be excluded before these changes are attributed to mag-
nesium sulfate therapy. Exposure to magnesium sulfate does not
increase the incidence of bradycardia or category change [73].
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As discussed in Chapters 6 and 9, vibroacoustic stimulation can
provoke accelerations and may improve variability, although
a blunted response may be elicited when magnesium sulfate is
infusing [75]. BPPs and Doppler flow studies may also provide
useful information regarding interpretation and management of
the FHR tracing [76-78].

Antenatal Corticosteroid Therapy

Corticosteroid administration is among one of the most important
and widely used interventions to improve outcomes for preterm
infants [68,79]. This class of medication enhances fetal lung matu-
rity, reduces the risk of respiratory distress syndrome, and lowers
neonatal morbidity and mortality rates in preterm pregnancies [79].
Current guidelines recommend administration of a single course of
either betamethasone or dexamethasone to women who are between
23 0/7 to 24 0/7 weeks’ gestation and 33 6/7 week’s gestation at risk
of a PTB within 7 days. A single repeat course can be considered
in women who are less than 34 0/7 weeks’ gestation whose prior
course of antenatal corticosteroids was administered more than 14
days previously. Based on the clinical scenario, this repeat cortico-
steroid dose may be given as early as 7 days from the prior dose.
Furthermore, a single course of betamethasone is recommended for
women between 34 0/7 weeks and 36 6/7 weeks of gestation at risk
of PTB within 7 days, and who have not received a previous course
of antenatal corticosteroids. Single-course betamethasone therapy
consists of two doses of 12 mg given intramuscularly 24 hours apart
or dexamethasone four doses of 6 mg given intramuscularly 12 hours
apart [79].

No long-term negative effects from a single course of corticoste-
roids have been reported. There are direct, transient effects on fetal
movement, FHR, and variability that typically return to baseline
within 4 days of administration [80,81]. Betamethasone has been
associated with an increase in FHR baseline, decreasing variabil-
ity, and loss of accelerations [82,83]. There is limited data on dexa-
methasone’s effect on the FHR. Most experts have concluded that the
effect on FHR characteristics is similar to betamethasone, although
other experts dispute this stating there is no significant change
[80,81]. Neither of these medications has been associated with
altered Doppler flow in the fetal middle cerebral artery and umbilical
artery. Transient periods of suppression of biophysical characteristics
(movement, fetal breathing, and reactivity) may be noted in patients
receiving betamethasone. By 48 hours, the BPP score (see Chapter 9)
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may be as low as 6 of 10 when the maximum peak of the steroid has
been reached [81,84]. These observations may be misinterpreted as
a deteriorating fetal oxygenation status. Knowledge of these changes
should be considered to avoid an iatrogenic preterm delivery. In
these situations, Doppler flow studies in conjunction with BPPs may
assist with interpretation and management of the FHR after steroid
administration.

Monitoring the Preterm Fetus

Antepartum Fetal Assessment

Antepartum fetal assessment is an integral part of assessing fetuses
at risk for an injury that is a result of a disrupted oxygenation path-
way. The goal is to improve perinatal outcomes, specifically stillbirth
and long-term neurologic impairments, while avoiding unnecessary
interventions and unwarranted preterm delivery [8,45,85]. Fetal
assessment is reviewed in Chapter 9.

Triage and Inpatient Antepartum Monitoring

During the antepartum period, FHR monitoring is often initiated dur-
ing an outpatient triage encounter or on admission for patient evalua-
tion or management of high-risk conditions such as but not limited to
preterm labor, fetal growth restriction, or severe preeclampsia. This
decision, whether short term or continuous, can produce a clinical
dilemma for healthcare clinicians [24]. There is a risk that a false-
positive indeterminate or abnormal FHR tracing will prompt unnec-
essary birth of a normal uncompromised fetus when FHR monitoring
is performed prior to term. The earlier in gestation this occurs, the
higher the likelihood of serious iatrogenic sequelae of prematurity.
This risk must be weighed carefully against anticipated benefits of
data that are obtained electronically. Implementing fetal monitoring
may be beneficial in that early detection of an interruption in fetal
oxygenation will prompt timely performance of corrective measures
or possibly an operative intervention. Regardless of gestational age,
several corrective measures, such as maternal lateral positioning,
can be implemented for indeterminate or abnormal FHR patterns,
which are discussed in Chapter 6. Using a shared decision-making
process with a patient who is an active participant, decisions to ini-
tiate or discontinue fetal monitoring or perform continuous versus
intermittent monitoring in a preterm gestation is individualized to
each woman’s clinical situation [86]. An objective assessment of the
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anticipated risks, benefits, limitations, and alternatives are presented
to each patient in conjunction with an opportunity for questions to be
answered thoroughly.

Intrapartum Monitoring

Depending on the gestational age, intrapartum management may
include intermittent monitoring, time-specific prolonged monitoring,
or continuous monitoring until birth. As previously discussed, inter-
ruption in the oxygenation pathway in a preterm fetus may progress
more rapidly to metabolic acidemia and potential injury [16,47]. In
addition, the possibility of infection must be considered in cases
of preterm labor and/or premature membrane rupture. The effects
of infection and/or inflammation on the FHR tracing are not com-
pletely understood, but limited evidence supports the observations
that inflammation results in abnormal fetal cardiac function [8,87]. In
preterm gestations the FHR tracing may be less reliable in excluding
metabolic acidemia and predicting outcome because of the differ-
ences in FHR characteristics between preterm and term fetuses. All
these factors must be taken into consideration when planning intra-
partum management of the preterm fetus.

The periviable gestation is even more unique in regard to elec-
tronic fetal monitoring because FHR characteristics such as minimal
variability or variable decelerations may be reflective of an imma-
ture central nervous system, not an interruption in the oxygenation
pathway. Because the initial assessment for neonatal resuscitation
of a potentially liveborn neonate has decreased to a threshold of
22 0/7 weeks, electronic fetal monitoring may be considered a part
of a clinical management plan [68]. The decision to proceed with
cesarean birth for fetal indications is based on a woman’s individual
and shared considerations and perspectives in conjunction with an
interdisciplinary team [86]. If a woman chooses not to have a cesar-
ean birth but elects to have neonatal resuscitation for a potentially
viable liveborn fetus, electronic fetal monitoring may be considered
in those situations when corrective measures are thought to affect
neonatal outcome.

THE LATE-TERM AND POSTTERM FETUS

In a majority of pregnancies, there is sufficient placental function
to support appropriate interval fetal growth and act as a safeguard
from the normal hypoxic stressors of labor. As gestational age
progresses to term or later, placental function decreases and the
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placenta may no longer be able to meet the fetal demands of an
advanced pregnancy. Vital statistics collected from birth certificate
data show that approximately 6% of infants are born late term. This
statistic drops significantly to less than 0.4% in pregnancies that
are 42 weeks and greater [88]. Despite advances in antepartum and
intrapartum care, fetal and neonatal morbidity and mortality rates
increase as pregnancy advances beyond 39 to 40 weeks’ gestation
[89,901].

The risk of stillbirth at term increases exponentially with each
gestational age with the highest risk at 42 weeks or greater [91,92].
Additionally induction of labor at 41 weeks or greater is associated
with an increased risk of cesarean birth, chorioamnionitis, labor dys-
tocia, uterine rupture, oligohydramnios, and meconium-stained fluid
[93].This has led to a shift in offering women elective induction of
labor at 39 weeks based on more current data demonstrating a sig-
nificantly lower risk of cesarean birth, maternal peripartum infection,
and perinatal adverse outcomes, including respiratory morbidity,
intensive care unit admission, and mortality [94,95].

Fetal Assessment

Antepartum and intrapartum surveillance related to definitions and
interpretation in this population is similar to those in the preterm
fetus. One exception is acceleration amplitude. Because there is an
increase in perinatal mortality in these advanced gestational ages,
antepartum fetal assessment is recommended. Antepartum fetal
assessment is reviewed in Chapter 9.

Risks Associated with Postterm Pregnancy

Postmaturity or Dysmaturity Syndrome

A sequela of pregnancies that extends beyond a term gestation is
postmaturity or dysmaturity syndrome. These terms are used to
describe specific clinical characteristics that are assessed at the ini-
tial newborn physical examination. Clinical findings include reduced
subcutaneous tissue; dry, wrinkled, peeling skin; meconium stain-
ing; hypothermia; hypoglycemia, polycythemia, and hyperviscosity
[96,97]. These assessment findings are thought to reflect disrup-
tion of normal placental transfer of oxygen and nutrients caused by
altered surface area and inadequate exchange within the placenta.
In turn, this leads to decreased blood flow, nutritional deprivation,



Influence of Gestational Age on Fetal Heart Rate 187

fetal wasting, decreased fat and glycogen stores, oligohydramnios,
and chronic hypoxemia with compensatory hematopoiesis [98—100].

Oligohydramnios

The term pregnancy has an estimated amniotic fluid volume of 700
to 800 mL, which declines at a rate of 8% per week after 40 weeks’
gestation [101]. Abnormalities in amniotic fluid volume are associ-
ated with adverse perinatal outcomes, particularly oligohydramnios,
which is observed with increased frequency in late-term and post-
term gestations. Sonographic descriptions of decreased fluid vol-
ume are outlined in Chapter 9. As the placenta ages uteroplacental
function reduces, eliciting a physiologic response in which blood
flow is preferentially directed to the fetal brain, heart, and adrenal
glands and diverted away from the kidneys, resulting in decreased
fetal urine production and eventually oligohydramnios. Low amni-
otic fluid volume in term gestations is associated with higher rates of
perinatal and neonatal morbidity and mortality. These include but are
not limited to intrauterine fetal death, meconium-stained amniotic
fluid, meconium aspiration syndrome, umbilical cord compression
resulting in variable decelerations, labor induction, cesarean birth for
fetal indications, and low Apgar scores and umbilical artery pH val-
ues [89,100-106].

Intrapartum amnioinfusion may reduce the frequency of variable
and prolonged decelerations, decrease the incidence of cesarean birth
for fetal indications, and improve Apgar scores and cord pH values
[107].

Meconium

The nature of the relationship between fetal well-being and meco-
nium-stained fluid remains unclear [108]. As the fetus matures and
pregnancy advances past 36 weeks’ gestation, there is a higher inci-
dence of meconium-stained fluid [108—110]. However, meconium
passage may also signify that there has been stimulation of the vagal
system by umbilical cord compression and hypoxia-related stress or
an infectious process such as an intraamniotic infection [111,112].
The literature has described an increased risk of neonatal morbid-
ity when meconium is associated with fetal heart tracings displaying
indeterminate characteristics [113,114]. Additionally, postterm ges-
tations have a higher incidence of meconium aspiration syndrome
compared with earlier gestational ages. This type of neonatal respira-
tory distress syndrome is a result of aspiration of meconium result-
ing in pulmonary disease. In severe forms, meconium aspiration
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syndrome is associated with persistent pulmonary hypertension,
hypoxic ischemic encephalopathy, and death [115].

Management of Postterm Pregnancy

The optimal management for late-term and postterm pregnancies,
including the type of intervention and timing of delivery, is unclear.
At a minimum, most experts agree that some form of antepartum fetal
surveillance, including fetal movement counting, is indicated espe-
cially at or beyond 41 weeks’ gestation [45,85,89]. The presence of
clinically significant decelerations or oligohydramnios warrants con-
sideration of labor induction. At 42 0/7 weeks and by 42 6/7 weeks’
gestation induction of labor is recommended because of the increased
perinatal morbidity and mortality rates [89]. The decision for induc-
tion of labor versus expectant management is dependent on a vari-
ety of factors, such as the gestational age, fetal surveillance results,
Bishop score of the cervix, and shared decision-making. Clinicians
should strive for a balanced conversation that includes maternal pref-
erences related to pregnancy management in addition to providing
evidence-driven risk, benefits, and treatment options [86].

SUMMARY

Maturation of the physiologic mechanisms responsible for regulation
of the FHR is associated with characteristic changes in the FHR trac-
ing. In addition, many factors associated with preterm and late-term
or postterm pregnancy can influence the appearance of the FHR trac-
ing, including medications, infection, placental function, and oligo-
hydramnios. All these factors must be taken into consideration when
interpreting the FHR tracing and planning management of pregnan-
cies before and after term.
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Fetal Assessment in
Non-Obstetric Settings

MATERNAL TRAUMA ALGORITHM

Fetal assessment and care of a pregnant woman can occur in a variety
of locations, including the surgical setting, critical care unit, emer-
gency department, or a separate obstetric-gynecologic triage envi-
ronment, which is gaining hold as an alternative healthcare access
point for obstetric patients. These areas function similarly to emer-
gency departments in that these units can evaluate and treat present-
ing symptoms, prioritize care, improve utilization of staffing and
patient services, and create a plan that incorporates maternal—fetal
well-being [1]. Patients seek care outside an obstetric setting for a
variety of reasons. These include but are not limited to a pregnancy
below the viability threshold, a situation requiring surgical or medi-
cal expertise, or a lack of patient knowledge on where to present for
care. Also, as rural and critical access hospitals permanently close
obstetric service lines, women are compelled to seek care in an emer-
gency department. The focus of this chapter is maternal—fetal assess-
ment and management in the non-obstetric setting.

A CULTURE OF PATIENT SAFETY

Collaboration and ongoing communication among an interdisciplin-
ary healthcare team caring for obstetric patients are essential in dem-
onstrating a commitment to patient safety. Furthermore, pregnant
women require the right healthcare clinicians at the right time and in
the right setting. Regardless of the healthcare setting or gestational
age, the fetus should not be overlooked. The healthcare team must
have the requisite skills and expertise to be qualified to evaluate the
obstetric patient.

Patient handoffs that occur between departments, such as an
emergency department and an obstetric unit, have a higher likelihood
of error and inefficiency [2]. Communication between service lines
and healthcare team members must be clear and timely to ensure that
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the maternal—fetal dyad receives appropriate care by the most appro-
priate staff member. One initiative that may improve response time
to a maternal and fetal evaluation in a trauma situation is implement-
ing an interdisciplinary emergency response team for nontrauma spe-
cialists when a pregnant patient presents for care [3].

PREGNANCY ANATOMY AND PHYSIOLOGY

Evaluation of an obstetric patient brings a unique set of dilemmas,
but a systematic approach to patient evaluations should be conducted
in the same manner as with the nonpregnant patient, beginning with
a comprehensive history and physical [4]. Considerable anatomic,
physiologic, and biochemical changes occur during a pregnancy [5-7].
Comprehension and integration of these fundamental anatomic and
physiologic changes are required so that the evaluation and manage-
ment of these complex patients are optimized. Although many of these
changes are normal, anatomic and physiologic changes are occasion-
ally interpreted as a non-obstetric disease process. These changes may
also reveal or exacerbate a preexisting condition such as hyperten-
sion or gallbladder disease. Prompt recognition of clinical symptoms
and non-obstetric emergencies may be distorted, and normal discom-
forts may contribute to a confusing clinical picture. Some pregnancy
adaptations are substantial and would be considered pathologic in the
nonpregnant woman (Box 8.1). For example, the symphysis pubis
protects the bladder. In pregnancy the bladder shifts to an intraab-
dominal position, making this area more susceptible to injury [8].
Laboratory values may be altered in the pregnant patient as opposed
to a nonpregnant patient related to adaptations required by the body to
support the pregnancy [4,8]. Not only does the pregnant woman pres-
ent with unique challenges, but the fetus also requires assessment and
possible intervention. Fetal stability depends on maternal stability. If
caregivers do not understand and support pregnancy adaptations, then
there is a potential for adverse maternal and fetal outcomes.

OBSTETRIC PATIENTS IN THE EMERGENCY
DEPARTMENT

One of the leading diagnoses for an emergency department visit
in women of childbearing age is a pregnancy-related complaint,
many being nonurgent conditions that could have potentially been
addressed in an outpatient setting [9,10]. Although some women
access healthcare through emergency departments for urgent or
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BOX 8.1 Physiologic Adaptations to Pregnancy

Cardiovascular

= Physiologic anemia, hypervolemia (expansion of plasma volume
greater than expansion of red cell mass)

= Blood volume increases by 30% to 40% (1200-1500 mL higher than
prepregnant state)

= Plasma increases 70%, cells 30%

= Hematocrit of 32% to 34% is not unusual

= Cardiac output increases 30% to 50% (a result of increased blood
volume)

= Heart rate and stroke volume increase

= Systemic vascular resistance decreases, with resultant decrease in
blood pressure and mean arterial pressure

= Uteroplacental vascular bed is dilated; passive low resistance system

= Uteroplacental unit receives 20% of cardiac output

= Peripheral edema, dyspnea, presence of third heart sound

= Pelvic venous congestion

Hematologic

= Increased clotting factors VII-X and fibrinogen (hypercoagulable)

= Decreased serum albumin may lower colloid osmotic pressure
(predisposing to pulmonary edema)

Renal

= Smooth muscle relaxation, increased urinary stasis, hydronephrosis,
hydroureter; increased susceptibility to urinary tract infection

= Increased creatinine clearance

= Decrease in serum creatinine and urea nitrogen (BUN)

Respiratory

= Tidal volume increases by 30% to 40%; respiratory rate unchanged

= Oxygen consumption increases by 20%

= Diaphragm elevated by the growing fetus

= Arterial Pco, decreases as a result of hyperventilation, resulting in a
“compensated” respiratory alkalosis

Gastrointestinal

= Smooth muscle relaxes, increasing gastric emptying time

= Gastric motility decreases, sphincters relax, higher likelihood of
aspiration

Musculoskeletal

= Increased risk of ligament injury secondary to relaxin and
progesterone

= Shifting center of gravity with growth of fetus, diastasis of the rectus
abdominus

= Symphyseal separation
BUN, blood urea nitrogen.

Adapted from references [4-7,32].



200 Chapter 8

trauma situations, others present because of a lack of readily acces-
sible primary or obstetric care, an inability to schedule an appoint-
ment, or for convenience [1]. Regardless of the intention, a primary
survey occurs when a woman first presents and is asked, “Why are
you here?” A quick initial assessment can be completed and is cru-
cial to determining triage and treatment priorities. This evaluation
is predicated on a woman'’s ability to communicate effectively with
a healthcare team. For example, if English is not the primary lan-
guage, a translation service is used. A secondary survey includes
obtaining detailed information about signs, symptoms, the mecha-
nism of injury if applicable, and a thorough head-to-toe physical
assessment [8,11]. Findings from the primary and secondary survey
and pregnancy confirmation and determination of gestational age
are key factors for identifying the specific department in which the
woman’s care would be most appropriately managed. Additional
emergency department screening questions, regardless of the pre-
senting problem, include but are not limited to the presence or
absence of
B Fetal movement (if appropriate for gestational age, usually
>18-20 weeks)
B Cramping, pelvic pressure, backache, or uterine contractions
B Vaginal bleeding
B [ eaking of fluid

An assessment is required to confirm both maternal and fetal
well-being prior to discharge or transfer to another area or healthcare
facility [12]. Pregnancy is a crucial part of the assessment and not
merely an afterthought.

Because of the infrequency of obstetric emergencies, estab-
lishing and maintaining competencies can be difficult, especially
in non-obstetric settings. There may be inadequate resources and
trained personnel to care for obstetric patients. Policies and proce-
dures may be insufficient to facilitate quick access and appropri-
ate management of an obstetric patient [13]. Therefore a decision
tree algorithm is useful for triage of the maternal-fetal dyad to
determine whether the woman should remain in the emergency
department or be transferred to surgery, critical care, or the obstet-
ric unit [1,13]. Each institution should have a written guideline or
triage decision tree developed jointly between the emergency and
obstetric departments. This document addresses at which gesta-
tional age care is managed in an emergency department versus an
obstetric setting, which conditions prompt obstetric consultations,
situations in which an obstetric healthcare provider is present in
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the emergency department, and guidelines for discharge or trans-
fer to another care setting [1]. Several useful references about
triaging and caring for the pregnant woman in the non-obstetric
setting are readily accessible for creating or updating institutional
guidelines [14-17].

Patients presenting to an emergency department at 20 weeks’ ges-
tation or greater are often referred to an obstetric setting, although it
is important to understand that this gestational age is not absolute.
The criteria for an internal transfer from the emergency department
to the obstetric setting is dependent on the patient’s chief complaint,
institutional policies, procedures, and resources. It is important to
remember that specific diagnoses are often limited to certain gesta-
tional ages, such as preeclampsia in the second and third trimester,
and should be included in the treatment algorithms when addressing
the assessment of a pregnant patient in the emergency department.
Women who present with complaints of well-recognized obstetric
concerns (e.g., vaginal bleeding, contractions, rupture of mem-
branes, abdominal pain, pelvic pressure, decreased fetal movement)
should be transferred to the obstetric unit in an expedited manner for
further assessment and management. For those women with vague
symptoms, such as headache, edema, nausea, and vomiting, or “just
not feeling well,” the decision about where to evaluate is not always
so clear unless a policy or guideline is in place. Well-meaning care
in a non-obstetric setting for the woman with a complicated disorder
only found in pregnancy has the potential of being detrimental to
both the woman and the fetus. Discussion between the emergency
department and the obstetric setting is crucial in determining whose
expertise is most needed for the evaluation and care of the maternal—
fetal dyad.

When a woman presents to the emergency department with
cardiovascular or respiratory complaints, the maternal vital signs
must be assessed and documented without delay. There are specific
abnormalities or “triggers” in the patient’s vital signs and condi-
tion that point to the need for immediate notification and potentially
bedside evaluation by a qualified healthcare clinician resulting in
the activation of diagnostic and intervention resources. Although
not perfect, early warning systems are an example of how vital signs
and clinical observations based on specifically designed charts and
escalation protocols can positively effect maternal care in terms of
improved quality of care, prevention of progressive obstetric mor-
bidity, and better maternal health outcomes [18,19]. For example,
the Modified Early Obstetric Warning System (MEOWS) can be
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TABLE 8.1 Maternal Early Obstetric Warning System Color-
Coded Trigger Parameters

Parameter Trigger: Red Trigger: Yellow
Temperature (°C) <35 or >38 35-36
Systolic blood pressure (mm Hg) <90 or >160  150-160 or 90-100
Diastolic blood pressure (mm >100 90-100

Hg)

Heart rate (beats per minute) <40 or >120  100-120 or 40-50
Respiratory rate (breaths per <10 or >30 21-30
minute)

Oxygen saturation (%) <95 —

Pain score — 2-3

Neurologic response Unresponsive, Voice
pain

From S. Singh, A. McGlennan, A. England, R. Simons R, A validation study
of the CEMACH recommended modified early obstetric warning system
(MEOWS), Anaesthesia 67 (1) (2012) 12-18.

used in emergency departments and in protocols to recognize a
deteriorating healthcare situation. In the MEOWS system, a physi-
cian or other qualified clinician is called for prompt bedside evalua-
tion when the pregnant patient exhibits any one warning sign in the
red area or two warning signs in the yellow at any one time [16,20]
(Table 8.1). A similar system, referred to as the Maternal Early
Warning Criteria (MEWC) protocol, requires immediate action
when specific abnormal maternal parameters meet preestablished
criteria [21] (Table 8.2).

TABLE 8.2 Maternal Early Warning Criteria Abnormal
Parameters Requiring Bedside Evaluation

Parameter Values
Systolic blood pressure (mm Hg) <90 or >160
Diastolic blood pressure (mm Hg) >100

Pulse rate (beats per minute) <50 or >120
Respiratory rate (breaths per minute) <10 or >30
Oxygen saturation (%) <95

Oliguria (mL/hr for 2 hours) <35

Maternal agitation, confusion, or unresponsiveness —

Hypertension accompanied by nonremitting headache or —
shortness of breath

From .M. Mhyre, R. D'Oria, A. B. Hameed, et al., The maternal early warning
criteria: a proposal from the national partnership for maternal safety, |. Obstet.
Gynecol. Neonatal. Nurs. 43 (6) (2014) 771-779.
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Federal Law and Emergency Medical Treatment
and Active Labor Act

Triage incorporates a rapid assessment of the woman, identifica-
tion of the concerns, determination of the acuity of the problem, and
arrangement for the appropriate personnel and equipment to meet
the woman’s needs. Triage of pregnant patients is regulated by fed-
eral law via the Emergency Medical Treatment and Active Labor Act
[12]. This act ensures public access to emergency services regard-
less of insurance or capacity to pay. Hospitals must triage and pro-
vide a medical screening examination (MSE) to determine whether
an emergency medical condition exists, including labor. A licensed
clinician performs the MSE based on the history and physical and
consists of procedures and tests that will identify medical and obstet-
ric conditions [ 1]. Triage and an MSE are performed in a timely man-
ner, with appropriate treatment and stabilization based on the clinical
situation. The patient may require transfer, once stabilized, when a
higher level of care is necessary, there are capacity limitations in bed
management at the transferring facility, or the patient requests trans-
fer [1]. A patient’s care should take place in the area best prepared to
handle her needs. This supports the development of hospital policies
and procedures that specifically outline triage, care, and disposition
of the patient [13,15,17,22,23].

Pregnant Trauma Victim Assessment and Care

Unintentional injuries and trauma during pregnancy are the lead-
ing contributors to maternal morbidity and mortality [24-26].
Specifically in pregnancy, blunt abdominal trauma is a common
type of injury, with motor vehicle accidents, falls, and assault
being the most common etiologies [27,28]. More precisely, other
mechanisms of injury outside the realm of motor vehicle acci-
dents include domestic violence penetrating trauma, suicide, and
homicide. Although all forms of injury are serious, trauma result-
ing from motor vehicle accidents are concerning in that maternal
and fetal mortality may be secondary to underlying factors such as
compliance with consistent seat belt practices, improper seat belt
placement, and airbag deployment [29,30]. Another major cause of
trauma in pregnancy is related to slips and falls because pregnancy
predisposes women to these types of accidents. This is related to
joint laxity and weight gain that affects postural stability, especially
in the third trimester [28,31,32].
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TABLE 8.3 Trauma Concerns Specific to Pregnancy

Abruption

Result of “shearing” effect when
uterus is deformed by external
forces, causing separation from
placenta

Can trigger diffuse intravascular
coagulation because of high
concentration of thromboplastin
in placenta@@@Electronic

fetal monitoring is most
sensitive means of detecting
abruption@@@Ultrasound most
specific but lacks sensitivity

May be a later sign; watch for
increasing fundal height,
increased uterine activity,
increased pain

Vaginal bleeding poor predictor of
abruption

Uterine Rupture

Blunt trauma Use ultrasound, x-ray; palpate fetal
parts outside uterus; assess pain

Maternal-Fetal Hemorrhage

Four to five times more common
in injured woman than in
noninjured woman

Fetal Compromise

Nonspecific complication, but most
common

Preterm Contractions

Common after blunt trauma

Fetal anemia, death, or
isoimmunization

Late decelerations, tachycardia,
loss of variability

Abruption with potential for fetal
hypoxia

Fetal Injuries

Skull fractures, intracranial
hemorrhage

More common in third trimester

Regardless of the type of trauma, a minor situation can be life-
threatening to the patient and fetus [25,33]. Injuries that are unique to
the pregnant trauma patient include uterine rupture, placental abrup-
tion, preterm labor and birth, pelvic fracture, and intrauterine fetal
demise [27,29]. Consideration of gestational age is an essential fac-
tor because a crucial decision may be required regarding performing
an operative intervention on behalf of the fetus. Trauma concerns
specific to pregnancy are listed in Table 8.3.

Maternal-Fetal Transport

In trauma situations, first responders provide the initial evaluation
and management that is consistent with advanced trauma life sup-
port protocols with the primary focus on maternal resuscitation [34].
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The foremost reason for a fetal death that occurs in the trauma
setting is maternal shock [23]. Alerting the emergency depart-
ment early during transport allows the staff to inform the obstet-
ric staff of the need for collaborative care immediately on arrival.
First responders must promote maternal circulation and oxygen-
ation and consider occult hemorrhage and shock in the pregnant
trauma victim. Modifications of trauma guidelines that should
be provided without delay include supplementary oxygen, intra-
venous access, and maternal positioning to a slight left lateral
position as long as there is assurance of cervical spine stabil-
ity. Otherwise, elevation of the right side of a spine board will
assist with preventing supine hypotension [29,34]. Vital signs
are assessed at the same frequency as a nonpregnant patient, and
fetal status is considered once maternal stability has been estab-
lished [34,35]. Once maternal stabilization has been confirmed,
obtaining a fetal heart rate (FHR) with a Doppler may be con-
sidered. If the patient is conscious, information regarding fetal
activity and the presence or absence of contractions is solicited.
Determination of the gestational age may be of great benefit in
determining fetal age and the need for prompt obstetric interven-
tion on arrival to an emergency department. Clinical evaluation
of the fundal height allows for a rough estimation of gestational
age because fetal viability is more probable if the uterine fundal
height is between the umbilicus and xiphoid process [33] (Fig. 8.1).
Simply noting a fundal height being above or below the maternal
umbilicus may help determine whether a pregnancy is more than
or less than 20 weeks’ gestation. Also, marking the top of the
fundus will assist the obstetric team in establishing if there is a
potential concealed abruption [33].

Primary and Secondary Survey in the
Emergency Department

Primary Survey

Similar to the first responders, the emergency department will com-
plete a primary survey of a pregnant trauma patient on arrival, which
again will encompass the immediate evaluation of the patient, not the
fetus. Initial management of the pregnant patient is no different from
that of the nonpregnant patient, so maternal health will take prior-
ity over fetal health unless the patient is undergoing cardiopulmo-
nary resuscitation and surgical intervention is required. The primary
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Fig. 8.1 Uterine size and gestational age. (From M.V. Muench, ].C.
Canterino, Trauma in pregnancy, Obstet. Gynecol. Clin. North Am. 34
(3) (2007) 555-583.)

survey of the patient with trauma is an assessment based on the let-
ters A-B-C-D-E. The components are [8,34]

Airway

Breathing

Circulation

Disability (neurologic: alert, voice, pain, unresponsive)

Exposure (examine)

Foremost in the primary survey is to assess the establishment
of airway (A) stabilization. Adequate respirations (B, breathing)
must be established, with administration of supplemental oxygen to
prevent maternal hypoxia and desaturation, which in turn can lead
to fetal hypoxemia [35]. Pulse oximetry and arterial blood gases
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will verify that the patient is adequately oxygenated when neces-
sary. Blood pressure, pulse, and capillary refill (C, circulation) will
typically verify how well the patient is perfusing. Uterine blood
flow represents 10% to 15% of maternal cardiac output or approxi-
mately 700 to 800 mL/min. Significant blood loss, especially if a
blunt or penetrating injury has occurred, may set off a cascade of
maternal blood flow being shunted away from the uterus to permit
maternal self-preservation at the expense of the fetus. The fetus can
act as an early warning system for a patient’s deteriorating hemo-
dynamic status. An FHR is frequently considered another vital
sign because adequate uterine perfusion can correlate with normal
FHR characteristics, whereas abnormal FHR characteristics may
reflect inadequate maternal oxygenation and circulation [23,33]. In
some cases, maternal vital signs may not reflect the extent of the
underlying injury [33]. Therefore FHR characteristics that reflect
fetal hypoxemia secondary to maternal hypovolemia and reduced
uteroplacental perfusion, including fetal tachycardia, decreasing
variability, and recurrent decelerations, require the implemen-
tation of corrective measures. Compared with the nonpregnant
patient, average blood volume expansion in the pregnant woman
is approximately 40% to 50%, but as blood volume is lost, there is
a decrease in cardiac output and arterial pressure [5]. When about
40% of total blood volume is lost, cardiac output and arterial pres-
sures will reach critical levels and tissue hypoxia will occur [29].
Catecholamines are released as a result of volume loss, leading to
vasoconstriction of blood vessels that facilitate maternal perfusion
to the vital organs at the expense of uteroplacental blood flow and
an intact oxygenation pathway. Thus aggressive volume resusci-
tation through two large-bore intravenous catheters is encouraged
even when the hypovolemic woman is normotensive to maintain
maternal—fetal hemodynamics [36]. As discussed previously, atten-
tion is focused on maintaining lateral positioning. This corrective
measure is critical to sustaining adequate preload and cardiac out-
put because supine positioning results in compression of the infe-
rior vena cava in a pregnant patient after 20 weeks’ gestation, which
produces as much as a 30% reduction in cardiac output [25,33]. The
neurologic evaluation (D, disability assessment) is performed by
using the A-V-P-U method (alert, voice, pain, and unresponsive)
of the Glasgow Coma Scale. By following steps A to D, cardiovas-
cular or central nervous system trauma can be identified [34]. The
patient can then be exposed (E) to examine for other obvious signs
of physical trauma [33].
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Secondary Survey

Once a primary survey is completed, and a patient is stabilized, the sec-

ondary survey is initiated. A detailed pregnancy history and head-to-toe

physical examination are performed to gather pertinent pregnancy infor-

mation and identify all injuries that may have been overlooked in the pri-

mary survey [33,37]. Evaluation of fetal well-being is parallel to maternal

care but not at the expense of maternal resuscitation [25]. A thorough

maternalfetal assessment includes the following [11,25,33,35]:

B Past and current pregnancy history

B Estimated gestational age (fundal height or ultrasound)

B Marking the top of the fundus to observe for an increasing fundal
height

B Sterile speculum examination if vaginal bleeding is present or
there is evidence of ruptured membranes

B Focused assessment sonographic trauma (FAST) ultrasound for
potential intraabdominal hemorrhage; may be incorporated with
obstetric ultrasound

B Obstetric ultrasound performed by appropriately trained person-
nel for fetal number, cardiac activity, fetal position, biometrics,
placental location, visualization of possible streaming vessels or
placental hematoma indicating placental injury, amniotic fluid
volume, biophysical profile, Doppler of pertinent fetal vessels
such as the middle cerebral artery

B Doppler ultrasound of middle cerebral artery identifying possible
acute fetal anemia

B Kleihauer—Betke test to evaluate for maternal—fetal hemorrhage
dependent on the type of trauma
Fetomaternal hemorrhage is reported in up to 30% of obstetric

trauma patients and is more common with an anterior placenta [38,39].

The Kleihauer—Betke test is performed to detect the degree of mater-

nal—fetal hemorrhage in which fetal cells are circulating in the mater-

nal circulation in excess of what is treated with a standard dose of

Rho(D) immune globulin. This test determines the amount of Rho(D)

immune globulin that is needed in the unsensitized Rh-negative preg-

nant trauma patient as additional fetal cells may come in contact with

maternal circulation. The Kleihauer—Betke test is not used to deter-

mine the need for RhoGAM [33,35,40]. Changes in the FHR com-

bined with a positive Kleihauer—Betke may signal hypoxemia, fetal

anemia, and potential fetal compromise. If significant fetal hemorrhage

has occurred, it may manifest into tachycardia or a sinusoidal pattern

on the FHR tracing [40-42]. Doppler ultrasound of the middle cerebral

artery may also demonstrate a compensatory response to hemorrhage.
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Electronic fetal monitoring (EFM) can be a useful adjunct tool
for fetal evaluation in the pregnant trauma victim with a viable fetus
as long as it does not interfere with vital maternal treatment [28]. It
is important to note that indeterminate and abnormal FHR tracings
after trauma may not be as statistically reliable in predicting adverse
perinatal outcomes with a sensitivity of 62% and specificity of 49%
[23]. Continuous fetal monitoring versus intermittent auscultation is
preferred, because auscultation limits the ability to detect specific
FHR characteristics, such as variability and deceleration type [25,38].
Loss of variability and late or prolonged decelerations are the most
sensitive findings in the detection of abruption, although other FHR
characteristics such as tachycardia, bradycardia, or a sinusoidal pat-
tern may be observed [42,43]. Regardless of monitoring mode, it
is imperative to establish a baseline FHR. Similar to the laboring
patient, any FHR tachycardia should be regarded with suspicion and
managed, as outlined in Chapter 6. EFM should not be initiated until
it is reasonable to perform an emergent cesarean birth [28].

Although there is a general consensus that EFM is an integral
part of the ongoing assessment of the maternal—fetal dyad, there are
no established standards for the duration of monitoring, especially
after a trauma [11]. Experts advocate for a minimum of 2 to 6 hours.
However, monitoring time can be extended to 24 hours or more in
those patients experiencing a Category II FHR tracing, uterine activ-
ity (generally more than once per 10 minutes), vaginal bleeding,
ruptured membranes, uterine or abdominal tenderness or pain,serum
fibrinogen less than 200 g/L, high-risk mechanism of injury, or sig-
nificant maternal injury [23,28,29,33,35]. Uterine irritability or con-
tractions may provide clues to placental abruption. Ultrasound has
limited usefulness and low sensitivity in distinguishing a placen-
tal abruption, so a negative result does not exclude the possibility
[25,35,39,44,45]. Increased abruption rates are even more increased
in those patients with greater than eight contractions in the first 4
hours [39]. At greater than 20 weeks’ gestation, 90% of pregnant
trauma patients will demonstrate some type of uterine activity in the
first 4 hours. Data show that within the first hour, 64% of women
will contract every 5 minutes or less, declining to 29% of women
by the fourth hour. Patients without contractions or with less than
one contraction every 10 minutes may be removed from the EFM
and discharged as long as there is evidence of fetal movement, nor-
mal FHR characteristics, and absence of vaginal bleeding or ruptured
membranes [23,46]. At discharge, labor instructions, how to perform
fetal kick counts, and when to notify the healthcare clinician should
be reviewed with the patient and documented in the medical record.
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Emergent Cesarean Birth and Resuscitative
Hysterotomy

As mentioned previously, the gravid uterus in the supine position
compresses the inferior vena cava, resulting in reduced cardiac out-
put [25,33]. Compression of the inferior vena cava is relieved once a
cesarean birth is performed. This may result in restoring or improving
maternal hemodynamics with a return in pulse rate and blood pressure,
which in turn causes blood volume to be shunted back into the sys-
temic system. Emergency cesarean birth in the patient with a viable
gestational age is distinguished from a resuscitative hysterotomy, also
known as a perimortem cesarean birth, which has historically been
considered solely as a heroic effort for the fetus. Literature has shown
that the performance of a resuscitative hysterotomy may aid in a return
of spontaneous circulation [47]. This procedure is indicated in the
obstetric trauma patient who is 20 weeks or greater when cardiopulmo-
nary resuscitation has not resulted in a return of spontaneous circulation
with usual measures, such as left lateral positioning and manual dis-
placement of the uterus (Fig. 8.2) [29,47,48]. To be most effective, this
surgical procedure should be initiated by 4 minutes with completion of
the procedure by 5 minutes to minimize hypoxia and improve maternal
and neonatal neurologic outcomes [47]. The optimal location is where
the trauma patient is being resuscitated to avoid delay between cardio-
pulmonary resuscitation and surgery [25,29]. A decision tree for the
unstable pregnant trauma patient may be a useful resource (Fig. 8.3).

Stabilization and Discharge

If the patient is unstable, transfer from the emergency department to
the operating room or a critical care unit may occur. A collaborative
approach among the obstetric, surgical, and critical care staff needs
to be comprehensive, accurate, timely, and direct to promote an opti-
mal environment for maternal—fetal well-being [11,49]. Once stabi-
lized, the complex pregnant trauma patient may be transferred to an
obstetric unit for continued care and monitoring. Once the patient is
ready to be discharged, education regarding pregnancy warning signs,
follow-up appointments, and specific instructions related to the injury
are completed. For example, counseling about correct seat belt use
is appropriate if the patient was involved in a motor vehicle acci-
dent. The lap belt and shoulder harness are both worn simultaneously,
with the lap belt being securely placed under the abdomen and over
the anterior superior iliac spine and symphysis pubis. The shoulder
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After 4 minutes
of CPR initiate
delivery
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Airway H
Blreathlr.\g Resuscitative
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Oxygen and IV fluid resuscitation
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< I
monitorin « Resolved No response
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Fig. 8.3 Maternal trauma algorithm. CPR, cardiopulmonary resuscita-
tion; IV, intravenous; KB, Kleihauer-Betke. (From M.V. Muench, |.C.
Canterino, Trauma in pregnancy, Obstet. Gynecol. Clin. North Am. 34
(3) (2007) 555-583.)

harness should cross between the patient’s breasts and under the neck
[38,50]. Discharge instructions for a patient who has fallen might
include avoiding walking on slippery or icy walkways or carrying
heavy objects and using safety features such as staircase handrails.

NON-OBSTETRIC SURGICAL PROCEDURES:
MATERNAL-FETAL ASSESSMENT AND CARE

Surgery during pregnancy related to non-obstetric reasons occurs in
approximately 0.7% to 1.6% of women and can occur at any gesta-
tional age [51,52]. Elective surgery is best delayed until the pregnancy
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has ended [14,53]. If surgery is medically indicated for an urgent or
emergent situation in the pregnancy patient, such as an orthopedic pro-
cedure after a motor vehicle accident, surgery should not be delayed
regardless of the gestational age [14]. Major presenting conditions
requiring surgical intervention can include trauma, appendicitis, bili-
ary diseases (i.e., cholecystitis and pancreatitis), bowel obstructions,
adnexal masses, and cancers [4,52,54]. Key points in coordinating
surgical care for the maternal—fetal dyad include collaboration within
an interdisciplinary team comprised of the obstetrician, surgical staff,
anesthesia, neonatology, and nursing personnel as adjustments in man-
agement may be required during the procedure [4,49,55]. The surgeon
and anesthesiologist should further collaborate with an obstetrician
to determine whether an intraoperative fetal assessment is necessary.

Intraoperative Maternal-Fetal Assessment

There is a lack of standard recommendations related to the type and
frequency of fetal assessment during non-obstetric surgical proce-
dures or when to intervene. Depending on the type of surgery, intra-
operative monitoring can be done with a Doppler or an EFM. These
devices may need to be covered with a sterile sleeve when steril-
ity is required. In cases in which EFM is not practical, transvaginal
Doppler ultrasound may be used in selected cases [4].

Situations in which fetal surveillance is being considered is indi-
vidualized based on gestational age, type of surgery, and facilities
available such as a neonatal intensive care unit [14,53]. The advan-
tage of fetal assessment for surgical procedures includes enhanced
communication among disciplines related to altered maternal anat-
omy and physiology, patient positioning to optimize blood flow
and oxygenation to the fetus, the safety of medications used during
the procedure, and prompt identification of an FHR pattern requir-
ing emergent cesarean birth [14,22]. Furthermore, fetal assessment
during the surgical procedure demonstrates that the healthcare team
acknowledges a second patient [53]. One approach in the decision-
making process is to answer several key questions after determin-
ing fetal viability. These include whether there is a significant risk
of intraoperative maternal hypotension or hypoxia and if EFM is
technically feasible [14,55]. The cascading effects of an interrupted
maternal—fetal oxygen transfer may be related to events that occur
intraoperatively. These may include decreased uterine blood flow,
hypotension, and uterine contractions [53,55]. Therefore intraopera-
tive EFM can provide information about uteroplacental perfusion.
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The following guidelines should be followed if fetal monitoring
isused [14]:

B Doppler FHR pre- and postprocedure for the previable fetus.

B At a minimum, simultaneous FHR and uterine contraction moni-
toring in the viable fetus should be performed pre- and postproce-
dure to assess the fetal status and uterine quiescence.

B A qualified individual adept at both performing fetal assessment
and interpreting FHR characteristics and the status of uterine
activity should be readily available.

B A healthcare clinician with cesarean birth privileges should be
readily available.

B Neonatal and pediatric service should be available in the institu-
tion performing the surgery.

B Intraoperative fetal monitoring may be appropriate when all of
the following can be accomplished:

B Viable fetus.

B External application of ultrasound and tocotransducer, if

feasible.

B Informed consent for cesarean birth before surgery, if time permits.

B Type of surgical procedure allows for safe interruption or

alteration to provide access for emergency cesarean birth.

B Appropriate equipment to perform a cesarean birth and neona-

tal resuscitation.

The FHR characteristically demonstrates a decreasing baseline that
may remain in the lower limits of normal and decreasing variability
with induction of general anesthesia (Fig. 8.4). Minimal or absent vari-
ability without decelerations is not associated with an interruption of
the oxygenation pathway when an obstetric patient is receiving general
anesthesia [56].This change in variability may be related to a portion
of the fetal brain stem, which regulates the FHR being anesthetized
[57,58]. Moderate FHR variability will return when inhalation anesthe-
sia is discontinued [56]. Baseline FHR and variability changes caused
by intraoperative medication administration must be differentiated from
FHR alterations that result from fetal hypoxia such as recurrent decel-
erations, tachycardia, or bradycardia. Tachycardia and spontaneous
decelerations are usually not found in these patients unless a woman is
febrile or hemodynamically unstable [56,59,60]. Postoperative moni-
toring of FHR characteristics and uterine activity is continued as appro-
priate for gestational age, type of surgery performed, physician orders,
and presence or absence of uterine contractions. Interpretation and
management of intraoperative and postoperative FHR changes should
be guided by the principles outlined in Chapters 2, 5, and 6.
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Tocolytic Agents and Antenatal Corticosteroids

The preterm birth rate in women having non-obstetric surgical pro-
cedures is higher than national vital statistics data, but this is often
related to the surgical procedure, uterine manipulation, or the under-
lying condition requiring surgery [56]. For example, appendicitis
activates the inflammatory process making it difficult to conclude if
preterm birth is related to the actual surgery or the pathophysiologic
pathway of infection. Routine administration of prophylactic toco-
lytic agents is not beneficial because these agents are not indicated
for preterm labor prevention [61]. Evaluation using methods such as
fetal fibronectin or transvaginal cervical length may be more useful.

A prophylactic course of antenatal corticosteroids may be con-
sidered between 23 and 24 0/7 to 36 6/7 weeks’ gestation to enhance
fetal lung maturity, given that there may be a potential increased risk
for preterm birth. The decision to administer antenatal corticoste-
roids is individualized to the patient, the clinical situation, and risk
factors [62. Refer to Chapter 7 for dosing and FHR tracing interpreta-
tion after administration of this class of medication.

Fundamentals of Non-Obstetric Surgery

When surgery becomes necessary, especially in the second and third

trimester, the following points should be kept in mind:

B Preoperative cervical examination

B Preoperative medications to assist with gastric emptying and neu-
tralizing gastric contents

B [ eft uterine displacement after 20 weeks’ gestation

B Maintaining maternal oxygen saturation greater than 95% and
maternal mean arterial pressure greater than 65 mm Hg

B Neonatal equipment such as a radiant warmer, incubator, and
resuscitation equipment if surgery is performed outside an obstet-
ric unit and the fetus is considered viable

SUMMARY

A sound knowledge of maternal-fetal physiologic alterations is
essential to providing appropriate care to patients presenting for
emergent care or non-obstetric surgery. This allows for the imple-
mentation of a robust plan of care directed at reducing complications
during these unique situations. Adequate training, exceptional inter-
disciplinary collaboration, clear communication, and practical insti-
tutional protocols and checklists are the foundation for optimizing
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care. Collaboration between the emergency department, the surgical
department, and the obstetric staff ensures that evaluation and man-
agement is the same regardless of the location in the hospital.
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lectronic fetal heart rate (FHR) monitoring originally relied on
electrical signals derived from transducers that were applied
directly to the fetus. The requirement for membrane rupture limited
the technology to the intrapartum period. Later, the development of
Doppler ultrasound technology made it possible to monitor the FHR
externally, expanding the application of fetal monitoring to the ante-
partum period. Observations and experience gained from early intra-
partum monitoring were applied to the antepartum period, leading to
the development of antepartum testing.
The goals of antepartum testing are to identify
1. Fetuses at risk for injury caused by interrupted oxygenation so
that permanent injury or death might be prevented
2. Appropriately oxygenated fetuses so that unnecessary interven-
tion can be avoided

COMPARING ANTEPARTUM TESTING
METHODS

The false-negative rate is the key measure of effectiveness of any ante-
partum test. It is most often defined in the literature as the incidence
of fetal death within 1 week of a normal antepartum test (Box 9.1).
Reported false-negative rates range from 0.4 to greater than 6 per
1000 with current testing methods. The false-positive rate is another
important feature in antepartum testing. A false-positive test usually
is defined as an abnormal test that prompts delivery but that is not
associated with evidence of acute interruption of fetal oxygenation
(meconium-stained amniotic fluid, intrapartum FHR abnormalities,
abnormal umbilical artery blood gas results, low Apgar scores), or
chronic interruption of fetal oxygenation (fetal growth restriction
under the 10th percentile for gestational age). False-positive rates
range from 30% to 90% with current testing methods.

In August 2007, the Eunice Kennedy Shriver National Institute
of Child Health and Human Development (NICHD), the National
Institutes of Health Office of Rare Diseases, the American College
of Obstetricians and Gynecologists (ACOG), and the American
Academy of Pediatrics jointly sponsored a 2-day workshop to
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BOX 9.1 Key Measures of the Effectiveness of Antepartum
Testing

False negative: fetal death within 1 week of a normal antepartum test
False positive: abnormal test that prompts delivery but is not associ-
ated with acute or chronic interruption of fetal oxygenation

evaluate and summarize the scientific evidence supporting the use of
antepartum assessment of fetal condition [1].

Antepartum testing is used primarily in patients who are consid-
ered to be at increased risk for interruption of fetal oxygenation by
any of the mechanisms described in Chapter 2. The participants of
the 2007 NICHD workshop reviewed the evidence regarding indica-
tions for antepartum testing, the reported gestational ages at which to
initiate testing for various conditions, and the recommended options
for testing mode and schedule. They published their findings in 2009
[1]. Table 9.1 provides a summary of the available evidence regard-
ing testing indication, initiation, and mode and schedule of testing
from the 2009 report.

The panel concluded that data were insufficient to support recom-
mendations for the following conditions:

Advanced maternal age (>35 years)

Advanced maternal age (>40 years)

Black race

Maternal age <20 years

Nulliparity

Parity >10

Assisted reproductive technology

Abnormal serum markers

Obesity (body mass index >25)

Less than 12 years of education

Smoking >10 cigarettes per day

Thrombophilia

Thyroid disorders

If testing is to be used in these conditions, it should be initiated
in general no earlier than 32 to 34 weeks [2]. Possible exceptions
include conditions such as poorly controlled chronic hypertension
with fetal growth restriction, poorly controlled diabetes, or collagen
vascular disease [2]. Earlier initiation is likely to result in false-pos-
itive tests, possible unnecessary interventions, and potential iatro-
genic prematurity. The relative capabilities and limitations of various
methods of antepartum testing, including test indications, timing



Antepartum Fetal Assessment 223

TABLE 9.1
Testing

Recommendations for Initiation of Antepartum

Maternal and Fetal
Indications

Reported
Gestational Age
at Initiation

Reported Options for
Testing Mode and
Schedule

Diabetes: diet controlled

Diabetes: insulin controlled

Class A2, B, C, D without
hypertension, renal
disease, or fetal growth
restriction

Diabetes: insulin controlled

Class A2, B, C, D without
hypertension, renal
disease, or fetal growth
restriction

Diabetes: insulin controlled

Class A2, B, C, D without
hypertension, renal
disease, or fetal growth
restriction

Diabetes: insulin controlled

Class R or F

Diabetes: insulin controlled

Any class with hypertension,
renal disease, or fetal
growth restriction

Diabetes: insulin controlled

Any class with hypertension,
renal disease, or fetal
growth restriction

Chronic hypertension

Chronic hypertension

Chronic hypertension
with SLE, fetal growth
restriction, diabetes,
or pregnancy-induced
hypertension

Mild pregnancy-induced
hypertension

Severe pregnancy-induced
hypertension

Suspected fetal growth
restriction

Suspected fetal growth
restriction

Not indicated
32 weeks

32 weeks

34 weeks

26 weeks

26 weeks

28 weeks

26 weeks

33 weeks
26 weeks

At diagnosis

At diagnosis

At diagnosis

At diagnosis

Not applicable
Weekly CST with
midweek NST

Twice-weekly NST
or
Twice-weekly BPP

Twice-weekly NST
with weekly AFI

Weekly CST with
midweek NST
Weekly CST with
midweek NST

Twice-weekly NST
or
Twice-weekly BPP

Twice-weekly NST
plus AFI

Twice-weekly MBPP

Twice-weekly NST
with AFI

Twice-weekly MBPP

Daily NST with BPP if
nonreactive and AFI
twice weekly

Weekly NST plus AFI

UAD 1-2 times weekly

Continued
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TABLE 9.1
Testing—cont'd

Recommendations for Initiation of Antepartum

Maternal and Fetal

Reported
Gestational Age

Reported Options for
Testing Mode and

Indications at Initiation Schedule
Confirmed fetal growth At diagnosis Twice-weekly MBPP
restriction
Confirmed fetal growth At diagnosis UAD 1-2 times weekly
restriction
Concordant twins 32 weeks Weekly NST plus AFI
Discordant twins At diagnosis Twice-weekly MBPP
Triplets 28 weeks Twice-weekly BPP
Oligohydramnios At diagnosis Twice-weekly NST
plus AFI
Preterm premature rupture of At diagnosis Daily NST or daily BPP
membranes
Gestational age 41 weeks 41 weeks Twice-weekly BPP or
weekly MBPP
Gestational age 242 weeks 42 weeks Twice-weekly MBPP
Previous stillbirth 32 weeks Twice-weekly MBPP

or weekly BPP or

weekly CST
Previous stillbirth 34 weeks or 1 Weekly MBPP
week before
previous
stillbirth
Decreased fetal movement At diagnosis MBPP
SLE 26 weeks Weekly CST, BPP, or
NST
Renal disease 30-32 weeks Twice-weekly BPP
Cholestasis of pregnancy 34 weeks Weekly MBPP

AFl, amniotic fluid index; BPP, biophysical profile; CST, contraction stress test;
MBPP, modified biophysical profile; NST, nonstress test; SLE, systemic lupus ery-
thematosus; UAD, umbilical artery Doppler.

From C. Signore, R.K. Freeman, C.Y. Spong, Antenatal testing—a reevalua-
tion: executive summary of a Eunice Kennedy Shriver National Institute of Child
Health and Human Development workshop, Obstet. Gynecol. 113 (3) (2009)
687-701. Available at www.ncbi.nlm.nih.gov/pmc/articles/PMC2771454/.

of initiation, and frequency of testing are summarized in ACOG
Practice Bulletin Number 145 [2]. Examples of indications for ante-
partum testing identified by ACOG are listed as follows.

Maternal conditions:

Pregestational diabetes

Hypertension

Systemic lupus erythematosus

Chronic renal disease


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2771454/
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Antiphospholipid syndrome
Hyperthyroidism (poorly controlled)
Hemoglobinopathies (sickle cell, sickle cell-hemoglobin C, or
sickle cell-thalassemia disease)
= Cyanotic heart disease
Pregnancy-related conditions:
Gestational hypertension
Preeclampsia
Decreased fetal movement
Gestational diabetes mellitus (poorly controlled or medically treated)
Oligohydramnios
Fetal growth restriction
Late-term or postterm pregnancy
Isoimmunization
Previous fetal demise (unexplained or recurrent risk)
Monochorionic multiple gestation (with significant growth
discrepancy)

METHODS OF TESTING

Contraction Stress Test and Oxytocin
Challenge Test

The first antepartum testing technique, the contraction stress test or
oxytocin challenge test, arose from intrapartum observations link-
ing late decelerations with poor perinatal outcome. The test sought
to identify transient fetal hypoxemia by demonstrating late decel-
erations in fetuses exposed to the stress of spontaneous (contraction
stress test) or induced (oxytocin challenge test) uterine contractions.
Kubli and associates reported that late decelerations occurring dur-
ing spontaneous uterine contractions were associated with increased
rates of fetal death, growth restriction, and neonatal depression [3].
Similar observations were made by other investigators using oxyto-
cin or nipple stimulation to provoke uterine contractions.

Interpretation and Management

The contraction stress test is considered negative if there are at least
three uterine contractions in a 10-minute period with no late decel-
erations on the tracing. In this case the routine weekly testing sched-
ule usually is resumed. Failure to produce three contractions within
a 10-minute window, or inability to trace the FHR, results in an
unsatisfactory test. Prolonged decelerations, variable decelerations,
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or late decelerations occurring with less than 50% of the contractions
constitute a suspicious or equivocal test. Decelerations that occur
in the presence of contractions more frequent than every 2 min-
utes or lasting longer than 90 seconds constitute an equivocal test.
Unsatisfactory, suspicious, or equivocal tests usually are managed
by further evaluation in the form of prolonged monitoring or repeat
testing after a reasonable interval, often the next day.

The contraction stress test or oxytocin challenge test is considered
positive when at least half of the contractions during a 10-minute win-
dow are associated with late decelerations. Usually, a positive con-
traction stress test or oxytocin challenge test warrants hospitalization
for further evaluation and/or delivery. Freeman and colleagues tested
more than 4600 women with the contraction stress test and reported a
false-negative rate of 0.4/1000 [4]. When the last test before delivery
was a negative contraction stress test, the perinatal mortality rate was
2.3/1000, compared with a mortality rate of 176.5/1000 when the
last test was a positive contraction stress test. Reported false-positive
rates for the contraction stress test range from 8% to 57%, with an
average of approximately 30% [5].

Interpretation summary of the contraction stress test is as follows:
®  Negative: no late or significant variable decelerations
m  Positive: late decelerations with 50% or more of contractions

(even if there are fewer than three contractions in 10 minutes)

m  FEquivocal-suspicious: intermittent late decelerations or signifi-
cant variable decelerations

m  FEquivocal: FHR decelerations that occur in the presence of con-
tractions more frequently than every 2 minutes or lasting longer
than 90 seconds

®  Unsatisfactory: fewer than three contractions in 10 minutes or an
uninterpretable tracing

Advantages and Limitations

Principal advantages of the contraction stress test include excel-
lent sensitivity and a weekly testing interval. Limitations include
a high rate of equivocal results requiring repeat testing, increased
expense and inconvenience (particularly if oxytocin is required), and
increased time requirement compared with the nonstress test (NST).

Procedures for Contraction Stress Testing

The contraction stress test can be performed by breast or nipple
stimulation or by administering an intravenous infusion with oxyto-
cin. Note that the contraction stress test is contraindicated in several
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clinical situations, including preterm labor, placenta previa, vasa pre-
via, cervical incompetence, multiple gestation, and previous classi-
cal cesarean delivery. The procedure for performing the contraction
stress test follows.

Procedure for Nipple-Stimulated Contraction Stress Test

1.
2.
3.

Assist the woman into a semi-Fowler’s position with a lateral tilt.

Position the tocodynamometer above the uterine fundus.

Place the ultrasound transducer on the maternal abdomen where

the clearest fetal signal can be obtained.

Monitor baseline FHR and uterine activity until 10 minutes of

interpretable data are obtained (defer nipple stimulation if three

spontaneous contractions of more than 40 seconds’ duration
occur within a 10-minute period).

Instruct the woman to brush the surface of the fingers over the nipple

of one breast through her clothes; continue four cycles of 2 minutes

on and 2 to 5 minutes off; stop when contraction begins and restimu-
late when contraction ends (if a 2-minute period has elapsed).

a. If unsuccessful after four cycles, restimulate the breasts for
10 minutes, stopping when contraction begins and resuming
when contraction ends.

b. If unsuccessful, begin bilateral continuous stimulation for
10 minutes, stopping when contraction begins and resuming
when contraction ends.

Discontinue nipple stimulation when three or more spontaneous

contractions lasting longer than 40 seconds occur in a 10-minute

period and are palpable to the examiner.

Interpret results and continue monitoring until uterine activity has

returned to the prestimulation state.

If nipple stimulation does not produce the desired uterine activ-

ity, an oxytocin-stimulated contraction stress test may be necessary.

Procedure for Oxytocin Challenge Test

The oxytocin challenge test is performed in the inpatient setting
because labor may be stimulated in some sensitive women.

1.
2.
3.

Assist the woman into a semi-Fowler’s position with a lateral tilt.
Place the tocodynamometer above the uterine fundus.

Place the ultrasound transducer on the maternal abdomen where
the clearest fetal signal can be obtained.

Monitor baseline FHR and uterine activity until 10 minutes of
interpretable data are obtained.

. Check the woman’s blood pressure and pulse.
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6. If fewer than three spontaneous contractions occur within a
10-minute period and if late decelerations do not occur with
spontaneous contractions, oxytocin can be initiated.

7. Piggyback oxytocin into the primary intravenous line in the port
nearest the intravenous insertion site.

8. Administer oxytocin, beginning with 0.5 to 2.0 mU/min, with a
constant infusion pump per facility protocol.

9. Increase the dosage of oxytocin infusion by 0.5 to 1.0 mU/min
at 15-minute intervals until the contraction frequency is three in
10 minutes of 40 seconds’ or more duration and contractions are
palpable to the examiner.

10. Discontinue the oxytocin when three contractions have occurred
within a 10-minute period of interpretable data.

11. Discontinue the oxytocin any time there is evidence of excessive
uterine activity, prolonged deceleration, or recurrent late decel-
erations; be prepared to administer terbutaline for tocolysis.

12. Continue to monitor until uterine activity and FHR return to
baseline status.

The Nonstress Test

FHR accelerations that occur in association with fetal movements
form the basis of the NST. Although many criteria have been reported,
a normal or “reactive” NST usually is defined by two or more accel-
erations in a 20-minute period, each lasting at least 15 seconds and
peaking at least 15 bpm above the baseline. Before 32 weeks, an
acceleration is defined as a rise of at least 10 bpm with a duration of
at least 10 seconds from the beginning of the acceleration until return
to baseline.

The NST is considered “nonreactive” if, after 40 minutes of con-
tinuous monitoring, the FHR tracing does not demonstrate at least
two qualifying accelerations within a 20-minute window [2,6]. In
most institutions, the test is repeated once or twice weekly. Boehm
and colleagues reported that twice-weekly testing yielded a threefold
reduction in the incidence of fetal death [7].

Alternately, fetal acoustic stimulation testing (FAST) can be used.
As discussed in Chapter 6, an FHR acceleration in response to fetal
vibroacoustic stimulation is highly predictive of the absence of fetal
metabolic acidemia and ongoing hypoxic injury [8-16]. Using an
artificial larynx placed on the maternal abdomen near the fetal head,
vibroacoustic stimulation is applied for 1 to 2 seconds. The test is
considered reactive if stimulation results in an FHR acceleration.
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(Note: The gestational age-related criteria for acceleration peak and
duration are the same for FAST as they are for the NST). Clinicians
should note that with FAST, only one application of vibroacoustic
stimulation is performed; if the fetus does not respond with an accel-
eration, the FAST is considered nonreactive.

Among 1542 women tested weekly with the NST, Freeman
reported a corrected fetal false-negative rate of 1.9/1000 [4].
Assessment of FHR characteristics other than accelerations (baseline
rate, variability, decelerations) may improve the sensitivity of the test.
Decelerations may be observed in 33% to 50% of patients undergo-
ing weekly NSTs [17-19]. In one study, reactive tests accompanied
by variable decelerations were associated with rates of meconium
passage and cesarean delivery for fetal indications that were similar
to those encountered with nonreactive tests [18]. Manning and col-
leagues concluded that FHR decelerations during the NST, regard-
less of reactivity, warrant consideration of delivery [20]. Reported
false-positive rates of the NST vary widely, with an average rate of
approximately 50%.

Interpretation and Management

The NST is interpreted as reactive or nonreactive (see Figs. 9.1

and 9.2).

m  Areactive NST is defined as two accelerations in a 20-minute period,
each lasting at least 15 seconds and peaking at least 15 bpm above
the baseline. (Before 32 weeks an acceleration is defined as a rise of
at least 10 bpm lasting at least 10 seconds from onset to offset.)
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Fig. 9.1 Reactive nonstress test in term pregnancy. Note accelerations
meet minimum criteria of 15 bpm or greater and last a minimum of
15 seconds or longer duration (onset to offset). FHR, fetal heart rate;
REF, Reference; UA, uterine activity.
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Fig. 9.2 Segment of nonreactive nonstress test in term pregnancy.
The lack of accelerations meeting minimum criteria continued for
40 minutes. FHR, fetal heart rate; UA, uterine activity.

= Anonreactive NST is a test that does not demonstrate at least two
qualifying accelerations within a 20-minute window.

A reactive NST with no significant decelerations is considered
normal, and the routine testing schedule is resumed (usually once
or twice weekly). A nonreactive NST requires further evaluation. In
most cases, a backup test is performed (a contraction stress test or a
biophysical profile [BPP]) [2]. Management is guided by the results
of the backup test. When performed twice weekly and interpreted
in the context of associated FHR patterns, the NST alone appears
to be an acceptable, although not optimal, method of antepartum
testing.

Advantages and Disadvantages

Advantages of the NST include ease of use and interpretation,
low cost, and minimal time requirement. The chief disadvantages
include a twice-weekly testing interval, a high false-positive rate,
and a higher false-negative rate than achieved with other methods.
Management of the NST is illustrated in Fig. 9.3.

The Biophysical Profile

The BPP, as described by Manning and colleagues [20], assesses
five biophysical variables. FHR reactivity, fetal movement, tone,
and breathing reflect acute central nervous system function, whereas
amniotic fluid volume serves as a marker of the longer term ade-
quacy of placental function. Two points are assigned for each normal
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| Nonstress test |

f | )

Reactive NST Non-reactive NST
and or
no significant decelerations significant decelerations
Y Y
Resume routine testing Back-up test
schedule (1-2 times weekly) (BPP or CST/OCT)
Y
Manage according to
results of back-up test

Fig. 9.3 Management of the nonstress test (NST). BPP, biophysical
profile; CST, contraction stress test: OCT, oxytocin challenge test.

variable and zero points for each abnormal variable, for a maximum
score of 10.

Interpretation and Management

Scoring the BPP is outlined in Table 9.2. A BPP score of § to 10,
with normal amniotic fluid volume, is considered normal, and the
routine testing schedule is resumed. A score of 6 is considered sus-
picious, and testing is usually repeated the next day. Scores less
than 6 are associated with increased perinatal morbidity and mor-
tality and usually warrant hospitalization for further evaluation or
delivery.

The BPP is a reliable indicator of fetal well-being. The false-neg-
ative rate is superior to that of the NST alone and compares favorably
with the false-negative rate of the contraction stress test. One study
reported a false-negative rate of 0.6/1000 among 12,620 women
tested weekly with the BPP [21]. Another study reported significantly
lower rates of cesarean delivery for fetal distress (3% vs. 22%), low
5-minute Apgar scores (1.6% and 3.2% vs. 12.5%), and meconium
aspiration syndrome when the last BPP before delivery was normal
versus when it was abnormal [22]. Among 19,221 referred high-risk
pregnancies, Manning and colleagues [23] reported a false-negative
rate of 0.7/1000. The false-positive rate of the BPP varies with the
score of the last test before delivery, ranging from 0% if the last BPP
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TABLE 9.2 Scoring the Biophysical Profile

Biophysical

Variable Score 2 Score 0

Fetal breathing At least one episode Absent fetal breathing

movements of fetal breathing movements or less

movements of at least than 30 seconds
30-second duration of sustained fetal
in a 30-minute breathing movements
observation in 30 minutes

Fetal movements At least three trunk/limb  Fewer than three
movements in 30 episodes of trunk/
minutes limb movements in 30

minutes

Fetal tone At least one episode of Absence of movement or
active extension with slow extension/flexion
return to flexion of
fetal limb or trunk;
opening and closing
of hand considered
normal tone

Amniotic fluid Deepest vertical pocket Deepest vertical pocket
>2 cm <2cm

Nonstress test Reactive Nonreactive

score before delivery was 0, to more than 40% if the last BPP score
was 6.

Advantages and Limitations

Advantages of the BPP include excellent sensitivity, a weekly test-
ing interval, a low false-negative rate, and improved detection of
structural fetal anomalies. The primary limitation is the require-
ment for personnel trained in sonographic visualization of the fetus.
Additionally, although the duration of ultrasound observation is less
than 10 minutes in the majority of cases, the complete BPP is more
time-consuming than other noninvasive tests. However, when all
ultrasound variables are normal, addition of the NST does not appear
to alter the discriminative accuracy of the test.

The Modified Biophysical Profile

The modified BPP (MBPP) combines the strengths of the NST (ease
of use, low cost) and the complete BPP (improved sensitivity, low
false-negative rate), while minimizing the requirement for additional




Antepartum Fetal Assessment 233

training in sonographic visualization of the fetus. The test is performed
once or twice weekly and uses the NST as a short-term marker of fetal
status and the amniotic fluid volume as a marker of longer term placen-
tal function. In 2014 ACOG changed the requirement for evaluation of
amniotic fluid volume in an MBPP from the traditional four-quadrant
amniotic fluid index to a single deepest vertical pocket of greater
than 2 cm [2].

Interpretation and Management

Interpretation of the NST incorporates assessment of reactivity,
baseline rate, variability, and FHR decelerations. Late, prolonged,
or significant variable decelerations, particularly in the setting of
low-normal amniotic fluid volume (single deepest vertical pocket
2 cm or less), are considered abnormal. The MBPP is considered
normal if the NST is reactive and the amniotic fluid volume mea-
surement is a single deepest vertical pocket of greater than 2 cm
[2]. Regardless of reactivity of the NST, oligohydramnios consti-
tutes an abnormal test.

If the MBPP is normal, the routine testing schedule is resumed.
If the MBPP is abnormal, a backup test is warranted. The BPP
and the contraction stress test are the most common backup tests
and perform similarly with respect to perinatal morbidity and
mortality [2]. Further management is guided by the results of
the backup test. Management of the MBPP is summarized in
Fig. 9.1.

Nageotte and coworkers [24] evaluated 2774 high-risk preg-
nancies with twice-weekly MBPPs and reported one unexplained
fetal death within 1 week of a normal test result, for a false-neg-
ative rate of 0.36/1000. Another study, by Miller and colleagues
[25], reported 54,617 MBPPs in 15,482 high-risk pregnancies.
Antepartum testing in high-risk pregnancies yielded a fetal death
rate that was nearly sevenfold lower than that in the untested,
“low-risk” population. The overall false-negative rate of the MBPP
was 0.8/1000, and the false-positive rate was 60%. Abnormal test
results prompted intervention in 15.5% of the tested population;
however, iatrogenic prematurity occurred in only 1.5% of women
tested before 37 weeks. Large studies reveal the false- negative rate
of the MBPP to be similar to that of the contraction stress test and
the complete BPP. When using the MBPP, amniotic fluid evalua-
tion may be done weekly or twice weekly, depending on gestational
age and initial and ongoing evaluation of amniotic fluid volume
[26,27].
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| Modified Biophysical Profile |
[

Y Y

Reactive NST Non-reactive NST
and or
no significant decelerations significant decelerations
and or
deepest vertical pocket >2 cm deepest vertical pocket =2 cm
Y ¢
Resume routine testing Back-up test
schedule (1-2 times weekly) (BPP or CST/OCT)
Y
Manage according to
results of back-up test

Fig. 9.4 Management of the modified biophysical profile. BPR, bio-
physical profile; CST, contraction stress test; OCT, oxytocin challenge
test.

Advantages and Limitations

Advantages of the MBPP are that it is easier to perform and less
time-consuming than the contraction stress test or the complete
BPP. The sensitivity of the MBPP is superior to that of the NST
alone. Limitations include the need for backup testing in 10% to
50% of patients, a high false-positive rate, and a twice-weekly
testing interval. Fig. 9.4 depicts a schematic for management of
the MBPP.

Fetal Movement Counts

Maternal perception of normal fetal movement has long been rec-
ognized as a reliable indicator of fetal well-being. Conversely, pro-
longed absence of fetal movement may signal fetal death. Cessation
of fetal movement in response to hypoxia has been demonstrated in
animal studies; however, controlled data in human fetuses are lack-
ing. Nevertheless, any acute change in the number or strength of
fetal movements should prompt further evaluation. Many clinicians
recommend routine fetal movement counting, particularly in women
who are considered high risk [28-30].
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Interpretation and Management

A common approach is to recommend the pregnant woman count

fetal movements for 1 hour each day.

= Ten fetal movements in a 1-hour period are considered reassuring.

= [f fewer than 10 movements are perceived, counting is continued
for another hour.

= Fewer than 10 movements in a 2-hour period should alert the
patient to contact her physician for further evaluation.

Another approach calls for the pregnant woman to count move-
ments for 1 hour three times per week. Yet another calls for move-
ment counting two to three times daily for 30 minutes. With this
latter approach, further evaluation is recommended if there are fewer
than four strong movements in a 30-minute period.

Evidence from one study using nonconcurrent controls demon-
strated a lower rate of fetal death and a higher incidence of interven-
tion for fetal distress in patients using a formalized protocol of fetal
movement counting [29]. Although there is insufficient evidence
to recommend routine fetal movement counting in all pregnancies,
fetal movement counting is an inexpensive method of involving the
patient in her own care and carries few if any risks [1].

Doppler Velocimetry of Maternal and Fetal
Blood Vessels

Doppler velocimetry of fetal, umbilical, and uterine vessels has
been the focus of intensive study in the last years. This technology
uses systolic/diastolic flow ratios, such as resistance and pulsatility
indices, to estimate blood flow in various arteries. In pregnancies
complicated by fetal growth restriction, addition of Doppler velo-
cimetry has been shown to improve perinatal outcome [1,31,32].
Although severe restriction of umbilical artery blood flow—as
evidenced by absent or reversed flow during diastole—has been
correlated with fetal growth restriction, acidosis, and adverse
perinatal outcome, the predictive values of less extreme devia-
tions from normal remain undefined. In conditions other than fetal
growth restriction resulting from placental dysfunction, Doppler
velocimetry does not appear to be a useful screening test for the
detection of fetal compromise. Umbilical artery Doppler velocim-
etry it is not recommended for use as a screening test in the general
obstetric population.
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Doppler velocimetry of the fetal middle cerebral artery (MCA)
demonstrates increased diastolic flow velocity in the setting of
reduced fetal oxygenation, reflecting decreased resistance to flow.
This autoregulatory reflex is known as the brain-sparing effect of
hypoxemia [33]. The peak systolic velocity in the MCA has been
shown to increase significantly in the setting of fetal anemia, and it
can predict moderate to severe anemia with sensitivity and negative
predictive values that equal or exceed those of the traditional method
of amniocentesis for delta OD 450 determination [22,34-38].

The cerebroplacental ratio (CPR) is the ratio of the pulsatility
indices of the MCA and the umbilical artery. The pulsatility index is
an indicator of resistance to blood flow; high pulsatility indices reflect
increased resistance to blood flow, low pulsatility indices reflect low
resistance. In the setting of suboptimal fetal oxygenation caused by
placental dysfunction, the numerator of the ratio (MCA pulsatility
index) will decrease, reflecting decreased resistance to forward flow
in the MCA. At the same time, the denominator of the ratio (the
umbilical artery pulsatility index) will increase, reflecting increased
resistance to forward flow in the umbilical arteries. The combina-
tion of a decreasing numerator and a rising denominator results in a
greater change in the CPR than that observed individually in either
the MCA or umbilical artery pulsatility indices. This has led some
to suggest that the CPR is more accurate than either of its individual
components. A 2018 systematic review and meta-analysis included
128 studies of CPR, umbilical artery Doppler, and MCA Doppler
[39]. The CPR performed better than umbilical artery Doppler alone
in identifying the need for emergency delivery for fetal distress and
in composite adverse neonatal outcomes in singleton pregnancies.
CPR and umbilical artery Doppler performed similarly for all other
outcomes. The authors could not demonstrate a benefit of the CPR
over umbilical artery Doppler alone in the setting of late fetal growth
restriction.

A number of studies have evaluated the utility of uterine artery
Doppler waveform analysis in the prediction of fetal growth restric-
tion [40]. In the setting of an abnormal uterine artery Doppler wave-
form, the pooled likelihood ratio was 3.67 for the development of
fetal growth restriction. When Doppler velocimetry measurements
are used in antepartum fetal surveillance, they should be interpreted
in the context of the clinical setting and the results of other tests of
fetal status. In the setting of fetal growth restriction, Doppler velo-
cimetry used in conjunction with standard fetal surveillance, such as
NST or BPP, is associated with improved outcomes [2].
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Biochemical Assessment

Amniocentesis for Fetal Lung Maturity

Amniocentesis is an invasive procedure in which a needle is intro-
duced into the amniotic cavity to remove amniotic fluid for analysis.
It is performed under ultrasound guidance using a 20- to 22-gauge
spinal-type needle placed transabdominally to withdraw 5 to 20 mL
of amniotic fluid (Fig. 9.5). In the second trimester, amniocentesis
is used frequently to detect a number of abnormalities, including
aneuploidy. In the third trimester, it is used primarily to assess fetal
lung maturity (FLM). Risks in the third trimester are relatively few
and include bleeding, infection, membrane rupture, preterm labor,
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Fig. 9.5 Amniocentesis. Amniotic fluid is aspirated with a sterile syringe.
The sample is centrifuged to separate cells and fluid.
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preterm delivery, and alloimmunization in the setting of blood type
incompatibility. Amniotic fluid can be used to assess FLM by a num-
ber of methods.

Lecithin-to-Sphingomyelin Ratio

Pulmonary surfactant contains primarily phospholipids. Surfactant
acts as a surface detergent at the air-liquid interface of the alveoli,
preventing collapse at the end of expiration. The lecithin-to-sphin-
gomyelin (L/S) ratio compares the concentrations of two phospho-
lipids, lecithin and sphingomyelin, which are major components of
surfactant. In the third trimester, an increase in lecithin causes a rise
in the L/S ratio. A ratio of 2.0 or greater is associated with a low risk
of neonatal surfactant-deficient respiratory distress syndrome (RDS).

The following interpretation is generally accepted:

L/S Ratio Fetal Lung Risk for RDS
>2.0 Mature Minimal
1.5-2.0 Transitional Moderate
<L.5 Immature High

L/S, lecithin-to-sphingomyelin; RDS, respiratory distress syndrome.

Note that the presence of blood or meconium can interfere with
the results of the L/S ratio.

Foam Stability Test

This test is based on the ability of surfactant to generate stable foam
when ethanol is added to the amniotic fluid specimen. Ethanol, iso-
tonic saline, and amniotic fluid at varying dilutions are shaken together
for 15 seconds. At the proper dilution, a ring of bubbles at the air-lig-
uid interface after 15 minutes indicates probable FLM (Fig. 9.6).

O-

Positive foam test Negative foam test

Fig. 9.6 Foam stability test (shake test). For the test to be positive, bubbles
must be seen around the entire circumference of the tube.
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Phosphatidylglycerol

The presence of phosphatidylglycerol can be ascertained quickly and
is not affected by blood or meconium. The presence of phosphati-
dylglycerol indicates a low risk for RDS. Whenever possible, FLM
assessment should be based on phosphatidylglycerol in combination
with the L/S ratio.

Fluorescence Polarization (Fetal Lung Maturity-Il Assay)

The FLM-II assay uses fluorescence polarization to determine lipid
membrane fluidity in amniotic fluid.
Interpretation of the FLM-II assay is summarized as follows:
Mature >55 mg/g
Transitional 40 to 54 mg/g
Immature <39 mg/g

Lamellar Body Count

Lamellar body counting measures the number of surfactant-contain-
ing particles in amniotic fluid directly by using the platelet chan-
nel of a standard hematology cell counter. The size and number of
lamellar bodies in the amniotic fluid are predictive of FLM [41].
Interpretation is summarized as follows:

Mature >50,000/pL

Transitional >15,000 to <50,000/uL

Immature <15,000/pL

SUMMARY

Our ability to assess the condition of the fetus has improved
dramatically since fetal monitoring was introduced into clinical
practice. Although diagnostic precision is enhanced by electronic
FHR monitoring and ultrasound technology, room for improve-
ment remains. Electronic FHR monitoring is a very sensitive tool
for the detection of interrupted fetal oxygenation; truly compro-
mised fetuses rarely fail to exhibit abnormal FHR patterns. The
converse, however, is not true. FHR patterns such as decelera-
tions, tachycardia, and intermittent reduction in variability and/
or accelerations are frequently observed in the absence of fetal
compromise. The limited positive predictive value is the princi-
pal shortcoming of FHR monitoring. Accuracy may be improved
by combining FHR analysis with assessment of biophysical vari-
ables, such as amniotic fluid volume, fetal movement, breathing,
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tone, and blood flow characteristics. The most effective combi-
nation of variables has not been defined, and no one approach
to fetal surveillance has demonstrated clear superiority over the
others. Despite the limitations, antepartum testing in high-risk
pregnancies has been reported to yield a fetal death rate lower
than that observed in untested, low-risk pregnancies [25]. If this
observation is substantiated, future investigation will be needed
to address the role of antepartum fetal surveillance in uncompli-
cated, low-risk pregnancies.
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Patient Safety, Risk
Management, and
Documentation

Knowledge of the basic principles of law and the effect on the
obstetric clinicians who provide patient care is an essential
aspect of professional practice. In today’s healthcare climate, there is
a reasonable expectation for clinicians to stay abreast of key aspects
of obstetric care and electronic fetal monitoring (EFM) including
clinical reasoning and information to determine a diagnosis, termi-
nology, and evidence-based interventions and processes to uphold
patient safety’s basic tenets [1]. This chapter provides an overview
of the relevant litigation issues and documentation principles that
clinicians practicing in the obstetric specialty are challenged with
understanding and practicing in daily clinical practice.

RISK MANAGEMENT

Risk management related to healthcare organizations is a con-
tinual process of identifying and mitigating, and when necessary
controlling liability risks to a healthcare organization [2]. Two
critical elements of risk management include risk reduction and
risk mitigation. Risk reduction seeks to avoid preventable adverse
outcomes, decreasing the risk of litigation. Risk mitigation is
overseeing liability exposure after a preventable or unprevent-
able adverse outcome [3]. In obstetrics, safety initiatives such
as quality improvement efforts have gradually transitioned from
being local programs from a single hospital to statewide efforts
through state-based perinatal quality collaboratives [4]. Presently,
national initiatives are being incorporated into these perinatal
collaboratives across the United States to improve the quality of
care of women and newborns. Multiple studies have been pub-
lished regarding the use of patient safety bundles, evidence-based
guidelines, and interdisciplinary education to improve processes
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of care and patient outcomes. This includes literature that sup-
ports the use of interdisciplinary teamwork in EFM interpretation
and data that consistently demonstrated significant decreases in
perinatal morbidity and mortality related to intrapartum asphyxia,
low Apgar scores, hypoxic-ischemic encephalopathy, and subop-
timal obstetric care [5-11]. In all healthcare specialties, initia-
tives in patient safety share several general themes, including a
human factor approach to error, standardization of clinical prac-
tice, and emphasis on a team approach that places high value on
communication.

THE DECISION-MAKING PROCESS IN
ELECTRONIC FETAL MONITORING AND
INTERMITTENT AUSCULTATION

In daily clinical practice, clinicians often engage patients in health-
care discussions in one-way conversations that are based on best
practices and available evidence [12]. These dialogues often include
benefits, risks, and alternatives that are parallel to what a reason-
ably prudent individual of similar training and background would do
under the same circumstances. This is referred to as informed con-
sent because a patient will either agree or refuse a proposed option in
regard to invasive treatments and procedures [13]. Although written
informed consent is not a legal requirement for either intermittent
auscultation (IA) or EFM, a discussion regarding mode of monitor-
ing is the responsibility of the midwife or physician with the nurse
having an independent duty to act as a patient advocate. For example,
a woman may not understand why a physician has planned to start
oxytocin for labor augmentation and placement of an internal moni-
tor. A nurse may provide basic patient education regarding EFM, but
he or she is obligated to notify the primary provider if the patient
continues to have questions regarding the intent of the procedure.
This allows the provider to have further discussion and clarification
before instituting the procedure.

In the current healthcare climate, there is a movement to change
these one-way informed consent conversations into two-way dis-
cussions in which a partnership is formed with a patient during the
decision-making process. This exchange of information, commonly
referred to as shared decision-making (SDM), incorporates an indi-
vidual’s values, goals, and preference before giving informed consent
[12]. There are three fundamental components of the SDM model



Patient Safety, Risk Management, and Documentation 245

[12,14]. First, accurate, impartial, and comprehensible information,
including the right to refuse the proposed plan of care is relayed to
the patient. Second, the SDM process requires a clinician be present
and proficient in communication to that the data presented are indi-
vidualized to a particular situation. Last, the woman’s individual’s
values, goals, informed preferences, and concerns are incorporated
into this conversation.

In obstetric practice, there is a plethora of information that needs
to be conveyed to the pregnant patient. Depending on the clinical
scenario, this information can be overwhelming and a patient may
feel compelled to agree to a plan of care without fully understand-
ing the associated risks, benefits, and alternatives. Therefore insti-
tutions that provide labor and birth services may consider creating
patient decision aids regarding fetal surveillance options and other
antepartum and intrapartum topics. These tools allow patients to
be better participants in the decision-making process and contain
information on the risks, benefits, and alternatives, and burdens of
options [ 14]. Additionally, these fact sheets help patients clarify and
communicate personal values on different aspects of the options
being presented. Basically, decision aids help educate patients in
an unbiased format. Box 10.1 provides a list of discussion points
that an interdisciplinary team may incorporate into these fact sheets
during the development phase of a fetal surveillance tool. These
instruments can be particularly important when discussing IA as
the guidance from several professional organizations can be incor-
porated into the document. More specifically, the American College
of Obstetricians and Gynecologists (ACOG) has stated that there

BOX 10.1 Discussion Points for Electronic Fetal Monitoring
and Intermittent Auscultation Decision Aid

1. Clinical indications for IA or EFM (e.g., risk factors).

2. Description of the procedure that will be used for fetal surveillance,
which could include the technique (Doppler vs. fetoscope,
abdominal fetal electrocardiogram or telemetry) and the frequencies
of assessment based on risk factors and the stage of labor.

3. Review of risks and benefits with discussion concerning the lack of
quality evidence and the grading quality of evidence and strength of
recommendations made in the literature.

4. Alternatives to an absolute use of either |A or EFM as there
are clinical situations that may warrant some combination of
intermittent EFM with IA.

EFM, electronic fetal monitoring; /A, intermittent auscultation.
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is no clear benefit for EFM over IA in women not experiencing
complications [15]. The Association of Women’s Health, Obstetric
and Neonatal Nurses (AWHONN) asserts a woman’s preferences
and clinical presentation should guide selection of FHM techniques
and that the least invasive method of monitoring is preferred to
promote physiologic labor and birth [16]. The American College of
Nurse-Midwives (ACNM) affirms that IA is the preferred method
for intrapartum fetal surveillance for women who are considered to
be low risk at labor onset for developing fetal acidemia and are at a
term gestational age [17]. Nevertheless, both EFM and IA may be
the basis of a malpractice allegation in the event of an unexpected
adverse outcome. Providing evidence that the patient received
informed consent using an SDM model is both ethically correct
and sound risk management.

CENTRAL CONCEPTS IN LIABILITY CLAIMS

Failure to do something that a reasonable and prudent clinician
would do in the same circumstances is known as malpractice or
professional negligence. Clinicians are held to national standards
of care and practice within the “same or similar circumstances” and
“reasonably expected” parameters. Standards of care come from
a variety of sources as shown in Fig. 10.1 Negligence is the fail-
ure to act in the required manner, causing harm to an individual.
Malpractice is an unintentional act performed by a professional
acting in a professional capacity that causes harm to an individual.
Under the rule respondeat superior, “let the master answer,” an
employer is held liable for acts of malpractice committed by an
employee while performing duties for which he or she was hired.
Clinicians are encouraged to have a rudimentary understanding of
the law and the medical malpractice claim process, which has pre-
dictable steps and elements that must be proven [1]. Tort is a form
of civil law addressing an act or omission that causes injury or harm
to a person and is divided into three categories: intentional, strict,
and negligence. To establish negligence in a medical liability claim,
four criteria must be satisfied: duty, breach of duty, causation, and
harm or injuries [1,18].
= Duty: a professional relationship that is established between a
patient and a clinician or a legal obligation to an individual who
may be affected by specific actions.
= For example, the primary nurse who cares for the laboring
patient throughout the duration of the shift fulfills this criteria.
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Fig. 10.1 Standard of care sources. ACNM, American College of
Nurse-Midwives; ACOG, American Congress of Obstetricians and
Gynecologists; AWHONN, Association of Women's Health, Obstetric
and Neonatal Nurses; EMTALA, Emergency Medical Treatment and
Active Labor Act. (Courtesy Rebecca L. Cypher, MSN, PNNP.)

®  Breach of duty: a clinician’s practice has neglected to meet an
appropriate standard of care in which a reasonably prudent per-
son of similar experience and training would do under the same
circumstances.
= For example, failure to perform corrective interventions for a

Category III tracing is a breach of duty.

m  Causation: a causal connection between harm and a clinician’s
actions or lack of actions (breach of duty) caused by a failure to
meet a standard of care.
= For example, causation can be established between 100 mcg

of vaginal misoprostol, tachysystole, and uterine rupture
when administered for cervical ripening in a postterm labor
induction.

®  Harm or injury: actual harm or injury occurred to the woman,
fetus, or neonate as a result of the breach of duty.
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= This takes the form of punitive, economic, or noneconomic dam-
ages such as payment for healthcare expenses; loss of past, pres-
ent, and future wages; or loss of a chance of survival.

COMPONENTS OF CARE: ASSESSMENT,
COMMUNICATION, AND DOCUMENTATION

There are three critical components to providing adequate patient
care: assessment, communication, and documentation (Fig. 10.2).
At times, hospital policies and protocols, especially those related to
documentation, fail to appreciate that there are distinct differences
between these elements. This results in clinician’s being unable to
remain in compliance with policies that have been set forth while
spending excessive amounts of time “nursing the chart” and “moni-
toring the computer” instead of providing direct patient care. A brief
review of these components is necessary.

Assessment is the evaluation of a patient’s status and is constant,
ongoing, and detailed. Healthcare professionals observe and perform
tasks that are clinically relevant but do not warrant communication or
documentation in a medical record. Examples include introducing the
healthcare team at the beginning of a work shift, changing a disposable
underpad after amniotic membrane rupture, or simply offering words

\

Fig. 10.2 lllustration of the relationship between assessment, com-
munication, and documentation in daily clinical practice. (Courtesy
Lisa A. Miller, CNM, |D.)
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of encouragement to a woman experiencing painful uterine contrac-
tions. Realistically, there is absolutely no rationale and nor is it physi-
cally possible to either communicate or document all the assessments
and activities of any clinician. Thus the frequently quoted adage “‘if it
wasn t charted, it wasn't done” has never been and will never be true
because it has no legal basis [19]. Yet many clinicians readily agree
with this statement because a plaintiff attorney will have only the med-
ical record and the patient or support system’s story to rely on when
determining whether an allegation of malpractice has any merit [19];
except, the defense team has a number of options for providing proof
at deposition or trial outside the medical record. Testimony on the basis
of what a defendant clinician can recall or remember from caring for
the patient can be used. A clinician’s usual or routine practice also can
be used at the time of testimony.

Communication is slightly less broad than assessment but also
encompasses more than any clinician can or should document in the
medical record. Oftentimes, communication in the obstetric setting
is routine, consisting of sharing information or giving instructions
to patients and their support systems. For example, notification of
the senior obstetric resident by an intern or a discussion between a
staff nurse and the charge nurse in relationship to a patient’s ongoing
Category I tracing may not require documentation in the medical record
depending on the clinical scenario. Conversely, notification of the mid-
wife regarding labor progress and fetal status may be quite detailed in
communication but could be documented simply as “Provider updated
as to patient status.” as the actual data are reflected in ongoing docu-
mentation. There is no legal requirement to document verbatim each
and every conversation that occurs over the course of labor and birth.
In addition, this is not an effective use of a clinician’s time.

Documentation is the least broad of the three categories. Yet a
clinician’s documentation is the most singularly important piece of
evidence in litigation because the primary exhibit in a malpractice
case is the medical record. Accordingly, a complete, accurate, and
contemporaneous record is the foundation of a plaintiff or defense
attorney’s ability to demonstrate the merits of a liability claim. The
best evidentiary friend of a plaintiff attorney is either absent, inaccu-
rate, or inconsistent documentation of the care provided. Inaccurate
documentation can stem from a competency issue, for example, if the
fetal heart rate (FHR) or uterine activity (UA) is not appropriately
interpreted or when inappropriate terminology is used to describe
what is present on the tracing. One illustration of unacceptable docu-
mentation is found in Fig. 10.3. Both physician and nursing summary
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documentation described the tracing as sketchy in relationship to a
noncontiguous tracing that had transitioned to a Category Il trac-
ing. In situations similar to this example, immediate impressions are
often formed when clinical notes such as these are reviewed from a
medicolegal perspective [20].

LIABILITY IN FETAL MONITORING

Litigation related to healthcare is a relatively prevalent occurrence in

the United States. Traditionally, obstetrics has had one of the highest

rates of paid malpractice claims to include higher average indemnity

payments and higher paid-to-closed ratios than most medical specialties

[21]. One of the most commonly cited motives to pursue litigation in

the obstetric environment is from the EFM perspective because ongoing

tracing interpretation and management is the most common task clini-

cians perform during the intrapartum period. Common allegations that

are frequently cited in malpractice claims related to EFM include:

= Failure to recognize Category II or III FHR tracings and appropri-
ately manage indeterminate and abnormal patterns

= Failure to maintain an adequate FHR and UA signal source for
interpretation

= Failure to recognize signal ambiguity in a timely manner

Failure to complete ongoing EFM education as an individual cli-

nician or in a collaborative setting

Failure to adhere to policies and procedures

Failure to communicate because of lack of knowledge or fear of conflict

Failure to maintain an organizational culture

Failure to use the chain of command when required

Failure to maintain situational awareness

Failure to provide adequate documentation in the medical record

Table 10.1 outlines potential ways to decrease the risk of liability

related to fetal monitoring.

FETAL MONITORING DOCUMENTATION

Obstetric safety is a high priority in today’s healthcare environment with
contemporaneous, complete, and objective documentation being the
foundation for continuity of care and communication between clinicians
[21]. Documentation promotes improved quality of care by encourag-
ing assessment and reevaluation of progress and clinical management
plans while meeting professional and legal standards. The American
Reinvestment and Recovery Act introduced language that paper medi-
cal records would be replaced with electronic health records (EHRs) to
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TABLE 10.1 Limiting Liability Mistakes in Electronic Fetal
Monitoring

1. Establish a patient relationship from admission to discharge that allows
for open communication that is timely, straightforward, and transparent.

2. Keep current with evidence-based practice related to maternal-fetal
physiology, fetal heart rate interpretation, and interventions.

3. Know and use applicable published standards and guidelines for
electronic fetal monitoring.

4. Follow unit policies, to include electronic fetal monitoring and
documentation.

5. Maintain adequate interpretable fetal heart rate and uterine activity tracing.

6. Recognize indeterminate and abnormal fetal heart characteristics.

7. Attend interdisciplinary fetal monitoring education to include formal in-
person lectures, case reviews, and debriefs after unanticipated outcomes.

8. Membership in professional organizations.

9. Maintain professional licensure and certification, including electronic
fetal monitoring.

Adapted from: R. L. Cypher, Electronic fetal monitoring documentation,
J. Obstet. Gynecol. Neonatal Nurs. 32 (1) (2018) 24-33.

allow for greater interoperability. This would allow for health informa-
tion exchange as an initiative to improve the quality of healthcare [22].
Today’s EHRs have reached a higher level of precision incorporating
technology that incorporates a variety of features. These records are a
vital attribute of a clinician’s responsibility to document certain aspects
of healthcare, communication with the clinical team, and patient edu-
cation, thus promoting patient safety [23]. Regardless of the healthcare
specialty, adherence to fundamental documentation strategies is crucial
because thorough and complete documentation reflects a healthcare pro-
fessional’s character, competency, and care delivery [24]. In contrast,
incomplete and insufficient charting can affect healthcare delivery, bed-
side care, professional accountability, and increase an individual’s or
hospital’s risk for a liability claim. Three leading professional organiza-
tions in the United States, including the ACOG, AWHONN, and ACNM,
endorse the National Institute of Child Health and Human Development
(NICHD) standardized approach to terminology and nomenclature to
describe FHR tracings and UA and use of a three-tier categorization
system [ 15-17,25]. Unfortunately, selected healthcare clinicians remain
slow in accepting the use of these standardized terms or decline to use
approved nomenclature despite publications from recognized organiza-
tions and up-to-date EFM education. Similar to other obstetric situa-
tions, this creates an increased risk for patient safety errors and liability
claims caused by inaccurate communication between healthcare clini-
cians and inconsistencies in medical records related to the absence of



Patient Safety, Risk Management, and Documentation 253

critical thinking in interpretation, continuity of care, clinical decisions,
and interventions [20,26].

DOCUMENTATION COMPONENTS OF
THE ELECTRONIC FETAL MONITORING
EVALUATION

Six components form the basis of EFM interpretation and manage-
ment. These characteristics should be included in all FHR and UA
documentation when data are able to be interpreted:
Baseline rate
Baseline variability
Presence of accelerations
Presence of periodic or episodic decelerations
UA: frequency, duration, intensity, and resting tone
Changes or trends over time
The last component, changes or trends over time, is apparent by
reviewing previous FHR and UA documentation or examining sev-
eral hours of the FHR tracing. However, when clinicians use narra-
tive charting, as is the case for physicians and midwives, changes
or trends over time may need to be specifically acknowledged.
Regardless of the method of charting or clinical context, clinicians
can remember the important aspects of documentation by use of the
simple acronym CLEAR [19,20]:
m  Contemporaneous: charted near the time of the assessment, pro-
cedure, or occurrence (i.c., 30—60 minutes).
m  Logical: easily understood and clear.
= Consider SOAP (subjective, objective, assessment, plan) for
progress notes.
m  Explicit: use standardized FHR and UA terminology.
= Avoid vague or ambiguous terms.
®  Accurate: Reflects correct times and sequence of events.
= Record must be truthful.
®  Readable: Entries must be legible if paper charting is used.
Integrating these key concepts with EFM documentation can result
in the development of sound, clinically realistic documentation poli-
cies that reflect interdisciplinary collaboration. In addition, clinicians
and organizational leadership must be able to articulate and endorse
the six key principles that are essential to effective documentation and
communication [27]. These principles are outlined in Table 10.2 and
include specific recommendations that are applicable to EFM.

AN
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TABLE 10.2 Principles of Effective Obstetric Documentation

and Communication

Documentation quality

Interdisciplinary
education and
training to include
physicians,
midwives, and
nurses

Documentation and
communication
policies

Medical record security

Documentation entries

Permanently accessible, retrievable, and
available for audits

Thorough, accurate, relevant, and consistent
Clear, concise, timely, and complete
Legible regardless if paper or electronic
format

Entered contemporaneously and sequentially
Reflective of nursing process and critical
thinking

Apply standardized EFM nomenclature to
entries

Avoidance of nonspecific terms such as
reassuring and nonreassuring

Provide evidence of patient handoffs
Comprehensive EFM education and training
plan for new employees incorporating
technical elements of charting with
organization or unit documentation policies
Ongoing follow-up education for all
employees to reinforce information and
documentation trend updates

Conduct team training

Familiarization with organization and work
location documentation and communication
policies that include chain of command,
consultation and on-call policies, transfer
policies, and conflict resolution

Consider annual review of key policy by
bedside clinicians and leadership

Integrated into documentation systems that
abide by recommended industry standards,
governmental mandates, accrediting
agencies, and organizational policies
Includes: data security, protection of
patient identification, confidentiality of
patient information, clinical professionals’
information, and organizational information

Medical record entries must be:

Accurate, valid, and complete

Authenticated demonstrating entries are
truthful, the clinician is readily identified, and
information has not been added or inserted
Dated and time-stamped by the clinician
Legible/readable

Completed using standardized terminology
and abbreviations
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TABLE 10.2 Principles of Effective Obstetric Documentation and
Communication—cont’d

Standardized Standardized terminologies and The Joint
nomenclature Commission—approved abbreviations that are
used to describe plan, deliver, and evaluate
nursing care based on professional organizational
guidelines and position statements

EFM, electronic fetal monitoring.
From: R. L. Cypher, Electronic fetal monitoring documentation, ]. Obstet.
Gynecol. Neonatal Nurs. 32 (1) (2018) 24-33.

COMMON DOCUMENTATION DILEMMAS

A number of EFM documentation issues come into question in clini-
cal practice that can create difficulties in litigation if not addressed
in policies or handled before an adverse event occurs in the obstet-
ric setting. Several common documentation questions center around
what should be included in a complete and thorough notation and
what should be avoided in medical record entries. Are summary
terms, such as FHR categories, required in all entries? Is quantifica-
tion of FHR deceleration, specifically depth and duration, necessary?
How frequently are FHR and UA assessments documented? In addi-
tion, concerns may arise when clinicians use conflicting or contradic-
tory statements or nomenclature that can confuse the clinical picture.
Each hospital must address these issues and provide guidance for
staff members that is reasonable and based on evidence-based guide-
lines when possible. There are few absolutes for any of these issues,
and institutional approaches will naturally vary, but some general
principles will provide a starting point for team discussion.

Use of Fetal Heart Rate Categories

Prior to 2008, poorly defined summary terms, specifically reassuring
and nonreassuring, were used to classify FHR tracings. Although both
terms are frequently found in the literature, there are no standardized
definitions based on the NICHD recommendations and these terms
should be abandoned in both communication and documentation.
Instead, a three-tiered system for the categorization of FHR patterns is
used in the United States [25]. For purposes of documentation, assess-
ment and interpretation of the individual components of the FHR trac-
ing are charted at specific intervals rather than the category. Although
some hospitals have mandated categories be documented in addi-
tion to the six components of adequate FHR and UA documentation,
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there are no published recommendations from professional organiza-
tions requiring categories should be charted in a medical record [20].
Several issues should be considered when policies require categories
to be charted with all FHR entries. Documenting redundant infor-
mation is time-consuming because FHR characteristics are already
documented. This also is counterproductive, considering the already
burdensome paperwork responsibilities of the bedside nurse [19]. In
the event an allegation of harm is claimed, FHR and UA characteris-
tics, and corrective measures and presence of communication between
healthcare providers, are reviewed, not which category was identified
in the medical record. Additionally, if the wrong category is charted,
this may be viewed as an example of a clinician who has insufficient
education and competency related to FHR interpretation. Fig. 10.4

05:30
Vital Signs
HR
SpO2 (%)
Uterine Activity
Monitor Mode Palpation
Frequency (min) 5
Duration (sec) 60-80
Quality Moderate
Pattern Normal: <5
Contractions in 10
Minutes
Resting Tone Toco Relaxed
Fetal Assessment A
Monitor Mode External US
FHR Baseline Rate 150
Variability Moderate 6-25 bpm
Decelerations Early; Late
Actions for Fetal Decelerations Side to Side
Category Category |
Interventions
1V/Blood Work
Patient Care Comments
Communication

Fig. 10.4 Incorrect documentation of fetal heart rate (FHR) category.
HR, heart rate; IV, intravenous; US, ultrasound.
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is an example of the misuse of category terminology. When using
EFM, a record is created and is archived permanently in a paper for-
mat or electronically. Both formats have the potential to be compro-
mised either because the paper tracing is lost or for the electronic
archival system fails to store data. Clinicians who document the FHR
components always can determine what the corresponding category
was at the time in question, but the reverse is not true [28]. The cli-
nician who simply documents a category will not be able to later
articulate the FHR components if the tracing is unavailable. Clearly
stated, although FHR categories can be helpful in writing policies
and procedures, these terms are limited in usefulness during depo-
sition or trial, during which clinicians are expected to be able to
provide specific answers regarding patient assessment. FHR catego-
ries are summary terms that clinicians should know and be able to
apply and articulate if queried; they are not required documentation
components.

Documentation of Uterine Activity

Patients may be placed at an increased risk for harm, which is an
entryway to liability when healthcare providers are not adept at
understanding uterine physiology and using appropriate terminology
when documenting UA [29]. Therefore clinicians are responsible
for recognizing that the terms normal and tachysystole are sum-
mary terms used to describe UA based on frequency of contractions
in 10 minutes averaged over a 30-minute time frame [25]. Terms
such as hyperstimulation, hypercontractility, hypertonic, hypotonic,
polysystole, skewed contractions, and paired contractions are ill
defined in the literature and not supported by the NICHD document
or professional organizations. These terms should be abandoned
and not used in communication, documentation, or published lit-
erature as this serves as a vehicle for further errors. Comprehensive
documentation includes a clear picture of all the UA components
of assessment as a whole, including frequency, duration, strength,
and resting tone (see Chapter 4). Documentation related to UA also
should reflect the mode of assessment (external or internal), resting
tone and intensity to palpation when using a tocodynamometer, and
resting tone and intensity to palpation when intrauterine pressures
need to be confirmed. Similar to FHR categories, there is no justifi-
cation for adding a summary term, such as tachysystole, to each UA
entry where documentation already includes the individual compo-
nents assessed.
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Quantification of Decelerations

Historically, clinicians were instructed to document the presence of peri-
odic and episodic patterns by name (e.g., accelerations and early, late,
variable, and prolonged decelerations) and extensive details about the
FHR pattern, especially decelerations (e.g., variable decelerations with
pushing lasting 60 to 90 seconds down to 50 to 65 bpm at nadir lasting
10 to 15 seconds with quick return to baseline). This practice is no longer
encouraged or recommended in routine practice. On occasion, variable,
late, and prolonged deceleration patterns may need to be further quanti-
fied based on data showing a relationship between deceleration area and
the risk for fetal acidemia to guide clinical management [30-32]. This is
accomplished with a summary note documenting the components of the
FHR pattern, whether the decelerations are recurrent, and the duration
(onset to offset) and depth of nadir to show trends over time.

Frequency of Electronic Fetal Monitoring
Assessment and Documentation

Although assessment and documentation are often used interchange-
ably with EFM, these are two separate tasks. Assessment is a system-
atic and dynamic way to collect and analyze data [33]. Documentation
is simply a tool to record this information in one place as a mecha-
nism to communicate these findings. There is a paucity of literature
detailing the optimal frequency of FHR assessment and documenta-
tion [20]. There are no published peer-reviewed data demonstrating a
positive effect on perinatal outcomes when current EFM assessment
guidelines are applied at the beside and used for charting frequencies
[20]. Frequency of assessment of a FHR tracing varies depending on
the stage of labor, the risk status of the patient in labor, and other clinical
factors such as previous FHR characteristics or interventions that have
been performed. For physicians and midwives, there are specific time
and date requirements to complete a medical record that are dictated
by regulatory and insurance agencies related to the history and physi-
cal, surgical procedure. and postoperative notes, and discharge summa-
ries. Writing notes at regular intervals related to individual encounters
between a physician or midwife with a patient is common sense. This
demonstrates continuity of care, especially if different healthcare pro-
fessionals are involved in treating a patient. Additionally, ongoing doc-
umentation can ensure appropriate information is accessible to relevant
clinicians and will assist in management of the patient throughout the
labor course. In regard to nursing documentation, Table 10.3 illustrates
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the recommended assessment intervals, not documentation intervals,
for FHR and UA patterns. More clearly, this table does not make recom-
mendations for documentation intervals because each institutional pro-
tocol should delineate both the frequency of FHR tracing and frequency
of documentation findings. The concept of simultaneous assessment
and documentation, especially in high-risk and second-stage labor, is
unrealistic and unnecessary.

Appropriate Use of Fetal Heart Rate and Uterine
Activity Terminology

The incorrect use of nomenclature often creates difficulties for clini-
cians in both the screening and testimonial phases of malpractice liti-
gation. When a medical record is initially reviewed by the plaintift’s
counsel to determine whether there is merit to a medical malpractice
claim, the record provides the only documentation available at that
point in time. Flow sheet and narrative entries will be read against
subsequent clinician’s notes and an EFM tracing. Accurate recog-
nition and description of FHR and UA assessments in the patient’s
chart demonstrate attentive and competent care. Inaccurate or incor-
rect terminology in a medical record when read and compared with
the objective fetal heart tracing increases the likelihood of litigation.
Statements such as “doing well” or “no change” are vague and do not
describe the clinical scenario. Another example is that of a nursing
summary note in regard to a laboring patient on oxytocin.

Patient with complaints of leaking fluid. Significant amount of
bleeding noted. Dr. Jones called to come to bedside—currently en
route. Verbal order to check patient. Writer unable to reach cervix, but
one golf ball-sized clot came out with exam. FHR tracing reactive.

In this scenario, there are several criticisms, but the highlighted
issue related to documentation is the use of the word reactive. This
term is reserved for patients that are receiving antepartum fetal sur-
veillance and not for intrapartum care.

Compounding the matter further, inconsistent and inaccurate
terminology or an inability to define FHR and UA terms according
to recognized standard terminology also creates difficult obstacles
later, such as during the testimonial phase of litigation. When a clini-
cian uses modified or nonstandardized terminology, other healthcare
clinicians and potentially expert witnesses will not understand the
full extent of what is meant. For example, terms such as “spikes,”
“nitnoids,” “ditzels,” “little variables,” “variables with late com-
ponents,” “beat-to-beat variability,” and “short-term and long-term
variability” have no place in communication between clinicians
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caring for an obstetric patient. This creates unclear communication,
which can result in medical errors or the appearance of errors within
a medical record. Use of these terms also can send the wrong mes-
sage to not only a plaintiff attorney’s team during deposition but also
to the jury at the time of trial. Another example is exemplified by the
following deposition excerpt that occurred after the NICHD consen-
sus statement was published.

Deposition Excerpt

A certified nurse midwife (CNM) was questioned in deposition by
the plaintiff’s attorney (PA) to define the categories of variability that
have been identified in the portion of the FHR tracing that was under
scrutiny.

PA: 1 see that you have circled the sections in this 10-minute
period of the FHR tracing that you believe to be minimal vari-
ability. By the way, can you define what minimal variability
is?

CNM: I can’t remember the exact beats per minute off the top of
my head. But in general, I look at minimal variability as being
more of a flat tracing. It’s when you aren’t able to observe as
many jiggles or grass marks in the FHR tracing.

PA: That being said, can you define moderate variability?

CNM: If you were to look at a tracing in between the 10-second
blocks, you’ll have an increase within 6 to 15 bpm. Anything
greater than that is considered marked variability.

Clinicians should use standardized terminology that can support
the defense of a medical malpractice action; more importantly, it
allows the obstetric team to communicate clearly and make certain
they are accurately discussing the findings and placing the same sig-
nificance on each term.

Location of Nursing Assessment and Documentation

Intrapartum care is often delivered in an environment that is cen-
tered primarily on technology such as EFM and vital sign equipment,
intravenous pumps, and computer documentation stations surround-
ing a patient’s bedside. This atmosphere and a clinician’s ability to be
receptive to each patient’s individual needs can interfere with effec-
tive patient care, especially from the nursing perspective [20]. Group
interactions on an inpatient unit for social and nonsocial reasons are
also a frequent occurrence. Priority should be placed on assessment
and documentation taking place at the bedside [20]. By charting at
the bedside, clinicians are less likely to be faced with interruptions
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from other individuals or asked to perform non—nursing-related tasks
that have been shown to have a negative effect on individualized care
and patient safety [34,35]. On occasion, assessment and documenta-
tion may need to occur from a remote location, such as an outpatient
clinic, triage, the operating room, or when staffing requires a nurse to
care for more than one patient. In general, the practice from charting
at the desk or other alternative location should not be exercised on a
routine basis.

Late Entry

Late entry notes are generally considered to be those entries that are
not made in a reasonable time period in conjunction with assess-
ments or after an event has occurred. Delays in documentation can
potentially affect a clinician’s memory, leading to uncertainty about
vital details or sequence and timing of actions and interventions [20].
Contemporaneous data entry is not always possible because clini-
cians are required to dedicate full attention to changes in maternal—
fetal condition, such as an emergent cesarean birth for an umbilical
cord prolapse, and not on documentation. Late entries should follow
a format established by each healthcare facility, if available, and are
completed as soon as possible after an event [20]. Documentation
policies should dictate the maximum time period an entry on patient
care can be made before becoming late. There are no legal or pro-
fessional organization time frame recommendations for what consti-
tutes a noncontemporaneous note, but using the phrase “Late Entry”
in charting that is greater than 1 to 2 hours seems practical [20,28].
After an event or other clinical situation has been resolved, patient
care needs or obstetric unit responsibilities can affect a healthcare
provider’s ability to complete a contemporaneous note. In these
cases, clinicians have a professional responsibility to ensure late
entries are written prior to the end of a scheduled shift. Completing
a late entry on another shift or several days later is not acceptable
and may be interpreted as being self-serving or defensive, making
the clinician appear unreliable and less credible [28]. Regardless of
whether paper or electronic documentation is used, notes are labeled
as late with the date and time charting took place if electronic chart-
ing is not available. Other requirements include stating why a note
was delayed, the events in the sequence of order as it occurred with
times recorded whenever possible, and a complete EFM assessment
if applicable to the clinical situation. Here is one example of late
entry: Late entry because of urgency of patient care situation. Patient
presented to triage at 0425 via ambulance with painful contractions,
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bright red vaginal bleeding and ping pong ball-sized clots at 38 2/7
weeks’ gestation. Monitoring showed FHR baseline 180, absent vari-
ability, recurrent late decelerations that quickly deteriorated to a bra-
dycardic rate to the 50 to 60s. Contractions every 1 to 2 minutes
lasting 70 to 90 seconds. IV fluids, oxygen, and lateral positioning
initiated. Patient quickly moved to OR per Dr. Buck for emergent
cesarean at approximately 0450. Pediatrics paged with arrival in OR
at approximately 0455. FHR 50s via doptone in OR. Time of birth
0506. Apgars 1, 2, and 5. Refer to delivery summary and neonatal
resuscitation flow sheet for further details. Some clinicians, specifi-
cally nurses, think short-interval EFM documentation (e.g., every
15 minutes) as outlined in organizational policies is a time-consum-
ing nuisance that can be left until the end of a shift or several hours
after a birth is complete. This results in rushed entries that lack depth,
detail, and do not represent the general context of late entry docu-
mentation. This places an increased risk of critical data being lost,
potentially leading to adverse outcomes [36]. Also, hours of “catch-
up” charting, especially in nonemergent scenarios or when the nurse
to patient ratio cannot be achieved, can potentially influence how a
case is defended as the jury may find this practice unacceptable. An
audit trail will verify who entered data, location of entry (bedside or
remote location), and the date and time of all entries. Some docu-
mentation systems also reflect the time the entry was actually made.
In situations where clinicians back chart for several hours of data,
the entry time is recorded wherever a clinician desires the entry to be
placed, and an actual time documentation also is recorded. Fig. 10.5
represents an example of a reasonably timed entry. Fig. 10.6 char-
acterizes an entry that was made on the next shift after an adverse
neonatal outcome. These entries will be scrutinized closely as being
reflective of a patient not being monitored closely, poor time man-
agement skills, or that care was negligent.

ELECTRONIC FETAL MONITORING
DOCUMENTATION POLICIES

Hospital policies are designed to [37]

= Facilitate adherence with recognized professional practices

= Promote compliance with regulations, statutes, and accreditation
requirements

®=  Reduce practice variation between clinicians
Standardize processes and practices across multiple entities
within a hospital or a health system
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= Serve as a resource for all staff
m  Reduce reliance on memory, which increases the risk of error
Unfortunately, hospitals often can have policies that can create
inconsistent or conflicting standards. On occasion, policies are outdated
or have not been reviewed or revised to reflect more contemporary rec-
ommendations and literature [20]. Documentation policies will vary
depending on the type of medical record (paper or computerized),
style of charting (flow sheet or narrative), clinical context (labor
evaluation or nonlabor complaint), and other factors. Nevertheless,
fetal monitoring policies must be reasonable and rational regarding
all three areas, assessment, communication, and documentation, as
previously discussed. One example of an unreasonable documenta-
tion policy written by a director who lacked an obstetric background
who misinterpreted a professional organization’s position statement
stated:
= When FHR is outside normal range, the FHR should be assessed
and documented
= Every 15 minutes in latent phase
= Every 5 minutes during the active and transition phases
= Every 2 to 3 minutes during the second stage
This policy is useless from the standpoint of a clinician who can-
not meet this hospital’s documentation expectations. Lack of docu-
mentation or inadequate documentation policies can have significant
legal consequences [20]. This can lead to a plaintiff expert or attor-
ney’s accusations that a clinician is not meeting the standard of care
as set forth by the hospital. A more logical and practical policy that is
achievable by clinicians may state the following:
= Recommended documentation intervals in the high-risk patient
include a summary note of FHR and UA activity every 15 to
30 minutes or more frequently based on the clinical scenario.
Documentation policies related to EFM should address the
following:
m  Recognition of the difference between assessment and
documentation
= Components of FHR evaluation to include baseline rate,
baseline variability, presence of accelerations, and periodic/
episodic decelerations with each FHR entry when data are
interpretable
= Components of UA evaluation, including frequency, dura-
tion, strength, and resting tone with FHR entry when data are
interpretable
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= Frequency of FHR and UA evaluation/assessment
= Minimum frequency of documentation of FHR and UA
findings

SUMMARY

Fetal monitoring is a screening tool that can potentially prevent
adverse outcomes only when used by competent clinicians who have
been adequately trained to use a standardized approach for EFM
interpretation and management. Progressive high-reliability obstet-
ric units can use an SDM model in conjunction with patient safety
bundles, evidence-based guidelines, and interdisciplinary education
to improve healthcare processes of care as a mechanism to improve
patient outcomes. Clinicians that have the context for understand-
ing the basics principles of the law and the effect on a legal claim
will be able to respond appropriately. Furthermore, healthcare pro-
fessionals will know what to expect during the investigation and
potential discovery and deposition process that may lead to trial or
settlement. Prompt recognition of frequently encountered EFM chal-
lenges may reduce potential liability as long as there is evidence that
interpretation and clinical management is conducted in a collabora-
tive environment. The obstetric liability environment will continue
to generate much discussion in the future. Therefore incorporating
patient safety programs and other initiatives into healthcare reform is
an important aspect of reducing adverse events that result in medical
malpractice.
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Obstetric Models of Care and
Electronic Fetal Monitoring
Outside the United States

imilar to the United States, continuous electronic fetal monitoring

(EFM) in the obstetric setting is prevalent in many high-income
countries [ 1-3]. However, there are variations in models of antepar-
tum and intrapartum care, scenarios in which EFM is implemented,
terminology to interpret fetal heart rate (FHR) characteristics, and
adjuncts to fetal surveillance compared with the United States. This
chapter provides a brief overview of these differences.

OBSTETRIC MODELS OF CARE

Globally, physician-led, midwifery-led, or shared models of inter-
and intradisciplinary healthcare provides continuity care for preg-
nant women in the antepartum, intrapartum, and postpartum settings
[4-6]. In some countries, physicians undertake complete responsibil-
ity for obstetric patients. In other nations, midwifery-led care is a
core part of universal healthcare coverage and is representative of
the primary source of obstetric care, with patients only being trans-
ferred or referred to a physician when a complication is suspected or
diagnosed [4,7]. Last, the responsibility may be collectively shared
among midwives, nurse practitioners, and physicians throughout the
pregnancy course.

Regardless of the model of care, there is no decisive consensus
on the optimal birth setting. For example, guidelines in the United
Kingdom state that low-risk obstetric patients have several birth setting
options including physician-led hospital units, midwifery-supervised
hospital-based or free-standing community-based birth centers, or at
home [8,9]. In 2018 the World Health Organization published a com-
prehensive, evidence-based, and consolidated guideline on key recom-
mendations in intrapartum care regardless of the setting or level of care
[10] (Table 11.1). One fundamental concept is that birth will occur in
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TABLE 11.1 Care Throughout Labor and Birth

WHO Recommendation Description

Respectful maternity care Healthcare that maintains dignity,
privacy, and confidentiality ensures
freedom from harm and mistreatment,
and enables informed choice and
continuous support throughout labor
and birth

Effective communication Effective communication between
clinicians and patients in labor, using
simple and culturally acceptable

methods
Companionship during labor Support person of choice throughout
and birth labor and birth
Continuity of care Midwifery-led care model to support

patients throughout the antepartum,
intrapartum, and postpartum
continuum in settings in which trained
midwives are available

From World Health Organization (WHO), Intrapartum care for a positive child-
birth experience. Available from: https://www.who.int/reproductivehealth/
publications/intrapartum-care-guidelines/en/, 2018. (accessed 03-04-20).

a clinically and psychologically safe environment with a technically
competent staff [10]. The physician-led model of care is a separate
service from other healthcare disciplines [11]. In many countries, this
type of care can have an effective and powerful influence on women’s
care decisions [ 12]. For example, physicians may take a more medical-
ized approach by treating pregnancy as a pathologic condition using
a “high-tech” approach. This type of care may subsequently escalate
into unnecessary interventions and procedures that potentially cause an
increased risk to the maternal—fetal dyad [11,12].

Midwifery-led care is differentiated from other models of care
based on variations in philosophy about pregnancy and birth, the
goals and objectives of care, type of patient seeking midwifery-led
care, provider—client relationships, use of interventions during labor,
and the care setting [4,11,13,14]. Midwifery-led care is also distinc-
tive from other healthcare models because it unites public health with
clinical health, while combining access to all women and newborns
across the care continuum in both community and clinical facilities
[15]. In many countries outside the United States, midwives are the
primary obstetric care providers [4]. Women who receive midwifery-
led care experience fewer intrapartum interventions, a reduction


https://www.who.int/reproductivehealth/publications/intrapartum-care-guidelines/en/
https://www.who.int/reproductivehealth/publications/intrapartum-care-guidelines/en/
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in the use of analgesia and regional anesthesia, more spontaneous
vaginal births, fewer episiotomies, and less operative vaginal births
[4,16,17].

Interprofessional models of care, or shared models of care, are
those in which groups or individuals that represent the same or
similar field of work come together to provide specific patient care
services [18]. The focal point in this healthcare framework is the
role this methodology plays in delivering high-quality patient-ori-
ented services. Shared models of care can decrease cost, allow for
increased access to obstetric care, and are able to provide more effec-
tive healthcare, which in turn improves quality and optimizes peri-
natal and neonatal outcomes [11,18,19]. This care model is essential
because certain experiences and skills can only be found in a broad
range of healthcare professionals and disciplines [6]. For example, a
pregnancy that is complicated by an underlying fetal cardiac anom-
aly may be comanaged by a maternal—fetal medicine physician, pedi-
atric cardiologists, women’s health nurse practitioner, and obstetric
clinical nurse specialist. Interprofessional models of care also have
a similar goal: providing safe, effective, patient-centered care for
women and their families guided by shared rules and structures that
govern a mutually beneficial relationship [18]. In fact, studies evalu-
ating shared models of care between midwives and physicians have
demonstrated decreased rates of labor induction, oxytocin augmenta-
tion, and cesarean birth rates and in some cases similar neonatal out-
comes compared with physician-led management of labor [13,19].

ELECTRONIC FETAL MONITORING:
CARDIOTOCOGRAPHY

International literature frequently refers to EFM as cardiotocogra-
phy (CTG). These terms are used interchangeably in this chapter.
Additionally, publications from countries outside the United States
sometimes refer to FHR tracings or monitor strips as obstetric reg-
istrations, registers, or simply “traces.” Of note, when interpreting
traces in other countries, international paper speeds are often 1 or
2 cm/min versus the typical 3 cm/min seen in the United States.
Figs. 11.1 through 11.5 are examples of FHR tracings at 1- and
2-cm paper speeds. These tracing examples are provided to famil-
iarize the reader with the appearance of tracings at different paper
speeds. Consistent with the state of current practice, the figure leg-
ends reflect the terminology in use at the center in which the tracing
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Fig. 11.1 Normal cardiotocography with accelerations, paper speed
1 cm/min. FHR, fetal heart rate; UA, uterine activity. (Courtesy
Neoventa Medical, MoIndal, Sweden.)

R

[FHR-6pm
N yivar
il a1 | Ve Y 7
Ao i ﬁq""‘“ e At Y | Ll th 1 i
O o Ay
pers w2
“s
1
7 t &Y
] i 1ot
" v ) Thisa}
W) \ T T\ JAPRY
iERE EErEmat B
A A TN S Y i

Fig. 11.2 Normal cardiotocography with accelerations, paper speed
2 cm/min. FHR, fetal heart rate; UA, uterine activity. (Courtesy
Neoventa Medical, MoIndal, Sweden.)
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Fig. 11.3 Cardiotocography with variable decelerations, paper speed
1 cm/min. FHR, fetal heart rate; UA, uterine activity. (Courtesy
Neoventa Medical, Mélndal, Sweden.)



Obstetric Models of Care and Electronic Fetal Monitoring 273

s FrreEpm
YA W . P AT 7/} i
. vy P
L I P Y WD A T e
T W | A LA - — A
WA I AW )
1Y y| i s
ot i W it
L .4
oo o5
[UA- %% [UA
W
7 I\
/ N
 — i /hq bo
Vi Wi T e |

Fig. 11.4 Cardiotocography with variable decelerations, paper speed
2 cm/min. FHR, fetal heart rate; UA, uterine activity. (Courtesy
Neoventa Medical, MdIndal, Sweden.)

was obtained and do not necessarily coincide with guidelines from
the International Federation of Gynecology and Obstetrics (FIGO),
the Royal Australian and New Zealand College of Obstetricians and
Gynaecologists (RANZCOG), the National Institute for Health and Care
Excellence (NICE), or the Society of Obstetricians and Gynaecologists
of Canada (SOGC). Regardless of the country providing the obstetric
care or the birth setting (home, birth center, hospital), one of three types
of fetal surveillance can be used throughout the course of labor: inter-
mittent auscultation (IA), CTG, or a combination of both methods. IA
is discussed in greater detail in Chapter 3. Data regarding the exact per-
centage of intrapartum patients monitored with IA compared with EFM
are scarce. For example, by 2004, the United States ceased to report
EFM utilization rates in annual birth-related vital statistics because of
the high and stable rate of 89% of all births [20]. The introduction of
EFM in high-income countries has resulted in decreased IA rates as a
primary fetal surveillance option during the intrapartum period [21,22].

INTERNATIONAL INTERMITTENT
AUSCULTATION AND
CARDIOTOCOGRAPHY GUIDELINES

In 1987 a consensus development group presented a fetal monitoring
document to FIGO, which was subsequently adopted. The guidelines
promulgated by FIGO were an important landmark in CTG history,
and they still represent the sole international consensus document on
the topic [23]. Subsequently, multiple international professional orga-
nizations have published guidelines and recommendations regard-
ing IA and intrapartum fetal surveillance [9,10,23-29]. For example,
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NICE, which is supported by the Royal College of Obstetricians and
Gynaecologists (RCOG), is responsible for producing evidence-based
guidelines and quality standards for the United Kingdom. These intra-
partum guidelines recommend IA be offered to low-risk patients in
the first stage of labor regardless of the birth setting. Routine CTG is
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Fig. 11.5 Examples of various cardiotocography traces at 1 cm/min.
(A) Early decelerations. (B) Late decelerations. (C) Tachycardia.
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Fig. 11.5—cont’d (D) Prolonged decelerations. (E) Bradycardia.

(F) “Complicated” or “atypical” variable decelerations. FHR, fetal
heart rate; UA, uterine activity. (Courtesy Neoventa Medical, MdIndal,
Sweden.)

not performed on every patient. The NICE intrapartum guidelines also
have an inclusive list of risk factors that indicate the need for CTG.
For instance, continuous CTG is recommended if any of the follow-
ing risk factors occur: suspected chorioamnionitis, sepsis, or maternal
temperature of 38 °C or higher; severe hypertension (160/110 mm Hg
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or greater); oxytocin use; “significant” meconium; or vaginal bleed-
ing that occurs in labor. Continuous CTG is also advised if two or
more of the following are present: prolonged rupture of membranes
(>24 hours), moderate hypertension (150/100-159/109 mm Hg),
delay in first- or second-stage labor; or the presence of “nonsignifi-
cant” meconium [9].The RANZCOG has a comparable guideline on
intrapartum fetal surveillance. This document lists IA as an appro-
priate method of fetal monitoring in patients without preexisting
risk factors. Similar to the NICE guideline, continuous CTG is rec-
ommended when specific antepartum risk factors are identified and
include but are not limited to abnormal Doppler flow studies, amniotic
fluid abnormalities, hypertension, or diabetes. Intrapartum risk factors
requiring CTG also are similar to the NICE guideline and include risk
factors such as abnormal IA characteristics, labor induction, tachy-
systole, regional anesthesia, or prolonged first- or second-stage labor
and other conditions [26]. Similarly, IA is the SOGC’s recommended
method of fetal surveillance in low-risk pregnancies [27].

Guidelines for Terminology and Interpretation

Standardization of the visual interpretation of FHR characteristics
was developed to overcome intra- and interobserver variability dur-
ing fetal surveillance [30]. A single universal standardized system of
EFM terminology, interpretation, and management remains elusive.
When there is a lack of standardization regarding fetal surveillance
definitions, classification, and management, there is a risk for con-
flict and error, especially when healthcare providers travel abroad
for employment or when volunteering professional services to other
organizations or humanitarian efforts. For example, the RANZCOG
defines a prolonged deceleration as a decrease in the FHR baseline
for more than 90 seconds and up to 5 minutes as opposed to the NICE
guidelines, which define a prolonged deceleration as a decrease in
the FHR baseline by greater than 15 bpm lasting longer than 3 min-
utes [9,26,31]. Also, like the recommendations in the United States,
other international professional organizations have created three-tier
classification systems for CTG patterns, although each organization
uses different terminology. For example, the NICE guidance uses
normal, suspicious, and pathologic [9]. The SOGC use normal, atyp-
ical, and abnormal [27]. A separate classification system for antepar-
tum versus intrapartum tracings is found in the FIGO document [23].
Therefore being familiar with each country’s IA and CTG guidelines
is encouraged to optimize patient safety (Table 11.2).



Obstetric Models of Care and Electronic Fetal Monitoring 277

panuuod

abuel wianed jepiosnuls m SUOIRID|DIP A|Jed 3I9AS m saNUIW Op< JO}
|ewIoU Ul SUleWwdl 9)ed dJ3YM s3InuUIW Q| < Joj wdq gz 1o sanuiw SUOIRID[DIDP S|qelIeA JIDASS m wdq ¢> Ajjigenea
Buisyi 1o wdq 09 1< Tg YH4 = 08< Joj wdq 65 Ajiqeres yH1 = s2INUIW Op< 10} YH4 IULMSISIDd m
uonyde J3yiny saamnbaa au|aseq dfelld Jo sNUIW 0g< wdq > AjjigelieA YyH4 USISISISd = wdq o/ 1<
pue asjwoadwod je3ay  Jojwdq 9|<Jo wdqEOL>T19YHd m  wdq 9L<40 wdq oL 1g YH = 10001>794Hd =
Y3IM pajeiosse jewiouqy Jewiouqy s16ojoyieyd s1bojoyiey
2ouedIIUBIS UleAdUN JO S| m
seINUIW £> 3N SANUIW sanjesy
Z< uoness|adap pabuojoid 3|buis m |ewJou Y)IM SUOI}RIS[E0e ON m
SUOI]RID[DIDP 93e| JUSNIWIDIU| m s9)NuUIW ¢ 0}
sa|qeliea pajedlidwod aannadaiuoN = dn uoness@dap pabuojoid 3buls =
sainjeay bupedidwod suonela|d9p saInuiw
INOY}IM SUO[IRID[9I3P d|qelie) m a|qeliea pajediidwodun aAnnaday = 06< 0} SUOIIDRIIUOD JO 9%0G<
suonesa[Pdap Allel = uopnenwins SuoNeIB[PI3P 3|gelieA [ed1dh] = suonelaPd9p
suoljels|edde Juasqy m O__MUm YlM uolnjelsfadde jusasqy m sojnuiw o|geleA m
wdq g—¢ padnpai sanuiw 08-0% 10j widg G5 ANjiqerer m 06-0 404 wdq 6> AjigelieA yHY m wdq 5Z< Ajigeuep =
10 Bbupnpas AyjiqeeA YyH4 = elWYIAYY m wdq 0g1-191 s9)NUIW Q< 10}
wdqg 601-00L 19 ¥Hd = aulpseq Buisly = 1o wdq 601-001 19 YH4 = wdq Q-S Ayjiqeres =
paiejosi 1 asijwoadwod sa)nuIW 08—0¢€ (Buies jewiou wdq
12133 Yyum pajeposse aq  Joj wdq 091<Jo wdq LL-00L YH4 = € yum uondunfuod uijuasaud si 0/1-0SL 19 YH] =
01 AjPyj1jun ;jewiouqy Jesidfyy  Buimojjoy ays Jo auo) snomidsng snopidsng
SUOIJRIS[PI9P ON m suoijessPdde ON = wdq
SUONeIRPIY m SPU0d3s Of> oy SUONRISPISP ON m  SZ—6 AljigeeA YyHY =m
wdq 9z-9 Aujiqeen m  wdqg 65 4o wdq §Z-9 ANjiqeLeA YHY = wdq §z AyjiqeteA YHY = wdq
wdq 091-0LL g YH] = wdq 091-0LL g YH] = wdq 091-0LLI1gYH] = 0SL-0LL19 ¥Hd =
JeuwliON JeuwliON Amw._Jwﬁwu_ JdNnoj ||e 19w um_ﬁtv JeuioN JeuwlioN
DODZNVY J>50s IIN/D0d¥  (wmuedenu)) 0514

elR)14) uonedyisse]) K106aje) jeuoneusayul jo uospedwod z°LL I19VL



278 Chapter 11

"8r€-91¢€ (0202) (€) T "ueD "jodseuUAD
393590 ‘[ ‘96€ "ON ‘aul[dpInb snsuasuod wnyedesiul :DOUR(IBAINS Y3jeay [e3d4 ‘Uuewyg ‘M ‘1o °S {(0Z-+0-£0 Passadde) 610z ‘Jpd =1xa;4pd 6 | 0Z-UonIpIYly
-3UI[9PIND-§41/51331SGO~[@21UID/S3UIPPINBOZ % PUBOZ %IUBWIRILIS /U [BIHOZ %S LT %USWOM/VIATN-DODZNVYH/RIPAW/I LIS DODZNVY/Ne npa-bodzuel
//:5d13Yy wouy d|qe[leAy ‘Pa YN0y ‘Sauljapinn [ed1ul]d) adue|IdAINS 2194 winjedesu) ‘s)sibojodsruin pue suepleisqQ Jo ab3jj0D puejeaz MaN pue ueljensny
leAoy ‘Z1-6 (S102) (1) LEL 319ISqO "[093UAD *[ "Ju| ‘uopie}Ndsne JUHWIAU| :Buloyuow |e1d) wnyedesiul Uo saulPPING sNSU3sUOD QD4 ‘|[dued SNSUISUOD)
Madx3 Buuoyuoy [e394 wnuedenul QD4 ‘dumo( °S ‘sSIMaT A (0Z-+0-£0 PISSIIIL) 107 ‘06 | 6d/2ouepinb/sn Bio adiummm//:sdiy wouy ajqejieay “06 |
aulPpIND [ed1ulD IDIN “YMIgP|IYyd> Buunp saigeq J19Y) pue uswom Ayjeay jo aied wnpedenju] ‘9dus||adx3 21ed) pue YieaH JO dINHISU| [euoneN Wwol4
‘epeue) Jo sis160j0darUAD pue suePIRISqQ 40 A13100S
IDOS ‘s1s160j033RUAD pue suePLIRISqQ Jo 363(|0D [eAoy ‘DODY ‘sIsIbojodRRUAD pue suedLIRISqQ JO 3D3]j0D pueeaz MAN pue ueljensny [eAoy ‘DODZNVY
30Ud||90X3 2JeD pue y)jeaH Joj 3INMIsU| [euoneN ‘IOIN ‘So1IR1sqO pue ABojodaudnD jo uonesapaq |euoneusdul ‘0D ‘D1es Heay [e1dy ‘YH{ ‘dulpseq ‘19
*$911S PANUN A3 Ul SUOIIULRP pue sa1I0baed 10y 9 Ja1deyD) 0} 499y "A|UO 3sN |eUOIIEUIIUL 10) dJe B|ge) BY) Ul Pasl| sallobaed ay] 910N

Ajjiqeriea yH4 Juasqe 1o
paonNpal YIIm suonels[adsp e =
ANjiqeLeA YHH Juasqe
10 PadNPaJ YHM SUOIIRID|9IDP
3|qeneA pajedijdwod
juasqe Ayjigeren YyHy
eipJedApelg
yuiq pajypadxa ue apnpul
03 JudwRbreuew Ijeipawiwl
saainbaa pue asjwoadwod jeyay
YlIM pajedosse :jeuriouqy

s91nuUIW O[> INQ $ANUIW €T uiened [eplosnuis =
uoness@daQ pabuojoid sjbuIs = SUOI}LIS[9I9P 918 m
suolea|dap pabuojold = SUOIRIS[DI9P 918| JUSLINIDY m suoneJa[RIIp
SUOI}LIS[I3P 918 m suoljess[09p usanied [eplosnuls m dANRIRRdRI AlJed 2I9A9S m
suoleId[adap d|qeuiea pajeddwod aaadsy m SuOIeI9[I9pP 918 m suonels[ad9p
3|qeuea pajedldwo) = SUOI}LIS[DIOk JUSSAQY m suoieIa|ad9p pabuojold = S|CelIeA I9ASS m
DODZNVYH >90S IDIN/D0DY (wnysedesul) 0014

P, Auod>—ea3) uonedyisse]d L1obaje) jeuoneusaiu] jo uospedwod Z'LL I19V.L


https://www.nice.org.uk/guidance/cg190
https://ranzcog.edu.au/RANZCOG_SITE/media/RANZCOG-MEDIA/Women%27s%20Health/Statement%20and%20guidelines/Clinical-Obstetrics/IFS-Guideline-4thEdition-2019.pdf?ext=.pdf
https://ranzcog.edu.au/RANZCOG_SITE/media/RANZCOG-MEDIA/Women%27s%20Health/Statement%20and%20guidelines/Clinical-Obstetrics/IFS-Guideline-4thEdition-2019.pdf?ext=.pdf
https://ranzcog.edu.au/RANZCOG_SITE/media/RANZCOG-MEDIA/Women%27s%20Health/Statement%20and%20guidelines/Clinical-Obstetrics/IFS-Guideline-4thEdition-2019.pdf?ext=.pdf

Obstetric Models of Care and Electronic Fetal Monitoring 279

METHODS OF DETERMINING FETAL ACID-
BASE STATUS

EFM is an indirect method of measuring fetal oxygenation. This
technology seeks to identify FHR changes that represent an interrup-
tion in the oxygenation pathway allowing for timely corrective mea-
sures and intervention to reduce the risk of hypoxic injury or death.
Umbilical cord blood gas evaluation is considered the most objec-
tive method of assessing the metabolic state of the newborn at the
time of birth [32]. Alternatively, obtaining an umbilical artery lactate
level also may be used to predict acidemia at the time of birth. Both
methods are unable to measure real-time fetal acid—base status dur-
ing the intrapartum period. Umbilical cord blood gas and umbilical
artery lactate level measurements are discussed more thoroughly in
Chapter 6. Therefore in countries outside the United States, adjunct
methods to fetal surveillance are used in an attempt to reduce the
false-positive rate of CTG and identify the presence or absence of
fetal acidosis during labor [33].

Fetal Blood Sampling

Fetal blood sampling (FBS) is used outside the United States as

a direct approach to assessing fetal acid-base status during labor.

This intrapartum procedure involves collecting blood from the fetal

scalp to measure pH or to calculate lactate levels [32,34]. Specific

criteria that should be met when FBS is being considered include

26,27,35,36]:

Cephalic presentation

Gestational age 34 weeks’ gestation or greater

Membranes are ruptured

Minimal cervical dilation of at least 2-3 cm

Adequate equipment and expertise to promptly perform the blood

analysis

= Review of records for potential contraindications: HIV, hepatitis B
or C, or fetal coagulation disorders such as suspected hemophilia
In addition, the FHR pattern should be correctly interpreted using

a standardized approach to identify the indication for FBS, which is

used in conjunction with CTG. It can provide additional information

on fetal metabolic status at a specific moment before critical deci-

sions are made concerning the need for and timing of birth and the

type of anesthesia that will be used for either an operative vaginal or

cesarean birth [27,34,37,38].

—
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Fetal Blood Sampling for pH

FBS is considered an invasive procedure. Once the criteria mentioned
previously have been met, the fetal scalp surface is punctured through
an amnioscope with a small scalpel-like device. A fetal capillary blood
sample is collected with a heparinized glass tube. In some facilities, two
or three specimens are obtained from the same puncture site to verify
results [39]. A sample size of approximately 15 to 50 pL of blood is
sufficient to obtain a fetal blood pH value [35,39,40]. The procedure
must be repeated on a regular basis to guide FHR management [36,40].
There are considerable clinical, facility, and equipment requirements,
and precise technical skills for performing FBS, which in turn poten-
tially increases the inaccuracy rate of pH results [32,35,36]. For instance,
estimating capillary blood pH may be inaccurate as the collection site
is not representative of the actual acid—base balance [34]. The presence
of caput succedaneum or maternal sepsis and any samples that are con-
taminated with amniotic fluid or meconium can lead to erroneous values
[9,33,34]. Consequently, this may result in unnecessary interventions
such as cesarean birth in a fetus that is not hypoxic.

Another pitfall is the reported draw-to-result median time of 18
minutes with ranges of 12 to more than 30 minutes, which may result
in a delay in delivering a compromised fetus [41]. FBS does not
differentiate between metabolic and respiratory acidemia, because
only the pH value is measured [34]. A pH value >7.25 is normal
and represents adequate fetal oxygenation. Values between 7.21 and
7.24 are regarded as borderline and require corrective measures to
improve fetal oxygenation; sampling is repeated within 20 to 30 min-
utes. Values of pH <7.20 (or <7.15 in the second stage of labor) are
abnormal and require intervention [9,34,36,38,39]. Results should
be interpreted in the entire clinical context, which includes previous
FBS results, stage of labor, progress in labor, and clinical characteris-
tics of the FHR [35,41]. Available evidence to support FBS is mixed
and obstetric experts have questioned the continued use of fetal pH
measurement to reduce rates of cesarean birth and neonatal seizures
[9,27,33,34,42]. Nevertheless, professional organizations outside
the United States continue to reference the use of FBS for fetal pH
assessment in labor and a basis for clinical experience and research.

Fetal Scalp Blood Sampling for Lactate

Fetal lactate measurement has been proposed as an alternative to
fetal pH. Lactate is a marker or by-product of fetal dependence on
anaerobic metabolism related to periods of hypoxia [34]. Lactate
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measurement during the intrapartum period appears to be more spe-
cific than pH in predicting fetal acidemia. Therefore it is reasonable
to assume that fetal lactate levels represent the metabolic stage of
the acid—base balance, which is thought to be more closely related
to the condition of the fetus compared with a pH value [37,43,44].
The procedure for lactate sampling is analogous to pH sampling but
requires a smaller volume of blood (approximately 5 pL in a heparin-
ized glass tube) [34,43,45]. Lactate test strips and a lactate analyzer
are used rather than blood gas analysis equipment [41,44,46]. The
test strips and lactate analyzer are similar to glucometers. Available
data indicate normal lactate levels are greater than 4.2 mmol/L.
Values between 4.2 and 4.8 mmol/L are considered intermediate or
preacidemic. Repeat lactate testing in 20 to 30 minutes is recom-
mended when lactate levels are within this range. Results greater
than 4.8 mmol/L are abnormal and require intervention [37,38,47].
FBS for lactate levels has been shown to provide more precise infor-
mation on fetal acid—base status than do the pH and base deficits, has
quicker turnaround for sample results, and is quicker and easier to
perform [37,46].

ST Analysis of the Fetal Electrocardiogram

In countries independent of the United States, such as Sweden and
Norway, ST analysis of the fetal electrocardiogram (FECG) also may
be encountered as an adjunct to CTG to identify fetal hypoxia during
the intrapartum period. Unlike the other methods used to measure
fetal acid—base status, ST analysis does not require blood sampling.
This device assesses the fetal myocardial response to hypoxia based
on fetal ECG changes [48—51]. ST analysis of the fetal ECG is used
in combination with stringent FHR interpretation and published
management guidelines. ST analysis automatically analyzes the ratio
of the T and QRS amplitudes known as the 7/QRS ratio and the ST
interval [50-53]. Elevation or depression of the ST segment has been
shown to represent periods of fetal hypoxia [30,53—55]. The system
consists of a freestanding electronic fetal monitor with an exclu-
sive ST analysis software feature that records data via a specialized
fetal spiral electrode (FSE) (STAN; Neoventa Medical, Goteborg,
Sweden). Use of the adjunctive ST analysis option requires the fol-
lowing patient characteristics to be met [53]:

= Planned vaginal delivery

= >36 completed weeks’ gestation

= Singleton fetus
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= Vertex presentation
= Ruptured amniotic membranes
= Record review for potential contraindications: maternal infec-
tions with the risk of vertical transmission and fetal coagula-
tion disorders such as suspected hemophilia
Multiple research studies have been published about the role of
ST analysis in clinical practice. For example, several authors have
suggested that ST analysis can be used as an adjunct to CTG for
detecting fetal acidemia and improving perinatal and neonatal out-
comes [52,56-58]. Conversely, several systematic reviews and meta-
analyses propose that ST analysis does not demonstrate a significant
improvement in decreasing cesarean birth rates or adverse outcomes
compared with CTG alone [59-61]. The future of ST analysis remains
uncertain as experts have pointed out differences in study protocols,
inclusion criteria, enrollment rates, clinical guidelines, FBS use, and
definitions of outcome parameters. Also, discrepancies in data man-
agement and statistical methodology have been described [52].

SUMMARY

Unfortunately, there continues to be a lack of consensus for the
type of fetal surveillance in the intrapartum period and standardized
definitions related to FHR characteristics. Although IA is a recom-
mended and accepted practice for low-risk laboring patients in coun-
tries outside the United States, EFM and other adjunct methods of
assessing fetal well-being remain widespread in obstetric practice.
The institutional culture and other influences such as perceived legal
consequences or opinions that continuous monitoring offers more
authoritative information than IA may result in overreliance on EFM
[62—65]. Like the United States, CTG utilization in other countries
is fraught with challenges related to patient selection, standardiza-
tion of terminology, interpretation, labor management, and appropri-
ate application of adjunct tools. Regardless of the country in which
healthcare is provided, clinicians will need to work together with the
entire healthcare team to identify reasonable approaches to obstetric
care that make the best use of information provided by technology,
keeping in mind the importance of the relationship among patients
and their support systems. In the case of 1A and CTG, standardiza-
tion of guidelines and the simplification of management algorithms
should be a priority regardless of the geographic location.
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Amnioinfusion

Amnioinfusion is the administration of room temperature isotonic
solution such as normal saline or Ringer’s lactate via a double-lumen
intrauterine pressure catheter (IUPC) by either a gravity flow or an
infusion pump to restore amniotic fluid volume. The procedure is
intended to relieve intermittent umbilical cord compression, which
results in variable fetal heart rate decelerations and transient fetal
hypoxemia. This procedure has no known effect on late decelerations
and is no longer recommended for dilution of meconium.

An amnioinfusion generally begins by administering a bolus of
fluid (250-500 mL) over 20 to 30 minutes. The maintenance dose
is infused at a rate of 2 to 3 mL/min (maximum of 180 mL/hr), dur-
ing which time it is imperative that the amount of fluid returning is
approximated and documented to avoid overdistention of the uterus.
Assessment of the output can be accomplished by weighing the
absorbent pads underneath the woman (1 mL = 1 g) and counting the
number of pads changed.

Assessment of uterine resting tone is also an important aspect
of surveillance during the procedure, and it should not exceed 40
mm Hg. It is unlikely that more than 1000 mL of fluid will need
to be administered, and if variable decelerations persist even after
this amount of fluid has been instilled into the uterus, other thera-
pies should be used as treatment. Amnioinfusion is not without risks,
and iatrogenic hydramnios from amnioinfusion may cause a placen-
tal abruption or pressure on the maternal diaphragm, causing short-
ness of breath, tachycardia, and a change in maternal blood pressure.
A rapid release, or “gush,” of fluid predisposes the woman to a pro-
lapsed umbilical cord. The preterm fetus may benefit from a warmed
solution, avoiding bradycardia. A blood warmer is the safest method
for administering warmed fluid. The fluid should not be heated in a
microwave or blanket warmer. Warmed fluid also is suggested if the
rate of the amnioinfusion exceeds 15 mL/min.

There are a variety of ways to perform an amnioinfusion. It is
important that the institution has a policy and procedure in place and
these are followed.
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INDICATIONS FOR AMNIOINFUSION

1.

Laboring preterm women with premature rupture of the mem-
branes (prophylactic)

Variable decelerations uncorrectable with conventional inter-
ventions

Significant oligohydramnios at term when labor is being induced

EQUIPMENT AND SUPPLIES

Normal saline or Ringer’s lactate solution, 1000 mL at room
temperature

Intrauterine catheter equipment, preferably with a double lumen
and amnioport (if using single-lumen water-filled IUPC, intra-
venous [IV] extension tubing with twin sites or arterial line [12
inches] and a three-way stopcock are needed)

Volumetric infusion pump and tubing or IV pole for gravity flow
Blood warmer or blood/fluid warming set (optional)

Procedure

Amnioinfusion should be initiated after insertion of the intrauterine
catheter. Before the procedure, the intrauterine resting tone should
be noted with the woman in the right and left lateral and supine posi-
tions for later comparison. Various procedures have been discussed
in the literature, and each institution determines its own obstetric
policies and procedures. A sample procedure follows:

1.

Connect the 1000-mL bottle of amnioinfusion solution to the IV
tubing.

Flush the tubing with the solution.

Connect the tubing to the woman’s IUPC via the amnioport or
double-lumen IUPC or via a three-way stopcock, depending on
the type of IUPC used.

Initiate the flow of amnioinfusion and instill the initial bolus, usu-
ally 250 to 500 mL over a 20- to 30-minute period (10-15 mL/
min) using either an infusion pump or gravity flow. If gravity flow
is used, the solution must be hung about 3 to 4 feet above the level
of the tip of the IUPC. If fluid will not run by gravity, check the
position/placement of the TUPC.

When variable decelerations resolve, continue the infusion at a
slower rate, usually about 2 to 3 mL/min (120—180 mL/hr), as
ordered by the care provider. If variable decelerations are not
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relieved after infusing 800 to 1000 mL of solution, discontinue
the procedure and perform an alternative intervention.

Observe and evaluate for amount and character of vaginal drain-
age. Vaginal output is assessed and documented to demonstrate
that the volume infused is also coming back out and not caus-
ing overdistention of the uterus. Be vigilant for sudden gushes of
fluid and assess for cord prolapse.

Nortk: Intrauterine resting tone will appear higher than normal,

from 25 to 40 mm Hg, because of resistance to outflow through
the tiny holes in the tip of the catheter. The true resting tone can be
checked by temporarily discontinuing the flow of infusion.

Patient Care

Care of the woman undergoing amnioinfusion includes the following:

1.

Stop the infusion periodically, approximately every 30 to 60 min-
utes, to note the baseline uterine pressure. If the resting tone of
the uterus exceeds 40 mm Hg, discontinue the infusion and notify
the physician.

Change the underpads frequently to ensure the woman’s comfort.
Note the color and amount of fluid on the underpads. The under-
pads may be weighed. Amounts of fluid returned should be deter-
mined (1 mL=1 g).

Monitor for signs and symptoms of infection.

Monitor for signs and symptoms of cardiac or respiratory com-
promise secondary to an overdistended uterus (maternal short-
ness of breath, hypotension, or tachycardia).

Monitor fetal heart rate patterns on the electronic fetal monitoring
strip.



Fetal Heart Rate Tracings Review

Appendix B consists of 40 fetal heart rate (FHR) tracings clinicians
can review for the purpose of improving competency in the appli-
cation of both the National Institute for Child Health and Human
Development terminology and the two central principles of FHR
interpretation presented in Chapter 5. Clinicians should assume that
all tracings are from term pregnancies unless otherwise noted. For
purposes of identifying tachysystole and the issue of recurrence with
decelerations, clinicians should assume the tracings have been pres-
ent for 30 minutes.

Clinicians should review the tracings provided and determine the
following:

1. The components of FHR (baseline rate, baseline variability, accelerations, decelerations)

2. The category (1, 2, 3) of each tracing

3. Whether uterine contraction frequency would be summarized as normal or tachysystole,
and identify any possible excessive uterine activity, such as inadequate relaxation time (see

Chapter 4)

4. Whether there is evidence of interruption of the oxygen pathway
5.  Whether the possibility of evolving fetal metabolic acidemia/ongoing hypoxic injury can
be ruled out

A key with the answers for each tracing is provided imme-
diately after each tracing. Please note that because FHR tracing
evaluation is a visual exercise, there may be valid differences of
opinion among clinicians reviewing these tracings. Whenever pos-
sible, the authors have anticipated such differences and included
them in the answer key for purposes of discussion.

Finally, specific management approaches are not included in the
key that follows the tracings, primarily because application of the
standardized management model presented in Chapter 6 would vary
widely based on the patient's clinical context.

KEY FOR APPENDIX B FETAL HEART
RATE TRACINGS

Monitoring modes are identified as follows:
US: external Doppler
TOCO: external tocotransducer
IFE: internal fetal electrode
TUPC: intrauterine pressure catheter
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Self-Assessment
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Prior to 32 weeks’ gestation, a fetal heart rate (FHR) acceleration is defined as an increase
in FHR that must be at least

a. 15 bpm above the baseline and the acceleration must last at least 10 seconds.

b. 10 bpm above the baseline and the acceleration must last at least 10 seconds.

c. 10 bpm above the baseline and the acceleration must last at least 15 seconds.

FHR variability can be interpreted with an external monitor
a. only after 32 weeks’ gestation.

b. but not as clearly as with an internal monitor.

c. using a Doppler technology called autocorrelation.

Use of the terms “beat-to-beat” variability and “long-term” variability is not recom-
mended by the National Institute of Child Health and Human Development (NICHD)
because in actual practice, they are

a. visually determined as a unit.

b. not really very different from each other.

c. of no consequence to management or outcome.

Variable deceleration of the FHR is defined as a visually apparent abrupt decrease in FHR.
Abrupt is defined as an onset of the deceleration to the nadir (lowest point) that is less than
a. 15 seconds.
b. 20 seconds.
c. 30 seconds.

According to NICHD definitions of FHR variability, which of the following is accurate?
a. Range visually detectable but <5 bpm = reduced variability

b. Range 6 to 25 bpm = average variability

c. Range visually detectable but <5 bpm = minimal variability

According to standardized NICHD terminology, the normal FHR baseline range is
a. 120 to 160 bpm regardless of gestational age.

b. 110 to 160 bpm after 32 weeks of gestation.

c. 110 to 160 bpm regardless of gestational age.

According to the 2008 NICHD consensus report, at the time it is observed, moderate FHR
variability is highly predictive of the absence of fetal

a. metabolic acidemia.

b. respiratory acidemia.

c. hypoxemia.

Late deceleration of the FHR is associated most specifically with

a. transient fetal tissue hypoxia during a uterine contraction.

b. transient fetal tissue metabolic acidosis during a uterine contraction.
c. transient fetal hypoxemia during a uterine contraction.

Clinically significant FHR decelerations (late, variable, prolonged) are associated with
interruption of the normal delivery of oxygen from the environment to the fetus along a
pathway including

a. lungs, heart, vasculature, kidneys, uterus, placenta, and umbilical cord.

b. lungs, heart, vasculature, uterus, placenta, and umbilical cord.

c. heart, vasculature, kidneys, uterus, and umbilical cord.
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According to standardized NICHD nomenclature, decelerations that occur with at least
50% of uterine contractions in a 20-minute window are defined as:

a. Repetitive

b. Recurrent

c. Persistent

Which setting is most appropriate for fetal vibroacoustic stimulation?

a. 38 weeks, active labor, FHR baseline 140 bpm, minimal variability, no accelerations,
no decelerations

b. 40 weeks, active labor, FHR baseline 150 bpm, moderate variability, prolonged decel-
eration to 60 bpm for 8 minutes

c. 39 weeks, active labor, FHR baseline 115 bpm, minimal variability, frequent accelera-
tions, occasional late decelerations

An intrapartum FHR tracing demonstrates a baseline rate of 125 bpm, moderate variabil-

ity, accelerations, and intermittent late and variable decelerations. Which of the following

statements is most accurate?

a. Moderate variability and accelerations are highly predictive of the absence of meta-
bolic acidemia at the time they are observed.

b. Late decelerations reflect transient fetal asphyxia during uterine contractions.

c. Variable decelerations are caused by respiratory acidosis during cord compression.

According to the 2008 NICHD consensus report, a Category I FHR tracing requires which
of the following?

a. Baseline rate 120 to 160 bpm

b. Moderate variability

c. Accelerations

d. All of the above

e. aandb only

According to the 2008 NICHD consensus report, which of the following would be classi-
fied as a Category III FHR tracing:

a. Baseline 180 bpm, absent variability, no accelerations, no decelerations

b. Baseline 180 bpm, minimal variability, no accelerations, recurrent late decelerations
c. Baseline rate 140 bpm, absent variability, recurrent late decelerations

d. bandc

e. aandc

According to the 2008 NICHD consensus report, the normal frequency of uterine contrac-
tions is

a. <5 contractions in 10 minutes averaged over 30 minutes

b. <5 contractions in 10 minutes averaged over 30 minutes

c. <6 contractions in 10 minutes averaged over 30 minutes

Which of the following most closely approximates normal umbilical artery pH at term?
a. 6.9-7.0

b. 7.0-7.1
c. 7.1-72
d 72-73
e. 73-74

According to the 2008 NICHD consensus report, the “overshoot” FHR pattern is highly
predictive of

a. fetal asphyxia.

b. fetal hypoxia.

c. fetal cerebral ischemia.

d. preexisting fetal neurologic injury.

e. None of the above.
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18.  Which of the following statements is accurate regarding the FHR tracing?
a. The absence of decelerations indicates the absence of interruption of fetal oxygenation.
b. Accelerations and moderate variability reliably predict the absence of fetal metabolic
acidemia.
The absence of metabolic acidemia reliably excludes ongoing hypoxic injury.
This is a Category I tracing.
e. All of the above.
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9. Which of the following statements is accurate regarding the FHR tracing?
a. Decelerations reflect interruption of oxygen transfer from the environment to the
fetus.
b. Moderate variability reliably predicts the absence of fetal hypoxemia.
c. The absence of accelerations predicts fetal hypoxemia and metabolic acidemia.
d. Normal baseline FHR excludes chorioamnionitis.
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20. Which of the following is most accurate regarding the FHR tracing?
a. Variable decelerations can be caused by umbilical cord compression.
b. Variable decelerations reflect interruption of oxygen transfer from the environment to
the fetus at one or more points.
Variability is moderate.
Accelerations are present.
All of the above.
Only a, b, and c.
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21. Appropriate management of the FHR pattern identified in the tracing includes all of the
following except

supplemental oxygenation.

confirmation of maternal heart rate and blood pressure.

maternal position changes.

correct maternal hypotension if present.

scalp stimulation.

oao o

id

22. Which of the following statements most accurately interprets the change to the tracing?
a. Baseline FHR 150 bpm
b. Highly predictive of fetal metabolic acidemia
c. Highly predictive of abnormal neurologic outcome
d. Cannot exclude fetal metabolic acidemia at this time
e. Subtle early decelerations present

o ST S

23. Umbilical vein pH is normally lower than umbilical artery pH:
a. True
b. False
c.  Only when late decelerations are present and recurrent
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24.

25.

26.

27.

28.

29.

30.

Fetal scalp stimulation is used to

a. elicit FHR accelerations.

b. correct prolonged decelerations.

c. stimulate FHR variability during a prolonged deceleration.
d. All of the above.

A key point regarding the occurrence of tachysystole is that
a. it can occur in spontaneous or stimulated labor.

b. it requires FHR decelerations to be clinically significant.
c. it should be documented only if oxytocin is being used.

According to the algorithm for delivery decision-making authored by Clark and col-
leagues, the proper management of a patient with intermittent late decelerations and mod-
erate variability in second-stage labor with normal progress is

a. expedited delivery by operative vaginal delivery or cesarean delivery.

b. performance of fetal scalp stimulation to rule out acidemia.

c. continued observation.

Which of the following is true about electronic fetal monitoring (EFM) documentation?

a. If something is not documented, it is legally considered not to have occurred.

b. Documentation frequency should be every 5 minutes in the second stage if a patient
has risk factors.

c. Categories of the EFM tracing should be regularly documented.

d. None of the above.

e. All of the above.

The FHR dysrhythmia that can be associated with fetal hydrops is
a. supraventricular tachycardia.

b. atrioventricular heart block.

c. persistent premature ventricular contractions.

Chemoreceptors are
a. located in the aortic arch and carotid sinus.

b. sensitive to changes in fetal blood pressure.
c. sensitive to changes in fetal oxygenation.
d. Bothaandec.

e. Bothaandb.

‘When an FHR tracing is Category 1II, this means

a. it requires further evaluation.

b. it will progress to a Category III if no intervention.
c. the fetus is at risk for acidemia.
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ANSWER KEY FOR SELF-ASSESSMENT

1. b 16. d
2. ¢ 17. e
3. a 18. e
4. ¢ 19. a
5. ¢ 20. f
6. ¢ 21. e
7. a 22. d
8. ¢ 23. b
9. b 24. a
10. b 25. a
11. a 26. ¢
12. a 27. d
13. b 28. a
14. ¢ 29. d
15. a 30. a
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“ABCD” approach
A acronym, 150z, 152
B acronym, 150¢, 153
C acronym, 150¢, 156
D acronym, 150z, 157
to FHR management, 149, 150¢
A-B-C-D-E approach, 205
Abruption, 204¢
Absent variability, 116, 118
definition of, 118
interpretation of, 118
Acceleration, 122, 122f
definitions of, 122
fetal heart rate, 173, 174f
interpretation of, 123
normal cardiotocography with, 272f
physiology of, 122
Accurate, aspect of documentation,
253
Acidemia, 24, 164
fetal, 280, 282
metabolic, 146f, 147, 156, 160-161
types of, 164
ACOG. See American College
of Obstetricians and
Gynecologists (ACOG)
ACOG-AAP guidelines, in FHR
tracing, 156
ACOG Task Force on Neonatal
Encephalopathy, 25
Active awake, 177¢
Active phase abnormalities, 94
management strategies for, 94
Active sleep, 177t
Adverse outcomes, 243, 266
Afterload, 14
Alert screen, 69
Allegations, of malpractice, 251
Alter second-stage pushing technique,
155
American Academy of Pediatrics
Cerebral Palsy Task
Force, 24
American College of Obstetricians and
Gynecologists (ACOG),
33,245
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Amniocentesis, 237, 237f
Amnioinfusion, 51, 52f; 155
Amniotic fluid
index, 232
scoring, 232¢
volume, 232
Anemia
fetal, 108¢
severe, 12
Antenatal corticosteroids, 215
Antenatal corticosteroid therapy, 183
Antepartum fetal assessment, 184,
186, 221. See also Fetal
assessment
in preterm fetus, 184
testing, 221-222, 223¢
effectiveness of, 222
examples, 224
false-negative rate, 221, 226
false-positive rate, 221
false-positive test, 221
indications for, 222, 223¢
methods of, 221-222, 223¢
summary of, 239
Antepartum monitoring, inpatient, 184
Apgar scores, 3—4, 158, 160, 162-163,
243
Arrest disorders, 94
Arrhythmias, 59, 61
fetal cardiac, 132
Artifact, detection of
during internal monitoring, 61
with MHR, 59
Assessment. See also “ABCD” approach
antepartum fetal, 221
biochemical, 237
care components and, 248
and documentation, location of
nursing, 261
fetal
in non-obstetric settings, 197
pregnant trauma victim, 203,
204t
intraoperative maternal—fetal, 212,
214f
maternal—fetal, 212
methods, uterine activity, 77
oxygen pathway, 150z, 152
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Assessment (Continued)
relationship between
communication,
documentation, and, 248f"
Association of Women’s Health,
Obstetric and Neonatal
Nurses (AWHONN), 245
Atrioventricular dissociation, 115
Atypical variable decelerations, 135,
274f
Audit trail, 262
Auscultated fetal heart rate
documentation of, 36
interpretation of, 37
Auscultation, 28, 307
benefits of, 37
intermittent
of FHR, 28, 291
utilization, procedure, and
frequency of, 33,
341-35¢
limitations of, 37
uterine palpation, 38
Automatic coincidence detection, 61
Automatic maternal pulse
detection, 61
A-V-P-U method, 206

B

Baseline fetal heart rate
categories of, 112
physiology of, 112
in preterm fetus, 172
variability, 115
categories of, 118
definition of, 115, 116/
Baseline uterine tone, 80, 84
Baseline variability, in preterm fetus,
173
Beat-to-beat variability, 109
Behavioral states, in preterm fetus,
175, 177¢
Beta-mimetics, 180
Biochemical assessment, 237
Biophysical profile, 230
advantages and limitations of, 232
interpretation and management of,
231,232t
scoring of, 231, 232¢
Blood
exchange between maternal and
fetal, 16, 19¢
fetal, 21

Blood (Continued)
lecithin-to-sphingomyelin ratio
and, 238
maternal, 12
Blood-blood barrier
diffusion across, 20
placental, 16
Blood-gas barrier, 12
Blood gas evaluation, umbilical cord,
279
Blood loss, fetal, 21
Blood pressure, maternal, 154
Bradycardia, 114, 114f
cardiotocography traces, 274f
definitions of, 114
end-stage, 134
fetal, causes of, 115
interpretation of, 114
terminal, 134
Breach of duty, 247

C

Cardiac arrhythmias, fetal, 132
Cardiac output, 14
Cardiotocography (CTG), 2,
38, 271. See also Electronic
fetal monitoring (EFM)
guidelines and international
intermittent auscultation
and, 273
tracings, examples of, 271, 273/-274f
Care. See also Standard of care
components of, 248f, 248
guidelines for, of external
transducer, 44
maternal—fetal assessment and, 212
pregnant trauma victim, 203, 204¢
sources, standards of, 246, 247f
throughout labor and birth, 269,
270t
Cartesian graph, 40, 411
“Catch-up” chart, 262
Catecholamines, 206
Catheter, intrauterine pressure, 49/, 51.
See also Internal intrauterine
pressure catheter
description of, 51, 52f
FHR and, 39
and internal uterine activity
monitoring, 79
placement of, 52
troubleshooting for, 65
and uterine activity, 77, 78f, 80
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Causation, 247
Cellular phone displays, 70f, 70
Central display systems
alert screen of, 69
scrolling capabilities of, 69
system status screen of, 69
trend screen of, 69
Central monitoring system, 68f°
Cerebral palsy, 24
Cerebral Palsy Task Force, consensus
statement from, 24
Cerebroplacental ratio (CPR), 236
Certified nurse midwife (CNM), 261
Cesarean birth. See also “ABCD”
approach
emergent, 210, 211f
perimortem, 210, 211f
Cessation, of fetal movements, 234
Checkmark pattern, 134
Chorionic villi, 16, 18f
Chorionic villus surface area, 20
Chronic vasculopathy, 15
Circulation, fetal, 17f
CLEAR acronym, documentation
and, 253
Clinical decision support systems, 67
Clinical trials, 3
Coincidence detection, automatic, 61
Combined disorders, 94
Communication
care components and, 248
principles of effective obstetric
documentation and, 254¢
relationship between assessment,
documentation, and, 248/
Complicated deceleration, 274f
Computer decision analysis, FHR, 71
Computerized perinatal data systems,
67, 68701
Congenital anomaly, 1087
Contemporaneous, aspect of
documentation, 253
Contractility, 14
Contractions. See Uterine contractions
Contraction stress test, 225
advantages and limitations
of, 226
interpretation and management
of, 225
procedures for, 226
Corticosteroids, antenatal, 215
therapy, 183
Cross-channel verification, 61
CTG. See Cardiotocography (CTG)

D

Data-input devices, 71, 72f~73f
Data systems
computerized perinatal, 67, 68f~70f
surveillance component of, 69
data-input devices in, 71, 72/~73f
electronic perinatal, 71
tracing of, 73f
electronic monitoring, 77, 78f
Decelerations, 123
atypical variable, 135
definitions of, 109, 123
early, 124, 124f
definition of, 124
interpretation of, 124, 125
fetal heart rate, 173, 176f
late, 125, 1261
definition of, 125
interpretation of, 125, 127f
onset, 109
physiology of, 123
prolonged, 114, 123, 130, 130/
definition of, 130
interpretation of, 131
other proposed mechanisms
of, 132
quantification of, 258
types of, 124
variability within the, 137
variable, 127, 128f
definition of, 127
interpretation of, 128
physiologic mechanism of, 128,
1291
“Deciding to wait,” 159, 165
Decision-making process, in electronic
fetal monitoring, 244
DeLee-Hillis fetoscope, 28, 29f.
See also Head stethoscope
Delivery. See also “ABCD” approach
expectant management and, 157
plan, 150z, 157
rapid, 150z, 156
Delivery time, decision to, 157
Deposition excerpt, 261
Discharge, from emergency
department, 210
Documentation, 243
of auscultated fetal heart rate, 36
care components and, 248
categories, 249
CLEAR acronym and, 253
common dilemmas, 255
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Documentation (Continued)
and communication policies, 254¢
conflicting or contradictory, 255
electronic, 70
of electronic fetal monitoring, 251
late entry, 262, 264f
and location of nursing assessment,
261
in medical record, 249
principles of, 254¢
quality, 254¢
reasonably timed entry, 262, 264f
relationship between assessment,
communication, and, 248/
of uterine activity, 257
Doppler effect, 42
Doppler signal, 43
Doppler technology, 47
Doppler ultrasound, 41
development of, 221
IA and, 28, 291
Doppler velocimetry, maternal and
fetal blood vessels, 235
Dual ultrasound heart rate monitoring
strip, for twins, 60f°
Duration, of contractions, 85
Duty, 246
Dysmaturity syndrome, 186

E

Early deceleration, 1, 124, 124f
cardiotocography traces, 274/
definitions of, 124
interpretation of, 124
physiologic mechanism of, 125f,

124
ECG. See Electrocardiogram (ECG)
EFM. See Electronic fetal monitoring
(EFM)

Elective surgery, 212

Electrocardiogram (ECG), fetal, 161
ST analysis of, 281

Electronic fetal heart rate monitoring,

221
characteristics of, 30¢
physiologic basis for, 10
standardized fetal heart rate
definitions, evolution of,
104, 105¢

Electronic fetal monitoring (EFM),

1, 38, 160161, 170, 209,
243,269
assessment, frequency of, 258, 259¢

Electronic fetal monitoring (EFM)
(Continued)
cardiotocography, 271
guidelines and international
intermittent auscultation
and, 273
international category
classification criteria,
comparison of, 276, 277¢
tracings, examples of, 271,
272f-274f
components of, 253
continuous intrapartum, 3
decision-making process in, 244
and documentation
common dilemmas, 255
frequency of, 258, 259¢
policies, 263
principles of, 253, 254¢
informed consent and, 244
intermittent auscultation, 1
and intermittent auscultation
decision aid, 245
liability in, 251
risk of, 251, 252¢
malpractice claims, 251
outside United States, 269
overview of, 38
randomized trials of, 3
troubleshooting, 65
up-to-date education, 251
Electronic health records (EHRs), 251
Electronic monitoring, of uterine
activity, 78f, 79-80, 80f
Emergency department
obstetric patients in, 198, 202¢
primary survey in, 205
secondary survey in, 208
stabilization and discharge in,
210
summary of, 216
triage
federal law, 203
maternal—fetal dyad, 200
screening questions, 198
Emergency Medical Treatment and
Active Labor Act, 203
Emergent cesarean birth, 210, 211f
End-stage bradycardia, 134
Environment, fetal oxygenation and,
12, 146f
Ephedrine, fetal outcome and,
154
Euvolemic patient, 154
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Evidence-based interpretation, of
fetal heart rate patterns,
107-108, 108¢
Excessive uterine activity, 85
causes of, 91
decreasing, interventions for, 92
fetal acidemia and, 88
during labor, 90f
Expectant management, delivery and,
157
Explicit, aspect of documentation, 253
External Doppler device, 147
External monitoring, 42, 99f
External tocotransducer
contraction frequency and, 80
uterine activity and, 77, 80
External transducers
advantages of, 46
care, cleaning, and storage
guidelines for, 44
limitations of, 46
External uterine activity
monitoring, 79

F

Falls, trauma and, 203
False-negative rate, 221, 226
False-positive rate, 221
False-positive test, 221
FAST. See Fetal acoustic stimulation
testing (FAST)
FBS. See Fetal blood sampling (FBS)
FECG. See Fetal electrocardiogram
(FECG)
Federal law, Emergency Medical
Treatment and Active
Labor Act and, 203
Fetal acid—base status, determining,
methods of, 279
Fetal acidemia, 280, 282
and excessive uterine activity, 88
FHR, patterns and, 5
Fetal acoustic stimulation testing
(FAST), 228
Fetal assessment. See also Antepartum
fetal assessment
in non-obstetric settings, 197
Fetal behavioral states, 177¢
Fetal blood sampling (FBS), 279
Fetal breathing movements, scoring
of, 232¢
Fetal compromise, 204¢
Fetal distress, 1, 3

Fetal electrocardiogram (FECG), 79
abdominal, 47
ST analysis of, 281
Fetal head compression, 137
Fetal heartbeat, detection of, 41
Fetal heart rate (FHR), 1, 206.
See also Auscultated fetal
heart rate; Baseline fetal
heart rate
abdominal, integrated, 47, 48f
accelerations, 122f, 122-123, 173,
1741
ACOG-AAP guidelines, 156
arrhythmias, 132
assessment of, 258
auscultated
documentation of, 36
interpretation of, 37
baseline rate, 110
categories of, 112
definition of, 110, 110/~112f
physiology of, 112
categories of, use of, 255
changes, causes of, 152
characteristics of, 30¢
classification of, 106z, 147, 149¢
components of, evaluation of, 147
computer analysis of, 161
computer decision analysis of, 71
decelerations, 123, 173,
176f, 258
display of, 54, 55f°
early decelerations, 1
evaluation of, 28
external mode of, 39, 42
factors influencing, 108¢
gestational age and, 170
summary of, 188
incorrect documentation of, 255, 2561
intermittent auscultation of, 28
internal mode of, 39, 49
interpretation, two central
principles of, 140/
intrauterine pressure catheter and,
39
laboring mother and, 100
management of, “ABCD” approach
to, 149, 150¢
methods and instrumentation for, 28
MHR compared to, 28
National Institute of Child Health
and Human Development
(NICHD) Task Force
recommendations, 4
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Fetal heart rate (FHR) (Continued)
nomenclature, use of, 260
patterns

and acidemia, 5
definitions, physiology, and
interpretation of, 110
evidence-based interpretation of,
107-108, 108¢
preterm fetus, 170
raw data conversion in, 40, 40/41f
shift to MHR, 61, 62f
spiral electrode and, 39
standardized definitions, 104, 105¢
evolution of, 104
tocodynamometer and, 39
tocolytic therapy and, 178
ultrasound transducer and, 39
uterine activity and, 39, 147,
148/
variability, 115
categories of, 116f, 118
decreased, 119
definition of, 115, 116/
physiology, 118
visual display of, 40, 40/-41f
Fetal heart rate (FHR) monitoring
electronic, 221
characteristics of, 30z
physiologic basis for, 10
standardized fetal heart rate
definitions, evolution of,
104, 105¢
summary of, 139
Fetal heart rate (FHR) tracings, 41,
271
cellular phone displays of, 701, 70
components of, 110
CTG, examples of, 271, 272f-274f
and excessive uterine activity,
88, 901
fundamental principles of, 145
intrapartum management
of, 145
principles of, 146/
summary of, 165
reevaluating, 155
summary of, 139
and uterine contraction, 79, 80f

Fetal hemorrhage, maternal, 204¢

Fetal injuries, 204¢

Fetal lactate measurement, 280

Fetal lung maturity
amniocentesis for, 237, 237f
assay, 239

Fetal-maternal hemorrhage, 21
Fetal metabolic acidemia, 147, 156,
160-164
Fetal monitoring, 266. See also
Electronic fetal heart rate
monitoring; Electronic
fetal monitoring;
Fetal heart rate (FHR)
monitoring; Internal
mode of monitoring;
Intrapartum monitoring
electronic, 38, 170
overview of, 38
troubleshooting for, 65
equipment for, 41
history of, 1
summary, 6
methods of, 160
in the twenty-first century, 4
Fetal monitor paper scale, 54-55, 571
Fetal movements
counts, 234
interpretation and management
of, 235
maternal perception of, 234
prolonged absence of, 234
scoring of, 232¢
Fetal oxygenation. See also
Interruption of oxygen
transfer
in absent variability, 118
acceleration and, 123
in antepartum testing, 222
in bradycardia, 114
in early deceleration, 124
elements of, 10
factors not specifically related to,
influencing FHR, 108¢
FHR changes and, 152
intrapartum interruption of, 24
cerebral palsy, 24
in late deceleration, 125
measure, 5
in minimal variability, 120
in moderate variability, 120
physiology of, 111, 26
in prolonged deceleration, 131
summary, 26, 26¢
in tachycardia, 112
transient interruption of, 125
in variable deceleration, 131
Fetal pulse oximetry, 5, 145, 153,
161
Fetal Reserve Index, 139
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Fetal scalp blood sampling
for lactate, 280
for pH, 280
Fetal scalp pH, 160
Fetal scalp stimulation, 160
Fetal spiral electrode (FSE), 49, 281
contraindications to, 50
description of, 49, 49f'
FHR and, 39
placement of, 50
situations requiring caution for, 50
Fetal status
methods of evaluating, 160
tests of, 145
Fetal stroke, prediction and prevention
of, 138
Fetal surveillance
intermittent auscultation, 33, 38
summary of, 72
Fetal tachycardia, 112, 113f, 206
definition of, 112
interpretation of, 112
potential causes of, 114
Fetal tone, scoring of, 232¢
Fetoscope, 28, 291
Fetus, arrest of descent, 95
Fever/infection, 108¢
FHR. See Fetal heart rate (FHR)
FHR monitoring. See Electronic fetal
heart rate monitoring
FIGO. See International Federation
of Gynecology and
Obstetrics (FIGO)
First responders, in maternal—fetal
transport, 204
Fluorescence polarization (FLM-II
Assay), 239
Foam stability test, 238, 238f
Frank—Starling mechanism, 154
Frequency, of contractions, 85

G

Gestational age
classifications of, 171¢
emergency department and, 201
fetal heart rate and, 170
summary of, 188
maternal surgery and, 212
preterm fetus and, 170
trauma and, 204
uterine size and, 206/
Gestations, multiple, monitoring for,
57, 59/-60f
Glasgow Coma Scale, 206

H

Harm/injury (legal), 247
Head compression, fetal, 137
Head stethoscope (DeLee-Hillis
fetoscope), 2
Healthcare team, pregnancy and, 197
Heart block, 115
fetal, 108¢
Heart, maternal, 14
Heart rate
changes, in preterm fetus, 173
accelerations, 173, 174f
decelerations, 173, 176f
fetal, 206
abdominal, integrated, 47, 48f
accelerations, 1221, 122-123,
173, 174f
ACOG-AAP guidelines, 156
arrhythmias, 132
assessment of, 258
auscultated
documentation of, 36
interpretation of, 37
baseline rate, 110
categories of, 112
definition of, 110, 110/~112f
physiology of, 112
categories of, use of, 255
changes, causes of, 152
characteristics of, 30¢
classification of, 106z, 147, 149t
components of, evaluation of,
147
computer analysis of, 161
decelerations, 123, 173, 176f,
258
display of, 54, 55
evaluation of, 28
external mode of, 39, 42
factors influencing, 108¢
gestational age and, 170
summary of, 188
intermittent auscultation of, 28
internal mode of, 39, 49
interpretation, two central
principles of, 140/
intrauterine pressure catheter
and, 39
laboring mother and, 100
management of, “ABCD”
approach to, 149, 150¢
methods and instrumentation
for, 28
MHR compared to, 28
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National Institute of Child
Health and Human
Development
(NICHD) Task Force
recommendations, 4

patterns

and acidemia, 5

definitions, physiology, and
interpretation of, 110

evidence-based interpretation
of, 107-108, 108¢

preterm fetus, 170

raw data conversion in,
40,411

shift to MHR, 61, 62f

spiral electrode and, 39

standardized definitions, 104,
105¢

evolution of, 104

tocodynamometer and, 39

tocolytic therapy and, 178

ultrasound transducer and, 39

uterine activity and, 39, 147,
1481

variability, 115

categories of, 116f, 118
decreased, 119
definition of, 115, 116/
physiology, 118

visual display of, 40, 41/

maternal

artifact detection and signal
coincidence with, 59, 62f

compared to fetal heart rate,
28

Hydration, 154
Hypercontractility, 88
Hyperstimulation, 88
Hyperthyroidism, 108¢
Hypertonus, 91, 89
Hypotension, 15. See also Transient
hypotension

Hypoxemia, 22

“brain-sparing” effect of, 236
Hypoxia, 22
Hypoxic injury, FHR and, 147, 156

TA. See Intermittent auscultation (IA)
Indeterminate baseline, 112f
Indomethacin, 178

Informed consent, 244

Injury threshold, 24

Inpatient antepartum monitoring, 184

Interdisciplinary education, 243, 266
and training, 254¢

Intermittent auscultation (IA), 244
cardiotocography guidelines,

international, 273
decision aids and electronic fetal
monitoring, 245
of FHR, 28, 291
informed consent and, 244
utilization, procedure, and
frequency of, 33, 34¢+-35¢

Internal intrauterine pressure catheter
contractions and, 80
UA and, 77, 78f'

Internal mode of monitoring, 49
advantages of, 53
contraindications to, 50
limitations of, 54
situations requiring caution

for, 50

Internal uterine activity monitoring, 79

International Cerebral Palsy Task
Force, 24

International Federation of
Gynecology and
Obstetrics (FIGO), 271,
273,277t

Interpretation, guidelines for, 276

Interprofessional models of care, 271

Interrupted maternal—fetal oxygen

transfer, cascading effects
of, 212

Interruption of oxygen transfer, 12, 14
causes of, 22, 23¢
fetal response to, 22
injury threshold, 24
maternal vasculature, 15
mechanisms of injury, 24
placenta, 18f
placental causes of, 21
uterus, 15

Interruption of placental blood vessels,

21

Intervillous space blood flow, 19
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transfer, 18, 20f
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Intraoperative maternal—fetal

assessment, 212, 214f
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of, 145
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summary of, 165
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Intrapartum fetal scalp pH, 160
Intrapartum monitoring, 185
Intrauterine pressure catheter (IUPC),
491, 51. See also Internal
intrauterine pressure catheter
description of, 51, 52f
FHR and, 39
and internal uterine activity
monitoring, 79
placement of, 52
troubleshooting for, 65
and uterine activity, 77, 78f, 80
Intravenous fluid administration, 154
Isolated metabolic acidemia, 164
IUPC. See Intrauterine pressure
catheter (IUPC)

K

Kleihauer—Betke test, 208

L

Labor. See also Preterm labor; Uterine
activity
abnormalities
active phase, 94
latent phase, 93
second-stage, 95
baseline uterine tone, 85
care throughout birth and, 269, 270¢
excessive uterine activity, 90f
fetal heart rate, 100
frequency of contractions, 85
Montevideo units (MVUs), 83, 85
normal, parameters for, 81, 99-100
stages of, 81, 83f
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and, 175
stage of, 147, 148/
second, 155
strength of contractions, 85
supine position during, 153
support and management of,
current trends in, 92
uterine activity during, 85
Lactate
determination, 160
fetal scalp blood sampling for, 280
Lactic acid, accumulation of, 22
LAHF contractions. See Low-
amplitude, high frequency
(LAHF) uterine
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Lambda pattern, 133
Lamellar bodies, size and number
of, 239
Lamellar body count, 239
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cardiotocography traces, 274f
fetal oxygenation, 125
Latent phase disorders
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management strategies for, 93
Lecithin-to-sphingomyelin (L/S) ratio,
238

Leopold’s maneuvers, 31, 32f
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in fetal monitoring, 251, 252¢
medical claims, 246, 247f
Logical, aspect of documentation, 253
Long-term variability, 109
Low-amplitude, high frequency
(LAHF) uterine
contractions, 177, 179f
L/S ratio. See Lecithin-to-
sphingomyelin (L/S) ratio
Lungs, maternal, fetal oxygenation
and, 12

M

Magnesium sulfate, 181, 182f
Malpractice, 246
claims, 251
Manual palpation, 78
and contractions, 78
uterine contraction strength,
79
Marked variability, 121
definition of, 121
interpretation of, 121
Maternal and fetal blood, exchange
between, 16, 19¢
Maternal and fetal blood vessels,
Doppler velocimetry, 235
Maternal blood pressure, 154
Maternal Early Warning Criteria
(MEWC) protocol, 201
parameters, 202¢
Maternal—fetal assessment
and care, 212
intraoperative, 212, 214f
Maternal—fetal dyad
emergency department triage and,
200
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and, 212
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Maternal heart, oxygen transfer, 14
Maternal heart rate (MHR)
artifact detection and signal
coincidence with, 59, 62f
compared to fetal heart rate, 28
Maternal hemoglobin saturation, 12
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Maternal lungs, oxygen transfer, 12
Maternal positioning
changes, 80f, 153
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Maternal pulse detection,
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Maternal trauma, 197, 2111
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oxygen transfer, 15
MBPP. See Modified biophysical
profile (MBPP)
Meconium, 187, 238-239
Medical record security, 254¢
Medications, 108¢
Metabolic acidemia, 112
MHR. See Maternal heart rate (MHR)
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Doppler velocimetry, 236
peak systolic velocity in, 236
Midwifery-led care, 269-270
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Minimal variability, 116/, 120
definition of, 120
interpretation of, 120
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definition of, 120
interpretation of, 120
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Modified biophysical profile (MBPP),
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advantages and limitations of, 234
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229f,233
study of, 233
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System (MEOWS), 201
color-coded trigger parameters,
202¢
Monitoring. See specific monitoring
Monitor strip, 54, 56/

Monitor tracing scale, 54-55, S6/~57f
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labor, 83, 85
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57, 59/-60f
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Neonatal resuscitation, 262
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108t
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Health and Clinical
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Child Health and Human
Development (NICHD)
Nifedipine, 180
Nipple-stimulated contraction stress
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fundamentals of, 215
procedures, 212
Nonreactive NST, 229, 230f
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Nonstress test (NST), 228
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230, 231f
interpretation and management of,
229, 22912301
management of, 231f
nonreactive, 229, 230f
reactive, 2291, 229
scoring of, 232¢
Normal, as summary term, 257
Notification, 249
NST. See Nonstress test (NST)
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United States, 269
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Oligohydramnios, 155, 175, 178, 187
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Overshoot, 135
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in antepartum testing, 222
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factors not specifically related to,
influencing FHR, 108¢
FHR changes and, 152
intrapartum interruption of, 24
cerebral palsy, 24
in late deceleration, 125
measure, 5
physiology of, 11f, 26
in prolonged deceleration, 131
summary, 26, 26¢
in tachycardia, 112
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in variable deceleration, 131
Oxygen pathway. See also Fetal
oxygenation; Interruption
of oxygen transfer
assessment of, FHR changes and,
152
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Oxygen transfer, 10. See also Interruption of
oxygen transfer
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maternal blood, 12
maternal heart, 14

Oxygen transfer (Continued)
maternal lungs, 12
maternal vasculature, 15
mechanisms of exchange, between
fetal and maternal blood,
19¢
placenta, 16, 17/~18f, 19¢
uterus, 15
Oxyhemoglobin dissociation curve,
12, 13f
Oxytocin, 95
augmentation of, 99/
in active phase abnormalities, 94
external monitoring, 99f°
use of, and uterine activity, 95, 98f'
safe and effective, 97
Oxytocin challenge test, 225
interpretation and management
of, 225
procedure for, 227

P

PAIS. See Perinatal arterial ischemic
stroke (PAIS)

Palpation, 78-79, 84

PaO, (partial pressure of oxygen
in arterial blood), 18,
201

Parasympathetic cardiac stimulation,
blunting of, 112

Patient safety, 243

Patient safety bundles, 243, 266

Pattern recognition and interpretation,
104

Peak systolic velocity, in middle
cerebral artery, 236

Perimortem cesarean birth, 210, 2111

Perinatal arterial ischemic stroke
(PAIS), 138

Perinatal data systems, computerized,
67, 68/-70f

pH, fetal scalp blood sampling for,
280

Phosphatidylglycerol, 239

Physician-led model of care,
269

Placenta, 16, 17f

fetal side of, 16, 18f
oxygen transfer, 17f

Placental blood-blood barrier,
diffusion across, 20

Placental blood vessels, interruption
of, 21
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Position, maternal
changes, 80f, 153
tocotransducer and, 80f
Postmaturity syndrome, 186
Postterm fetus, 185
Postterm pregnancy
management of, 188
risks associated with, 186
Preeclampsia, 15
Pregnancy. See also Postterm
pregnancy
anatomy and physiology of, 198
healthcare team and, 197
patient safety, 197
physiologic adaptations to,
198-199
Pregnant trauma victim, 204¢
assessment and care, 203
Preload, 14
Premature birth, 170
Prematurity, 108¢
Preterm birth (PTB), 170
Preterm contractions, 204¢
Preterm fetus, 170
baseline fetal heart rate in, 172
baseline variability in, 173
behavioral states in, 175, 177¢
heart rate changes in, 173
monitoring, 184
Preterm labor, 171
beta-mimetics in, 180
indomethacin in, 178
intrapartum monitoring in, 185
magnesium sulfate in, 181
nifedipine in, 180
Preterm uterine activity, 177, 179f
Professional negligence, 246
Prolonged deceleration
cardiotocography traces, 274f
fetal oxygenation, 131
Protraction disorders, 94
Pulmonary surfactant, 238
Pulse oximetry, fetal, 145, 153, 161
Pushing technique, second-stage,
alter, 155

Q

Quantification, of decelerations,
258

Quiescence, 177t

Quiet awake, 177¢

Quiet sleep, 177¢

R

RCOG. See Royal College of
Obstetricians and
Gynecologists (RCOG)

RDS. See Respiratory distress
syndrome (RDS)

Reactive NST, 229f, 229

Readable, aspect of documentation, 253

Reduced cardiac output, 14

Reduction of uterine activity, 154

Relaxation time, 84-85

Respiratory distress syndrome (RDS),
238

Respondeat superior rule, 246
Resting tone, 89. See also Baseline
uterine tone

Resuscitation, neonatal, 262

Resuscitative hysterotomy, 210

RhoGAM, 208

Rho(D) immune globulin, 208

Risk management, 243

Risk mitigation, 243

Risk reduction, 243

Royal College of Obstetricians and
Gynecologists (RCOG),
273

S

Scalp blood sampling, 145, 160
Scalp stimulation, fetal, 160
Scientific evidence, stratification of,
108
Severe variable decelerations, 136
Shared decision-making (SDM), 244
Shared models, 269, 271
Short-term variability, 109
Shoulder, 133
Signal ambiguity, 59
Signal coincidence, 59
Sinusoidal pattern, 121, 121f
definitions of, 121
Sleep cycle, 108¢
Society of Obstetricians and
Gynaecologists of Canada
(SOGC), 271, 276, 277t
Spiral electrode, 49
contraindications to, 50
description of, 49, 49f
FHR and, 39
placement of, 50
situations requiring caution for, 50
troubleshooting for, 65
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Stability test, foam, 238, 238/
Stabilization, from emergency
department, 210
Standardized FHR management, 145
Standardized intrapartum FHR
management, 145
Standard of care, 146
sources, 246, 247f
Stethoscope, 28, 291
ST interval analysis, 281
Strength, of contractions, 85
Stroke, fetal, prediction and
prevention of, 138
Stroke volume, 14
ST-segment analysis, 161
fetal, 145
fetal ECG, 5, 281
Supine hypotension, 204
Supine positioning, 210
Supplemental oxygen, 153, 204
Surfactant
in foam stability test, 238
pulmonary, 238
Surgery
maternal, 212
non-obstetric, 212
fundamentals of, 215
Surveillance component, of perinatal
data system, 69
Suspicious/equivocal test, 225
System status screen, 69

T

Tachyarrhythmia, fetal, 108¢
Tachycardia
cardiotocography traces, 274f
fetal, 112, 1131
definition of, 112
interpretation of, 112
potential causes of, 114
Tachysystole, 99, 257
qualification of, 88
Task Force on Neonatal
Encephalopathy and
Cerebral Palsy, 4
Teamwork, interdisciplinary, 243
Telemetry, 64, 64f
Terbutaline, 180
Terminal bradycardia, 134
Terminology
guidelines for, 276
inconsistent, inaccurate, 260
NICHD, 251

Terminology (Continued)
nonstandardized, 260
standardized fetal heart rate,
electronic fetal heart rate
monitoring, evolution of,
104, 105¢

standardized, use of, 261

uterine activity, 260

Term pregnancy
nonreactive NST in, 230f
reactive NST in, 229f

Tocodynamometer, FHR and, 39

Tocolytic agents, 215

Tocolytic therapy, FHR and, 178

Tocotransducer, 42f, 45. See also

External tocotransducer
description of, 45
external, and uterine activity, 77, 79
FHR and, 39
and maternal position change,
807
placement of, 45
troubleshooting for, 65
uterine contractions, 80

Tort, 246

T/QRS ratio, 281

Tracings, cardiotocography, 271,

2721274

Transducers, external
advantages of, 46
care, cleaning, and storage of, 44
limitations of, 46

Transient hypotension, 15

Transvaginal ultrasound (TVUS), IA

and, 28
Trauma, 205. See also Pregnant
trauma victim
A-B-C-D-E approach, 205
decision tree for, 210, 211f
maternal, 2111
pregnancy and, 203, 204¢
supine hypotension and, 204

Trendelenburg positioning, 154

Trend screen, 69

Triage, 184. See also Emergency

department
and medical screening examination,
203
Troubleshooting, electronic fetal
monitoring, 65
actions, 65
TVUS. See Transvaginal ultrasound
(TVUS)
“Twin offset” mechanism, 57



Index 351

Twins
Dual US heart rate monitoring strip
for, 60f
monitoring of, 57, 59/-60f

U

UA. See Uterine activity (UA)
Ultrasound transducer
external mode of, 42, 42f, 44
FHR and, 39
placement of, 43
troubleshooting for, 65
Umbilical arterial values, 163
Umbilical artery, 16
Doppler velocimetry, 235-236
Umbilical cord, 22
blood gas analysis, 163, 279
blood, normal values for, 164
Umbilical cord compression, 155
decelerations and, 128
Uniform accelerations, 134
United States, obstetric models of
care and electronic fetal
monitoring outside, 269
Unsatisfactory test, 225
Uterine activity (UA), 77. See also
Internal uterine activity
monitoring; Tachysystole
assessment methods, 77, 78f
defining
adequate, 83
excessive, 85, 901, 91
display of, 54, 55f°
documentation of, 257
electronic display of, 81
electronic monitoring of, 78f,
79-80, 80/
evaluation of, 28
fetal heart rate and, 39, 147,
1481
during labor, 86f, 99
assumptions, 91
components of, 85
evaluation of, 91
monitoring of, 47, 48f
monitor strip of, 81, 82f
normal, examples of, 86/
and oxytocin use, 95
external monitoring, 99/
safe and effective, 97
preterm, 177, 179f
reduce, 154
summary of, 99

Uterine activity (UA) (Continued)
terminology, 260
and tocotransducer, 77, 79
Uterine artery Doppler waveform, 236
Uterine contraction assessment, 38
Uterine contractions. See also
Contraction stress test;
Low-amplitude, high
frequency (LAHF) uterine
contractions
during childbirth, apparatus for
studying, 2f'
coupling of, 98f
duration of, 80, 85
FHR tracings, 79, 80f
frequency of, external mode
tocotransducer, 80
manual palpation and, 78-79
placental abruption and, 209
strength/intensity of, 80
Uterine irritability, 177
placental abruption and, 209
Uterine palpation, 38
Uterine perfusion, 19
Uterine rupture, 204¢
Uterine size, and gestational age, 206/
Uterus, 15
interruption of oxygen transfer, 15
left lateral positioning and manual
displacement of, 210, 216/

\

Variability
absent, 118
definition of, 118
interpretation of, 118
baseline, in preterm fetus, 173
beat-to-beat, 109
within deceleration, 137
FHR, 115, 116/
definition of, 115, 116/
physiology of, 118
long-term, 109
marked, 121
definition of, 121
interpretation of, 121
minimal, 120
definition of, 120
interpretation of, 120
moderate, 120
definition of, 120
interpretation of, 120
short-term, 109
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Variable deceleration
cardiotocography with, 272f-273f
with late component, 135

Vasculature, maternal, 15

Vibroacoustic stimulation, 160
FHR accelerations and, 181

V-shaped variables, 136

w

“Waiting to decide,” 159, 165
Wandering baseline, 133
Well-meaning care, 201
W-shaped variables, 136
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