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In April 2008, the Eunice Kennedy
Shriver National Institute of Child
Health and Human Development, the
American College of Obstetricians

and Gynecologists, and the Society
for Maternal-Fetal Medicine part-
nered to sponsor a 2-day workshop
to revisit nomenclature, interpreta-
tion, and research recommendations
for intrapartum electronic fetal heart
rate monitoring. Participants included
obstetric experts and representatives
from relevant stakeholder groups and
organizations. This article provides a
summary of the discussions at the
workshop. This includes a discussion
of terminology and nomenclature for
the description of fetal heart tracings
and uterine contractions for use in
clinical practice and research. A
three-tier system for fetal heart rate
tracing interpretation is also de-
scribed. Lastly, prioritized topics for
future research are provided.
(Obstet Gynecol 2008;112:661–6)

The Eunice Kennedy Shriver Na-
tional Institute of Child Health

and Human Development (NICHD)
convened a series of workshops in
the mid- 1990s to develop standard-
ized and unambiguous definitions
for fetal heart rate (FHR) tracings,
culminating in a publication of rec-
ommendations for defining fetal
heart rate characteristics.1 The goal
of these definitions was to allow the
predictive value of monitoring to
be assessed more meaningfully and
to allow evidence-based clinical

management of intrapartum fetal
compromise.

The definitions agreed upon in
that workshop were endorsed for
clinical use in the most recent Amer-
ican College of Obstetricians and
Gynecologists (ACOG) Practice Bul-
letin in 2005 and also endorsed by
the Association of Women’s Health,
Obstetric and Neonatal Nurses.2

Subsequently, the Royal College of
Obstetricians and Gynaecologists
(RCOG, 2001) and the Society of
Obstetricians and Gynaecologists of
Canada (SOGC, 2007) convened ex-
pert groups to assess the evidence-
based use of electronic fetal monitor-
ing (EFM). These groups produced
consensus documents with more
specific recommendations for FHR
pattern classification and intrapar-
tum management actions.3,4 In addi-
tion, new interpretations and defini-
tions have been proposed, includ-
ing terminology such as “tachysys-
tole” and “hyperstimulation” and
new interpretative systems using
three and five tiers.3–5 The SOGC
Consensus Guidelines for Fetal
Health Surveillance presents a
three-tier system (normal, atypical,
abnormal), as does RCOG.3,4 Parer
and Ikeda5 recently suggested a
five-tier management grading sys-
tem. Recently, the NICHD, ACOG,
and the Society for Maternal-Fetal
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Medicine jointly sponsored a work-
shop focused on EFM. The goals of
this workshop were 1) to review and
update the definitions for FHR pat-
tern categorization from the prior
workshop; 2) to assess existing clas-
sification systems for interpreting
specific FHR patterns and to make
recommendations about a system for
use in the United States; and 3) to
make recommendations for research
priorities for EFM. Thus, while goals
1 and 3 are similar to the prior
workshop, a new emphasis on inter-
pretative systems (goal 2) was part of
the recent workshop.

As was true in the prior publica-
tion,1 before presenting actual defini-
tions and interpretation, it is neces-
sary to state a number of assumptions
and factors common to FHR inter-
pretation in the United States.
These were defined in the initial
publication1 and were affirmed
and/or updated by the panel:

A. The definitions are primarily
developed for visual interpreta-
tion of FHR patterns. However,
it is recognized that computer-
ized interpretation is being de-
veloped and the definitions
must also be adaptable to such
applications.

B. The definitions apply to the in-
terpretations of patterns pro-
duced from either a direct fetal
electrode detecting the fetal
electrocardiogram or an exter-
nal Doppler device detecting
the fetal heart rate events with
use of the autocorrelation tech-
nique.

C. The record of both the FHR
and uterine activity should be
of adequate quality for visual
interpretation.

D. The prime emphasis in this re-
port is on intrapartum patterns.
The definitions may also be ap-
plicable to antepartum observa-
tions.

E. The characteristics to be de-
fined are those commonly used
in clinical practice and research
communications.

F. The features of FHR patterns
are categorized as either base-
line, periodic, or episodic. Peri-
odic patterns are those associ-
ated with uterine contractions,
and episodic patterns are those
not associated with uterine con-
tractions.

G. The periodic patterns are distin-
guished on the basis of wave-
form, currently accepted as ei-
ther “abrupt” or “gradual” onset.

H. Accelerations and decelera-
tions are generally determined
in reference to the adjacent
baseline FHR.

I. No distinction is made between
short-term variability (or beat-
to-beat variability or R–R wave
period differences in the elec-
trocardiogram) and long-term
variability, because in actual
practice they are visually deter-
mined as a unit. Hence, the
definition of variability is based
visually on the amplitude of the
complexes, with exclusion of
the sinusoidal pattern.

J. There is good evidence that a
number of characteristics of
FHR patterns are dependent
upon fetal gestational age and
physiologic status as well as ma-
ternal physiologic status. Thus,
FHR tracings should be evalu-
ated in the context of many
clinical conditions including
gestational age, prior results of
fetal assessment, medications,
maternal medical conditions,
and fetal conditions (eg, growth
restriction, known congenital
anomalies, fetal anemia, ar-
rhythmia, etc).

K. The individual components of
defined FHR patterns do not
occur independently and gen-
erally evolve over time.

L. A full description of an EFM
tracing requires a qualitative
and quantitative description of:
1. Uterine contractions.
2. Baseline fetal heart rate.
3. Baseline FHR variability.
4. Presence of accelerations.
5. Periodic or episodic deceler-

ations.
6. Changes or trends of FHR

patterns over time.

Uterine contractions are quanti-
fied as the number of contractions
present in a 10-minute window,
averaged over 30 minutes. Con-
traction frequency alone is a partial
assessment of uterine activity.
Other factors such as duration, in-
tensity, and relaxation time be-
tween contractions are equally im-
portant in clinical practice.

The following represents termi-
nology to describe uterine activity:

A. Normal: �5 contractions in 10
minutes, averaged over a 30-
minute window.

B. Tachysystole: �5 contractions in
10 minutes, averaged over a
30-minute window.

C. Characteristics of uterine contractions:
• Tachysystole should always

be qualified as to the pres-
ence or absence of associated
FHR decelerations.

• The term tachysystole ap-
plies to both spontaneous or
stimulated labor. The clinical
response to tachysystole may
differ depending on whether
contractions are spontaneous
or stimulated.

• The terms hyperstimulation
and hypercontractility are
not defined and should be
abandoned.

Fetal heart rate patterns are de-
fined by the characteristics of base-
line, variability, accelerations, and
decelerations.

The baseline FHR is determined
by approximating the mean FHR
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rounded to increments of 5 beats
per minute (bpm) during a 10-
minute window, excluding acceler-
ations and decelerations and peri-
ods of marked FHR variability
(�25 bpm). There must be at least
2 minutes of identifiable baseline
segments (not necessarily contigu-
ous) in any 10-minute window, or
the baseline for that period is inde-
terminate. In such cases, it may be
necessary to refer to the previous
10-minute window for determina-
tion of the baseline. Abnormal
baseline is termed bradycardia when
the baseline FHR is �110 bpm; it is
termed tachycardia when the base-
line FHR is �160 bpm.

Baseline FHR variability is deter-
mined in a 10-minute window, ex-
cluding accelerations and decelera-
tions. Baseline FHR variability is
defined as fluctuations in the base-
line FHR that are irregular in ampli-
tude and frequency. The fluctuations
are visually quantitated as the ampli-
tude of the peak-to-trough in bpm.

Variability is classified as fol-
lows: Absent FHR variability: am-
plitude range undetectable. Mini-
mal FHR variability: amplitude
range�undetectable and �5 bpm.
Moderate FHR variability: amplitude
range 6 bpm to 25 bpm. Marked
FHR variability: amplitude range
�25 bpm.

An acceleration is a visually ap-
parent abrupt increase in FHR. An
abrupt increase is defined as an
increase from the onset of acceler-
ation to the peak in �30 seconds.
To be called an acceleration, the
peak must be �15 bpm, and the
acceleration must last �15 seconds
from the onset to return. A pro-
longed acceleration is �2 minutes
but �10 minutes in duration. Fi-
nally, an acceleration lasting �10
minutes is defined as a baseline
change. Before 32 weeks of gesta-
tion, accelerations are defined as
having a peak �10 bpm and a
duration of �10 seconds.

Decelerations are classified as
late, early, or variable based on
specific characteristics (see the Box,
“Characteristics of Decelerations”).
Variable decelerations may be ac-
companied by other characteris-
tics, the clinical significance of
which requires further research in-
vestigation. Some examples in-
clude a slow return of the FHR after
the end of the contraction, biphasic
decelerations, tachycardia after vari-
able deceleration(s), accelerations
preceding and/or following, some-
times called “shoulders” or “over-
shoots,” and fluctuations in the FHR
in the trough of the deceleration.

A prolonged deceleration is
present when there is a visually
apparent decrease in FHR from the
baseline that is �15 bpm, lasting
�2 minutes, but �10 minutes. A
deceleration that lasts �10 minutes
is a baseline change.

A sinusoidal fetal heart rate pattern
is a specific fetal heart rate pattern
that is defined as having a visually
apparent, smooth, sine wave–like
undulating pattern in FHR baseline
with a cycle frequency of 3–5/min
that persists for �20 minutes.

Quantitation of Decelerations
The magnitude of a deceleration is
quantitated by the depth of the nadir
in beats per minute (excluding tran-
sient spikes or electronic artifact).
The duration is quantitated in min-
utes and seconds from the beginning
to the end of the deceleration. Accel-
erations are quantitated similarly.

Some authors have suggested
grading of decelerations based on
the depth of the deceleration or
absolute nadir in beats per minute
and duration.4–7 These grading sys-
tems require further investigation
as to their predictive value.

Decelerations are defined as re-
current if they occur with �50% of
uterine contractions in any 20-
minute window. Decelerations oc-

curring with �50% of uterine con-
tractions in any 20-minute segment
are defined as intermittent.

General Considerations for
the Interpretation of Fetal
Heart Rate Patterns
A variety of systems for EFM
interpretation have been devel-
oped and propagated in the
United States and worldwide.3–5

Any interpretation system must
be based, to the greatest extent
possible, on existing evidence
(recognizing that in some areas
evidence is lacking). In addition,
any system should be simple and
applicable to clinical practice.

Given that the fetal heart rate
response is a dynamic process, and
one that evolves over time, the
categories of FHR patterns are dy-
namic and transient, requiring fre-
quent reassessment. It is common
for FHR tracings to move from one
category to another over time.

The FHR tracing should be in-
terpreted in the context of the over-
all clinical circumstances, and cate-
gorization of a FHR tracing is
limited to the time period being
assessed. The presence of FHR ac-
celerations (either spontaneous or
stimulated) reliably predicts the ab-
sence of fetal metabolic acidemia.
The absence of accelerations does
not, however, reliably predict fetal
acidemia. Fetal heart rate accelera-
tions can be stimulated with a vari-
ety of methods (vibroacoustic,
transabdominal halogen light, and
direct fetal scalp stimulation).

Moderate FHR variability reli-
ably predicts the absence of fetal
metabolic acidemia at the time it is
observed. Minimal or absent FHR
variability alone does not reliably
predict the presence of fetal hypox-
emia or metabolic acidemia. The
significance of marked FHR (previ-
ously described as saltatory) vari-
ability is unclear.
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Interpretation of Fetal Heart
Rate Patterns
Based on careful review of the
available options, a three-tier sys-
tem for the categorization of FHR
patterns is recommended (see the
Box, “Three-Tier Fetal Heart Rate
Interpretation System”). Although
the development of management
algorithms is a function of profes-
sional specialty entities, some gen-
eral management principles were
agreed upon for these categories.
Fetal heart rate tracing patterns
provide information on the current
acid–base status of the fetus and
cannot predict the development of
cerebral palsy. Categorization of
the FHR tracing evaluates the fetus
at that point in time; tracing pat-
terns can and will change. A FHR

tracing may move back and forth
between categories depending on
the clinical situation and manage-
ment strategies employed.

Category I FHR tracings are
normal. Category I FHR tracings
are strongly predictive of normal
fetal acid– base status at the time
of observation. Category I FHR
tracings may be followed in a
routine manner, and no specific
action is required.

Category II FHR tracings are in-
determinate. Category II FHR trac-
ings are not predictive of abnormal
fetal acid–base status, yet we do not
have adequate evidence at present to
classify these as Category I or Cate-
gory III. Category II FHR tracings
require evaluation and continued
surveillance and reevaluation, taking

into account the entire associated
clinical circumstances.

Category III FHR tracings are
abnormal. Category III tracings are
predictive of abnormal fetal acid–
base status at the time of observa-
tion. Category III FHR tracings
require prompt evaluation. De-
pending on the clinical situation,
efforts to expeditiously resolve the
abnormal FHR pattern may include,
but are not limited to, provision of
maternal oxygen, change in mater-
nal position, discontinuation of la-
bor stimulation, and treatment of
maternal hypotension.

Research Recommendations
Since the last workshop, there has
not been a wealth of research on
EFM. With the high penetrance of

Characteristics of Decelerations

Late Deceleration

• Visually apparent usually symmetrical gradual decrease and return of the fetal heart rate (FHR)
associated with a uterine contraction.

• A gradual FHR decrease is defined as from the onset to the FHR nadir of �30 seconds.
• The decrease in FHR is calculated from the onset to the nadir of the deceleration.
• The deceleration is delayed in timing, with the nadir of the deceleration occurring after the peak of

the contraction.
• In most cases, the onset, nadir, and recovery of the deceleration occur after the beginning, peak, and

ending of the contraction, respectively.

Early Deceleration

• Visually apparent, usually symmetrical, gradual decrease and return of the FHR associated with
a uterine contraction.

• A gradual FHR decrease is defined as one from the onset to the FHR nadir of �30 seconds.
• The decrease in FHR is calculated from the onset to the nadir of the deceleration.
• The nadir of the deceleration occurs at the same time as the peak of the contraction.
• In most cases the onset, nadir, and recovery of the deceleration are coincident with the beginning,

peak, and ending of the contraction, respectively.

Variable Deceleration

• Visually apparent abrupt decrease in FHR.
• An abrupt FHR decrease is defined as from the onset of the deceleration to the beginning of the FHR nadir

of �30 seconds. The decrease in FHR is calculated from the onset to the nadir of the deceleration.
• The decrease in FHR is �15 beats per minute, lasting �15 seconds, and �2 minutes in duration.
• When variable decelerations are associated with uterine contractions, their onset, depth, and duration commonly

vary with successive uterine contractions.
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this technology into obstetric prac-
tice, well-designed studies are
needed to fill gaps in knowledge.
Areas of highest priority for re-
search include observational stud-
ies focused on indeterminate FHR
patterns, including descriptive epi-
demiology, frequency of specific
patterns, change over time, the re-

lationship to clinically relevant out-
comes, and the effect of duration of
patterns (eg, recurrent late deceler-
ations with minimal variability) on
clinical outcomes. Other needed
studies include work that evaluates
contraction frequency, strength,
and duration on FHR and clinical
outcomes. Research also needs to

be focused on the effectiveness of
educational programs on EFM that
include all relevant stakeholders.
Although computerized interpreta-
tion systems have not developed as
rapidly as anticipated, studies are
needed on the effectiveness of com-
puterized compared with provider
interpretation, including the analy-

Three-Tier Fetal Heart Rate Interpretation System

Category I

Category I fetal heart rate (FHR) tracings include all of the following:

• Baseline rate: 110–160 beats per minute (bpm)
• Baseline FHR variability: moderate
• Late or variable decelerations: absent
• Early decelerations: present or absent
• Accelerations: present or absent

Category II

Category II FHR tracings include all FHR tracings not categorized as Category I or Category III. Category II
tracings may represent an appreciable fraction of those encountered in clinical care. Examples of Category II
FHR tracings include any of the following:

Baseline rate

• Bradycardia not accompanied by absent baseline variability
• Tachycardia

Baseline FHR variability
• Minimal baseline variability
• Absent baseline variability not accompanied by recurrent decelerations
• Marked baseline variability

Accelerations
• Absence of induced accelerations after fetal stimulation

Periodic or episodic decelerations
• Recurrent variable decelerations accompanied by minimal or moderate baseline variability
• Prolonged deceleration �2 minutes but �10 minutes
• Recurrent late decelerations with moderate baseline variability
• Variable decelerations with other characteristics, such as slow return to baseline, “overshoots,”

or “shoulders”

Category III

Category III FHR tracings include either:

• Absent baseline FHR variability and any of the following:
- Recurrent late decelerations
- Recurrent variable decelerations
- Bradycardia

• Sinusoidal pattern
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sis of existing data sets. Other areas
for work include the development
of new comprehensive data sets
integrating outcomes with EFM in
digitally addressable format and re-
search on effectiveness of tech-
niques supplementary to EFM,
such as ST segment analysis.
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Replaces Practice Bulletin Number 70, December 2005

This Practice Bulletin was devel-
oped by the ACOG Committee on
Practice Bulletins with the assis-
tance of George A. Macones, MD.
The information is designed to aid
practitioners in making decisions
about appropriate obstetric and
gynecologic care. These guidelines
should not be construed as dictating
an exclusive course of treatment or
procedure. Variations in practice
may be warranted based on the
needs of the individual patient,
resources, and limitations unique to
the institution or type of practice.

Intrapartum Fetal Heart Rate
Monitoring: Nomenclature,
Interpretation, and General
Management Principles
In the most recent year for which data are available, approximately 3.4 million
fetuses (85% of approximately 4 million live births) in the United States were
assessed with electronic fetal monitoring (EFM), making it the most common
obstetric procedure (1). Despite its widespread use, there is controversy about
the efficacy of EFM, interobserver and intraobserver variability, nomenclature,
systems for interpretation, and management algorithms. Moreover, there is evi-
dence that the use of EFM increases the rate of cesarean deliveries and opera-
tive vaginal deliveries. The purpose of this document is to review nomenclature
for fetal heart rate assessment, review the data on the efficacy of EFM, delin-
eate the strengths and shortcomings of EFM, and describe a system for EFM
classification.

Background
A complex interplay of antepartum complications, suboptimal uterine perfu-
sion, placental dysfunction, and intrapartum events can result in adverse neona-
tal outcome. Known obstetric conditions, such as hypertensive disease, fetal
growth restriction, and preterm birth, predispose fetuses to poor outcomes, but
they account for a small proportion of asphyxial injury. In a study of term preg-
nancies with fetal asphyxia, 63% had no known risk factors (2).

The fetal brain modulates the fetal heart rate through an interplay of sym-
pathetic and parasympathetic forces. Thus, fetal heart rate (FHR) monitoring
can be used to determine if a fetus is well oxygenated. It was used among 45%
of laboring women in 1980, 62% in 1988, 74% in 1992, and 85% in 2002 (1).
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Despite the frequency of its use, limitations of EFM
include poor interobserver and intraobserver reliability,
uncertain efficacy, and a high false-positive rate. 

Fetal heart rate monitoring may be performed exter-
nally or internally. Most external monitors use a Doppler
device with computerized logic to interpret and count the
Doppler signals. Internal FHR monitoring is accom-
plished with a fetal electrode, which is a spiral wire
placed directly on the fetal scalp or other presenting part. 

Guidelines for Nomenclature and
Interpretation of Electronic Fetal 
Heart Rate Monitoring 
In 2008, the Eunice Kennedy Shriver National Institute
of Child Health and Human Development partnered with
the American College of Obstetricians and Gynecolo-
gists and the Society for Maternal–Fetal Medicine to
sponsor a workshop focused on electronic FHR monitor-
ing (3). This 2008 workshop gathered a diverse group of
investigators with expertise and interest in the field to
accomplish three goals: 1) to review and update the def-
initions for FHR pattern categorization from the prior
workshop; 2) to assess existing classification systems for
interpreting specific FHR patterns and make recommen-
dations about a system for use in the United States; and
3) to make recommendations for research priorities for
EFM.  A complete clinical understanding of EFM neces-
sitates discussion of uterine contractions, baseline FHR
rate and variability, presence of accelerations, periodic
or episodic decelerations, and the changes in these char-
acteristics over time. A number of assumptions and fac-
tors common to FHR interpretation in the United States
are central to the proposed system of nomenclature 
and interpretation (3). Two such assumptions are of par-
ticular importance. First, the definitions are primarily
developed for visual interpretation of FHR patterns, but
should be adaptable to computerized systems of inter-
pretation. Second, the definitions should be applied to
intrapartum patterns, but also are applicable to antepar-
tum observations.

Uterine contractions are quantified as the number of
contractions present in a 10-minute window, averaged
over a 30-minute period. Contraction frequency alone is
a partial assessment of uterine activity. Other factors
such as duration, intensity, and relaxation time between
contractions are equally important in clinical practice.

Listed as follows is terminology used to describe
uterine activity:

Normal: five contractions or less in 10 minutes,
averaged over a 30-minute window

Tachysystole: more than five contractions in 10 min-
utes, averaged over a 30-minute window

Characteristics of uterine contractions

• The terms hyperstimulation and hypercontractility
are not defined and should be abandoned.

• Tachysystole should always be qualified as to the
presence or absence of associated FHR decelera-
tions.

• The term tachysystole applies to both spontaneous
and stimulated labor. The clinical response to tachy-
systole may differ depending on whether contrac-
tions are spontaneous or stimulated.

Table 1 provides EFM definitions and descriptions
based on the 2008 National Institute of Child Health and
Human Development Working Group findings. Deceler-
ations are defined as recurrent if they occur with at least
one half of the contractions. 

Classification of Fetal Heart 
Rate Tracings  
A variety of systems for EFM interpretation have been
used in the United States and worldwide (4–6). Based on
careful review of the available options, a three-tiered
system for the categorization of FHR patterns is recom-
mended (see box). It is important to recognize that FHR
tracing patterns provide information only on the current
acid–base status of the fetus. Categorization of the FHR
tracing evaluates the fetus at that point in time; tracing
patterns can and will change. An FHR tracing may move
back and forth between the categories depending on the
clinical situation and management strategies used.

Category I FHR tracings are normal. Category I FHR
tracings are strongly predictive of normal fetal acid–base
status at the time of observation. Category I FHR trac-
ings may be monitored in a routine manner, and no spe-
cific action is required.

Category II FHR tracings are indeterminate. Category
II FHR tracings are not predictive of abnormal fetal
acid–base status, yet presently there is not adequate evi-
dence to classify these as Category I or Category III.
Category II FHR tracings require evaluation and contin-
ued surveillance and reevaluation, taking into account
the entire associated clinical circumstances. In some cir-
cumstances, either ancillary tests to ensure fetal well-
being or intrauterine resuscitative measures may be used
with Category II tracings.

Category III FHR tracings are abnormal. Category III
tracings are associated with abnormal fetal acid–base
status at the time of observation. Category III FHR trac-
ings require prompt evaluation. Depending on the clini-
cal situation, efforts to expeditiously resolve the
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Table 1. Electronic Fetal Monitoring Definitions 

Pattern Definition

Baseline • The mean FHR rounded to increments of 5 beats per minute during a 10-minute segment, excluding: 
—Periodic or episodic changes 
—Periods of marked FHR variability 
—Segments of baseline that differ by more than 25 beats per minute 

• The baseline must be for a minimum of 2 minutes in any 10-minute segment, or the baseline for that time period 
is indeterminate. In this case, one may refer to the prior 10-minute window for determination of baseline.

• Normal FHR baseline: 110–160 beats per minute
• Tachycardia: FHR baseline is greater than 160 beats per minute
• Bradycardia: FHR baseline is less than 110 beats per minute

Baseline variability • Fluctuations in the baseline FHR that are irregular in amplitude and frequency
• Variability is visually quantitated as the amplitude of peak-to-trough in beats per minute.

—Absent—amplitude range undetectable 
—Minimal—amplitude range detectable but 5 beats per minute or fewer 
—Moderate (normal)—amplitude range 6–25 beats per minute 
—Marked—amplitude range greater than 25 beats per minute 

Acceleration • A visually apparent abrupt increase (onset to peak in less than 30 seconds) in the FHR
• At 32 weeks of gestation and beyond, an acceleration has a peak of 15 beats per minute or more above baseline, 

with a duration of 15 seconds or more but less than 2 minutes from onset to return.
• Before 32 weeks of gestation, an acceleration has a peak of 10 beats per minute or more above baseline, with a 

duration of 10 seconds or more but less than 2 minutes from onset to return.
• Prolonged acceleration lasts 2 minutes or more but less than 10 minutes in duration.
• If an acceleration lasts 10 minutes or longer, it is a baseline change.

Early deceleration • Visually apparent usually symmetrical gradual decrease and return of the FHR associated with a uterine contraction
• A gradual FHR decrease is defined as from the onset to the FHR nadir of 30 seconds or more.
• The decrease in FHR is calculated from the onset to the nadir of the deceleration. 
• The nadir of the deceleration occurs at the same time as the peak of the contraction.
• In most cases the onset, nadir, and recovery of the deceleration are coincident with the beginning, peak, and 

ending of the contraction, respectively. 
Late deceleration • Visually apparent usually symmetrical gradual decrease and return of the FHR associated with a uterine contraction 

• A gradual FHR decrease is defined as from the onset to the FHR nadir of 30 seconds or more.
• The decrease in FHR is calculated from the onset to the nadir of the deceleration. 
• The deceleration is delayed in timing, with the nadir of the deceleration occurring after the peak of the contraction.
• In most cases, the onset, nadir, and recovery of the deceleration occur after the beginning, peak, and ending of 

the contraction, respectively.
Variable deceleration • Visually apparent abrupt decrease in FHR

• An abrupt FHR decrease is defined as from the onset of the deceleration to the beginning of the FHR nadir of less 
than 30 seconds. 

• The decrease in FHR is calculated from the onset to the nadir of the deceleration. 
• The decrease in FHR is 15 beats per minute or greater, lasting 15 seconds or greater, and less than 2 minutes in 

duration.
• When variable decelerations are associated with uterine contractions, their onset, depth, and duration commonly 

vary with successive uterine contractions.
Prolonged deceleration • Visually apparent decrease in the FHR below the baseline

• Decrease in FHR from the baseline that is 15 beats per minute or more, lasting 2 minutes or more but less than 10 
minutes in duration.

• If a deceleration lasts 10 minutes or longer, it is a baseline change. 
Sinusoidal pattern • Visually apparent, smooth, sine wave-like undulating pattern in FHR baseline with a cycle frequency of 3–5 per 

minute which persists for 20 minutes or more.

Abbreviation: FHR, fetal heart rate.

Macones GA, Hankins GD, Spong CY, Hauth J, Moore T. The 2008 National Institute of Child Health and Human Development workshop report on electronic fetal mon-
itoring: update on definitions, interpretation, and research guidelines. Obstet Gynecol 2008;112:661–6.
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abnormal FHR pattern may include but are not limited to
provision of maternal oxygen, change in maternal posi-
tion, discontinuation of labor stimulation, treatment of
maternal hypotension, and treatment of tachysystole
with FHR changes. If a Category III tracing does not
resolve with these measures, delivery should be under-
taken.

Guidelines for Review of Electronic
Fetal Heart Rate Monitoring 
When EFM is used during labor, the nurses or physicians
should review it frequently. In a patient without compli-
cations, the FHR tracing should be reviewed approxi-
mately every 30 minutes in the first stage of labor and
every 15 minutes during the second stage. The corre-
sponding frequency for patients with complications (eg,
fetal growth restriction, preeclampsia) is approximately
every 15 minutes in the first stage of labor and every 5
minutes during the second stage. Health care providers
should periodically document that they have reviewed
the tracing. The FHR tracing, as part of the medical
record, should be labeled and available for review if the
need arises. Computer storage of the FHR tracing that
does not permit overwriting or revisions is reasonable, as
is microfilm recording. 

Clinical Considerations and
Recommendations

How efficacious is intrapartum electronic
fetal heart rate monitoring? 

The efficacy of EFM during labor is judged by its abili-
ty to decrease complications, such as neonatal seizures,
cerebral palsy, or intrapartum fetal death, while mini-
mizing the need for unnecessary obstetric interventions,
such as operative vaginal delivery or cesarean delivery.
There are no randomized clinical trials to compare the
benefits of EFM with any form of monitoring during
labor (7). Thus, the benefits of EFM are gauged from
reports comparing it with intermittent auscultation. 

A meta-analysis synthesizing the results of the ran-
domized clinical trials comparing the modalities had the
following conclusions (8):

• The use of EFM compared with intermittent auscul-
tation increased the overall cesarean delivery rate
(relative risk [RR], 1.66; 95% confidence interval
[CI], 1.30–2.13) and the cesarean delivery rate for
abnormal FHR or acidosis or both (RR, 2.37; 95%
CI, 1.88–3.00).

Three-Tiered Fetal Heart Rate Interpretation System

Category I
• Category I FHR tracings include all of the following:
• Baseline rate: 110–160 beats per minute
• Baseline FHR variability: moderate 
• Late or variable decelerations: absent
• Early decelerations: present or absent
• Accelerations: present or absent

Category II
Category II FHR tracings includes all FHR tracings not
categorized as Category I or Category III. Category II
tracings may represent an appreciable fraction of those
encountered in clinical care. Examples of Category II
FHR tracings include any of the following:
Baseline rate
• Bradycardia not accompanied by absent baseline

variability
• Tachycardia  
Baseline FHR variability
• Minimal baseline variability
• Absent baseline variability with no recurrent 

decelerations
• Marked baseline variability
Accelerations
• Absence of induced accelerations after fetal stimulation
Periodic or episodic decelerations
• Recurrent variable decelerations accompanied by

minimal or moderate baseline variability
• Prolonged deceleration more than 2 minutes but

less than10 minutes
• Recurrent late decelerations with moderate baseline

variability
• Variable decelerations with other characteristics such

as slow return to baseline, overshoots, or “shoulders” 

Category III
Category III FHR tracings include either
• Absent baseline FHR variability and any of the 

following:
—Recurrent late decelerations
—Recurrent variable decelerations
—Bradycardia 

• Sinusoidal pattern

Abbreviation: FHR, fetal heart rate
Macones GA, Hankins GD, Spong CY, Hauth J, Moore T. The 2008
National Institute of Child Health and Human Development workshop
report on electronic fetal monitoring: update on definitions, interpreta-
tion, and research guidelines. Obstet Gynecol 2008;112:661–6.
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• The use of EFM increased the risk of both vacuum
and forceps operative vaginal delivery (RR, 1.16;
95% CI, 1.01–1.32).

• The use of EFM did not reduce perinatal mortality
(RR, 0.85; 95% CI, 0.59–1.23). 

• The use of EFM reduced the risk of neonatal seizures
(RR, 0.50; 95% CI, 0.31–0.80).

• The use of EFM did not reduce the risk of cerebral
palsy (RR, 1.74; 95% CI, 0.97–3.11).

There is an unrealistic expectation that a nonreas-
suring FHR tracing is predictive of cerebral palsy. The
positive predictive value of a nonreassuring pattern to
predict cerebral palsy among singleton newborns with
birth weights of 2,500 g or more is 0.14%, meaning that
out of 1,000 fetuses with a nonreassuring FHR pattern,
only one or two will develop cerebral palsy (9). The false-
positive rate of EFM for predicting cerebral palsy is
extremely high, at greater than 99%. 

Available data, although limited in quantity, suggest
that the use of EFM does not result in a reduction in cere-
bral palsy (8). This is consistent with data that suggest
that the occurrence of cerebral palsy has been stable over
time, despite the widespread introduction of EFM (10).
The principal explanation for why the prevalence of
cerebral palsy has not diminished despite the use of EFM
is that 70% of cases occur before the onset of labor; only
4% of cases of encephalopathy can be attributed solely
to intrapartum events (11, 12). 

Given that the available data do not show a clear
benefit for the use of EFM over intermittent auscultation,
either option is acceptable in a patient without complica-
tions. Logistically, it may not be feasible to adhere to
guidelines for how frequently the heart rate should be
auscultated. One prospective study noted that the proto-
col for intermittent auscultation was successfully com-
pleted in only 3% of the cases (13). The most common
reasons for unsuccessful intermittent auscultation
included the frequency of recording and the require-
ments for recording. 

Intermittent auscultation may not be appropriate for
all pregnancies. Most of the clinical trials that compare
EFM with intermittent auscultation have excluded par-
ticipants at high risk of adverse outcomes, and the rela-
tive safety of intermittent auscultation in such cases is
uncertain. The labor of women with high-risk conditions
(eg, suspected fetal growth restriction, preeclampsia, and
type 1 diabetes) should be monitored with continuous
FHR monitoring. 

There are no comparative data indicating the opti-
mal frequency at which intermittent auscultation should
be performed in the absence of risk factors. One method

is to evaluate and record the FHR at least every 15 min-
utes in the active phase of the first stage of labor and at
least every 5 minutes in the second stage (14). 

What is the interobserver and intraobserver
variability of intrapartum electronic fetal
heart rate monitoring assessment? 

There is high interobserver and intraobserver variability
in the interpretation of FHR tracings. For example, when
four obstetricians examined 50 cardiotocograms, they
agreed in only 22% of the cases (15). Two months later,
during the second review of the same 50 tracings, the cli-
nicians interpreted 21% of the tracings differently than
they did during the first evaluation. In another study, five
obstetricians independently interpreted 150 cardiotoco-
grams (16). The obstetricians interpreted the tracings
similarly in 29% of the cases, suggesting poor interob-
server reliability. 

The interpretation of cardiotocograms is more con-
sistent when the tracing is normal (17). With retrospec-
tive reviews, the foreknowledge of neonatal outcome may
alter the reviewer’s impressions of the tracing. Given the
same intrapartum tracing, a reviewer is more likely to
find evidence of fetal hypoxia and criticize the obstetri-
cian’s management if the outcome was poor versus good
(18). Therefore, reinterpretation of the FHR tracing,
especially if neonatal outcome is known, may not be 
reliable.

When should the very preterm fetus be 
monitored? 

The decision to monitor the very preterm fetus requires
a discussion between the obstetrician, pediatrician, and
patient concerning the likelihood of survival or severe
morbidity of the preterm child (based on gestational age,
estimated fetal weight, and other factors) and issues
related to mode of delivery. If a patient undergoes a
cesarean delivery for indications related to a preterm
fetus, continuous monitoring should be used rather than
intermittent auscultation. The earliest gestational age
that this will occur may vary. 

Nonreassuring FHR patterns may occur with up to
60% of women with preterm labor, with the most com-
mon abnormality being deceleration and bradycardia,
followed by tachycardia and minimal or absent baseline
variability (19). Variable decelerations are more com-
mon among preterm (55–70%) deliveries than term
(20–30%) deliveries (20). If FHR abnormalities are per-
sistent, intrauterine resuscitation, ancillary tests to
ensure fetal well-being, and possibly delivery should be
undertaken (21). 
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What medications can affect the fetal heart
rate? 

Fetal heart rate patterns can be influenced by the med-
ications administered in the intrapartum period. Most
often, these changes are transient, although they some-
times lead to obstetric interventions. 

Epidural analgesia with local anesthetic agents (ie,
lidocaine, bupivacaine) can lead to sympathetic block-
ade, maternal hypotension, transient uteroplacental insuf-
ficiency, and alterations in the FHR. Parenteral narcotics
also may affect the FHR. A randomized trial comparing
epidural anesthesia with 0.25% of bupivacaine and intra-
venous meperidine reported that the variability was
decreased, and FHR accelerations were significantly less
common with parenteral analgesia compared with
regional analgesia (22). The rates of decelerations and
cesarean delivery for “nonreassuring” FHR tracings
were similar for the two groups. A systematic review of
five randomized trials and seven observational studies
also noted that the rate of cesarean delivery for nonreas-
suring FHR was similar between those who did and
those who did not receive epidural analgesia during labor
(23). 

Concern has been raised about combined spinal–
epidural anesthesia during labor. An intent-to-treat
analysis of 1,223 laboring women randomized to com-
bined spinal–epidural anesthesia (10 mcg of intrathecal
sufentanil, followed by epidural bupivacaine and fen-
tanyl at the next request for analgesia) or intravenous
meperidine (50 mg on demand, maximum 200 mg in 
4 hours) noted a significantly higher rate of bradycar-
dia and emergent cesarean delivery for abnormal FHR
in the group randomized to combined spinal–epidural
anesthesia (24). Neonatal outcome, however, was not
significantly different between the two groups. There
are some methodological concerns with this study.
Another randomized controlled trial compared the
occurrence of FHR tracing abnormalities in laboring
women who received combined spinal–epidural anes-
thesia (n= 41) to epidural anesthesia (n=46). In this
study, FHR abnormalities were more common in
women receiving combined spinal–epidural anesthesia
(25). Additional trials are necessary to determine the
potential safety and efficacy of the combined spinal–
epidural technique. 

Other medications that influence FHR tracing have
been studied (see Table 2). Of note, multiple regression
analysis indicated that decreased variability attributed to
the use of magnesium sulfate was related to early gesta-
tional age but not the serum magnesium level (26).
Studies report different findings with regard to the effect

of magnesium on FHR patterns. Some show no inde-
pendent effect; others show small changes in baseline or
variability. In general, however, caution should be used
in ascribing unfavorable findings on EFM to the use of
magnesium alone. 

Transient sinusoidal FHR patterns occurred in 75%
of patients who received butorphanol during labor, but
this was not associated with adverse outcomes (27).
Fetuses exposed to cocaine did not exhibit any charac-
teristic changes in the heart rate pattern, although they
did have frequent contractions even when labor was
unstimulated (28). As determined by computer analysis
of cardiotocograms, a randomized trial reported that
compared with meperidine, nalbuphine used for intra-
partum analgesia decreased the likelihood of two 15-sec-
ond accelerations over 20 minutes (29). In antepartum
patients, administration of morphine decreased not only
the fetal breathing movement but also the number of
accelerations (30). 

The effect of corticosteroids, which are used to
enhance pulmonary maturity of fetuses during preterm
labor, on FHR has been studied (Table 2). Among twins
(31) and singletons (32, 33), the use of betamethasone
transiently decreased the FHR variability, which returned
to pretreatment status by the fourth to seventh day. There
also may be a decrease in the rate of accelerations with
the use of betamethasone. These changes, however, were
not associated with increased obstetric interventions or
with adverse outcomes (31). The biologic mechanism of
this is unknown. Computerized analysis of the cardioto-
cograms indicates that use of dexamethasone is not asso-
ciated with a decrease in the FHR variability (33).

What findings on EFM are consistent with
normal fetal acid–base status? 

The presence of FHR accelerations generally ensures that
the fetus is not acidemic. The data relating FHR variabil-
ity to clinical outcomes, however, are sparse. Results of
an observational study suggest that moderate FHR vari-
ability is strongly associated with an arterial umbilical
cord pH higher than 7.15 (34). One study reported that in
the presence of late or variable decelerations, the umbili-
cal arterial pH was higher than 7.00 in 97% of the cases
if the FHR tracing had normal variability (35). In anoth-
er retrospective study, most cases of adverse neonatal out-
come demonstrated normal FHR variability (36). This
study is limited because it did not consider other charac-
teristics of the FHR tracing, such as the presence of accel-
erations or decelerations. However, in most cases, normal
FHR variability provides reassurance about fetal status
and the absence of metabolic acidemia.
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Table 2. Effects of Commonly Used Medications on Fetal Heart Rate Patterns

Medications Comments References

Narcotics At equivalent doses, all narcotics (with or without added antiemetics) have similar 1–7
effects: a decrease in variability and a decrease in the frequency of accelerations
75 mg meperidine = 10 mg morphine = 0.1 mg fentanyl = 10 mg nalbuphine

Butorphanol Transient sinusoidal FHR pattern, slight increased mean heart rate compared with meperidine 8, 9

Cocaine Decreased long-term variability 10, 11

Corticosteroids Decrease in FHR variability with beta-methasone but not dexamethasone, abolishment 12–15
of diurnal fetal rhythms, increased effect at greater than 29 weeks of gestation

Magnesium sulfate A significant decrease in short-term variability, clinically insignificant decrease in FHR, 16, 17
inhibits the increase in accelerations with advancing gestational age 

Terbutaline Increase in baseline FHR and incidence of fetal tachycardia 18, 19

Zidovudine No difference in the FHR baseline, variability, number of accelerations, or decelerations 20

Abbreviation: FHR, fetal heart rate. 
References

1. Hill JB, Alexander JM, Sharma SK, McIntire DD, Leveno KJ. A comparison of the effects of epidural and meperidine analgesia during labor on fetal heart rate. Obstet
Gynecol 2003;102:333–7.

2. Panayotopoulos N, Salamalekis E, Kassanos D, Vitoratos N, Loghis C, Batalias L. Intrapartum vibratory acoustic stimulation after maternal meperidine administra-
tion. Clin Exp Obstet Gynecol 1998;25:139–40.

3. Zimmer EZ, Divon MY, Vadasz A. Influence of meperidine on fetal movements and heart rate beat-to-beat variability in the active phase of labor. Am J Perinatol
1988;5:197–200.

4. Kopecky EA, Ryan ML, Barrett JF, Seaward PG, Ryan G, Koren G, et al. Fetal response to maternally administered morphine. Am J Obstet Gynecol 2000;183:424–30.
5. Rayburn W, Rathke A, Leuschen MP, Chleborad J, Weidner W. Fentanyl citrate analgesia during labor. Am J Obstet Gynecol 1989;161:202–6.
6. Nicolle E, Devillier P, Delanoy B, Durand C, Bessard G. Therapeutic monitoring of nalbuphine: transplacental transfer and estimated pharmacokinetics in the

neonate. Eur J Clin Pharmacol 1996;49:485–9.
7. Poehlmann S, Pinette M, Stubblefield P. Effect of labor analgesia with nalbuphine hydrochloride on fetal response to vibroacoustic stimulation. J Reprod Med

1995;40:707–10.
8. Hatjis CG, Meis PJ. Sinusoidal fetal heart rate pattern associated with butorphanol administration. Obstet Gynecol 1986;67:377–80.
9. Quilligan EJ, Keegan KA, Donahue MJ. Double-blind comparison of intravenously injected butorphanol and meperidine in parturients. Int J Gynaecol Obstet

1980;18:363–7.
10. Chazotte C, Forman L, Gandhi J. Heart rate patterns in fetuses exposed to cocaine. Obstet Gynecol 1991;78:323–5.
11. Tabor BL, Soffici AR, Smith-Wallace T, Yonekura ML. The effect of maternal cocaine use on the fetus: changes in antepartum fetal heart rate tracings. Am J Obstet

Gynecol 1991;165:1278–81.
12. Senat MV, Minoui S, Multon O, Fernandez H, Frydman R, Ville Y. Effect of dexamethasone and betamethasone on fetal heart rate variability in preterm labour: a

randomised study. Br J Obstet Gynaecol 1998;105:749–55.
13. Rotmensch S, Liberati M, Vishne TH, Celentano C, Ben-Rafael Z, Bellati U. The effect of betamethasone and dexamethasone on fetal heart rate patterns and bio-

physical activities. A prospective randomized trial. Acta Obstet Gynecol Scand 1999;78:493–500.
14. Koenen SV, Mulder EJ, Wijnberger LD, Visser GH. Transient loss of the diurnal rhythms of fetal movements, heart rate, and its variation after maternal betametha-

sone administration. Pediatr Res 2005;57:662–6.
15. Mulder EJ, Koenen SV, Blom I, Visser GH. The effects of antenatal betamethasone administration on fetal heart rate and behaviour depend on gestational age. Early

Hum Dev 2004;76:65–77.
16. Hallak M, Martinez-Poyer J, Kruger ML, Hassan S, Blackwell SC, Sorokin Y. The effect of magnesium sulfate on fetal heart rate parameters: a randomized, placebo-

controlled trial. Am J Obstet Gynecol 1999;181:1122–7.
17. Wright JW, Ridgway LE, Wright BD, Covington DL, Bobitt JR. Effect of MgSO4 on heart rate monitoring in the preterm fetus. J Reprod Med 1996;41:605–8.
18. Mawaldi L, Duminy P, Tamim H. Terbutaline versus nifedipine for prolongation of pregnancy in patients with preterm labor. Int J Gynaecol Obstet 2008;100:65–8.
19. Roth AC, Milsom I, Forssman L, Ekman LG, Hedner T. Effects of intravenous terbutaline on maternal circulation and fetal heart activity. Acta Obstet Gynecol Scand

1990;69:223–8.
20. Blackwell SC, Sahai A, Hassan SS, Treadwell MC, Tomlinson MW, Jones TB, et al. Effects of intrapartum zidovudine therapy on fetal heart rate parameters in women

with human immunodeficiency virus infection. Fetal Diagn Ther 2001;16:413–6.

FOR CLASSROOM USE ONLY



VOL. 114, NO. 1, JULY 2009 ACOG Practice Bulletin    Intrapartum Fetal Heart Rate Monitoring 199

Are there ancillary tests that can aid in the
management of Category II or Category III
fetal heart rate tracings? 

There are some ancillary tests available that help to
ensure fetal well-being in the face of a Category II or
Category III FHR tracing, thereby reducing the high
false-positive rate of EFM. 

In the case of an EFM tracing with minimal or
absent variability and without spontaneous acceleration,
an effort should be made to elicit one. A meta-analysis of
11 studies of intrapartum fetal stimulation noted that
four techniques are available to stimulate the fetus: 1)
fetal scalp sampling, 2) Allis clamp scalp stimulation,
3) vibroacoustic stimulation, and 4) digital scalp stimu-
lation (37). Because vibroacoustic stimulation and digi-
tal scalp stimulation are less invasive than the other two
methods, they are the preferred methods. When there is
an acceleration following stimulation, acidemia is
unlikely and labor can continue. 

When a Category III FHR tracing is persistent, a
scalp blood sample for the determination of pH or lactate
may be considered. However, the use of scalp pH assess-
ment has decreased (38), and this test may not even be
available at some tertiary hospitals (39). There are likely
many reasons for this decrease, including physician
experience, difficulty in obtaining and processing an
adequate sample in a short amount of time, and the need
for routine maintenance and calibration of laboratory
equipment that may be used infrequently. More impor-
tantly, scalp stimulation, which is less invasive, provides
similar information about the likelihood of fetal
acidemia as does scalp pH.

In one study, the sensitivity and positive predictive
value of a low scalp pH (defined in the study as less than
7.21 because it is the 75th percentile) to predict umbili-
cal arterial pH less than 7.00 was 36% and 9%, respec-
tively (40). More importantly, the sensitivity and positive
predictive value of a low scalp pH to identify a newborn
with hypoxic–ischemic encephalopathy was 50% and
3%, respectively. However, the greater utility of scalp pH
is in its high negative predictive value (97–99%). There
are some data to suggest that fetal scalp lactate levels
have higher sensitivity and specificity than scalp pH
(40). However, a recent large randomized clinical trial
that compared the use of scalp pH assessment to scalp
lactate level assessment in cases of intrapartum fetal 
distress did not demonstrate a difference in the rate of
acidemia at birth, Apgar scores, or neonatal intensive
care unit admissions (41). Although scalp stimulation
has largely replaced scalp pH and scalp lactate assess-
ment in the United States, if available, these tests may

provide additional information in the setting of a
Category III tracing.

Pulse oximetry has not been demonstrated to be a
clinically useful test in evaluating fetal status (42–44).

Are there methods of intrauterine resuscita-
tion that can be used for Category II or
Category III tracings? 

A Category II or Category III FHR tracing requires eval-
uation of the possible causes. Initial evaluation and treat-
ment may include the following:

• Discontinuation of any labor stimulating agent 

• Cervical examination to determine umbilical cord
prolapse, rapid cervical dilation, or descent of the
fetal head 

• Changing maternal position to left or right lateral
recumbent position, reducing compression of the
vena cava and improving uteroplacental blood flow 

• Monitoring maternal blood pressure level for evi-
dence of hypotension, especially in those with
regional anesthesia (if present, treatment with vol-
ume expansion or with ephedrine or both, or
phenylephrine may be warranted) 

• Assessment of patient for uterine tachysystole by
evaluating uterine contraction frequency and duration 

Supplemental maternal oxygen commonly is used in
cases of an indeterminate or abnormal pattern. There are
no data on the efficacy or safety of this therapy. Often,
the FHR patterns persist and do not respond to change in
position or oxygenation. In such cases, the use of
tocolytic agents has been suggested to stop uterine con-
tractions and perhaps avoid umbilical cord compression.
A meta-analysis reported the pooled results of three ran-
domized clinical trials that compared tocolytic therapy
(terbutaline, hexoprenaline, or magnesium sulfate) with
untreated controls in the management of a suspected
nonreassuring FHR tracing (45). Compared with no
treatment, tocolytic therapy more commonly improved
the FHR tracing. However, there were no differences in
rates of perinatal mortality, low 5-minute Apgar score, or
admission to the neonatal intensive care unit between the
groups (possibly because of the small sample size).
Thus, although tocolytic therapy appears to reduce the
number of FHR abnormalities, there is insufficient evi-
dence to recommend it. 

Tachysystole with associated FHR changes can be
successfully treated with β2-adrenergic drugs (hexopre-
naline or terbutaline). A retrospective study suggested that
98% of such cases respond to treatment with a β-agonist
(46). 
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When the FHR tracing includes recurrent variable
decelerations, amnioinfusion to relieve umbilical cord
compression may be considered (47). A meta-analysis of
12 randomized trials that allocated patients to no treat-
ment or transcervical amnioinfusion noted that place-
ment of fluid in the uterine cavity significantly reduced
the rate of decelerations (RR, 0.54; 95% CI, 0.43–0.68)
and cesarean delivery for suspected fetal distress (RR,
0.35; 95% CI, 0.24–0.52) (48). Because of the lower rate
of cesarean delivery, amnioinfusion also decreased the
likelihood that either the patient or the newborn will stay
in the hospital more than 3 days (48). Amnioinfusion can
be done by bolus or continuous infusion technique. A
randomized trial compared the two techniques of amnio-
infusion and concluded that both have a similar ability to
relieve recurrent variable decelerations (49). 

Another common cause of a Category II or Category
III FHR pattern is maternal hypotension secondary to
regional anesthesia. If maternal hypotension is identified
and suspected to be secondary to regional anesthesia,
treatment with volume expansion or intravenous ephe-
drine or both is warranted.

Summary of
Recommendations and
Conclusions
The following recommendations and conclusions
are based on good and consistent scientific evi-
dence (Level A):

The false-positive rate of EFM for predicting cere-
bral palsy is high, at greater than 99%. 

The use of EFM is associated with an increased 
rate of both vacuum and forceps operative vaginal
delivery, and cesarean delivery for abnormal FHR
patterns or acidosis or both.  

When the FHR tracing includes recurrent variable
decelerations, amnioinfusion to relieve umbilical cord
compression should be considered. 

Pulse oximetry has not been demonstrated to be a
clinically useful test in evaluating fetal status.

The following conclusions are based on limited or
inconsistent scientific evidence (Level B):

There is high interobserver and intraobserver vari-
ability in interpretation of FHR tracing.

Reinterpretation of the FHR tracing, especially if
the neonatal outcome is known, may not be reliable.

The use of EFM does not result in a reduction of
cerebral palsy.

The following recommendations are based on
expert opinion (Level C):

A three-tiered system for the categorization of FHR
patterns is recommended. 

The labor of women with high-risk conditions should
be monitored with continuous FHR monitoring.

The terms hyperstimulation and hypercontractility
should be abandoned.
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The MEDLINE database, the Cochrane Library, and
ACOG’s own internal resources and documents were used
to conduct a literature search to locate relevant articles pub-
lished between January 1985 and January 2009. The search
was restricted to articles published in the English language.
Priority was given to articles reporting results of original re-
search, although review articles and commentaries also
were consulted. Abstracts of research presented at symposia
and scientific conferences were not considered adequate for
inclusion in this document. Guidelines published by organi-
zations or institutions such as the National Institutes of
Health and the American College of Obstetricians and 
Gynecologists were reviewed, and additional studies were
located by reviewing bibliographies of identified articles.
When reliable research was not available, expert opinions
from obstetrician–gynecologists were used.

Studies were reviewed and evaluated for quality according
to the method outlined by the U.S. Preventive Services
Task Force:

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

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

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

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

III Opinions of respected authorities, based on clinical
experience, descriptive studies, or reports of expert
committees.

Based on the highest level of evidence found in the data,
recommendations are provided and graded according to the
following categories:

Level A—Recommendations are based on good and con-
sistent scientific evidence.

Level B—Recommendations are based on limited or incon-
sistent scientific evidence.

Level C—Recommendations are based primarily on con-
sensus and expert opinion.
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Umbilical Cord Blood Gas and 
Acid-Base Analysis

ABSTRACT: Umbilical cord blood gas and acid-base assessment are the
most objective determinations of the fetal metabolic condition at the moment
of birth. Moderate and severe newborn encephalopathy, respiratory compli-
cations, and composite complication scores increase with an umbilical 
arterial base deficit of 12–16 mmol/L. Moderate or severe newborn compli-
cations occur in 10% of neonates who have this level of acidemia and the
rate increases to 40% in neonates who have an umbilical arterial base deficit
greater than 16 mmol/L at birth. Immediately after the delivery of the neonate,
a segment of umbilical cord should be double-clamped, divided, and placed
on the delivery table. Physicians should attempt to obtain venous and arte-
rial cord blood samples in circumstances of cesarean delivery for fetal com-
promise, low 5-minute Apgar score, severe growth restriction, abnormal fetal
heart rate tracing, maternal thyroid disease, intrapartum fever, or multifetal
gestation.

Laboratory research demonstrates a complex relationship between fetal
(antepartum and intrapartum) asphyxia, newborn asphyxia, and possible
resulting brain damage. The degree, duration, and nature of the asphyxic
insult are modulated by the quality of the cardiovascular compensatory
response. A task force set up by the World Federation of Neurology Group
defined asphyxia as a condition of impaired blood gas exchange, leading, if
it persists, to progressive hypoxemia and hypercapnia (1). This is a precise
definition of asphyxia as it may affect the fetus and neonate. In the American
College of Obstetricians and Gynecologists’ Task Force on Neonatal
Encephalopathy and Cerebral Palsy report, asphyxia is defined as:

. . . [a] clinical situation of damaging acidemia, hypoxia, and metabolic acidosis.
This definition, although traditional, is not specific to cause. A more complete def-
inition of birth asphyxia includes a requirement for a recognizable sentinel event
capable of interrupting oxygen supply to the fetus or infant. This definition fails to
include conditions that are not readily recognized clinically, such as occult abrup-
tion, but is probably correct in a majority of cases. (2)

Asphyxia may occur in a transient fashion that, although of physiologic
interest, has no pathologic sequelae. Significant fetal exposure to asphyxia
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leads to tissue oxygen debt, accumulation of fixed
acids, and a metabolic acidosis. Thus, for intra-
partum fetal asphyxia the following addition is pro-
posed for this definition:

Fetal asphyxia is a condition of impaired blood gas
exchange leading to progressive hypoxemia and
hypercapnia with a significant metabolic acidosis.
The diagnosis of intrapartum fetal asphyxia requires
a blood gas and acid-base assessment. The important
question for the clinician is what is the threshold of
metabolic acidosis beyond which fetal morbidity or
mortality may occur? 

Low and associates have proposed a scoring
system for predicting the likelihood of neonatal
encephalopathy (3). They defined umbilical arterial
base deficits at birth as mild at 4–8 mmol/L, moder-
ate at 8–12 mmol/L, and severe at greater than 12
mmol/L. Newborn complications in the central ner-
vous system, respiratory system, cardiovascular sys-
tem, and kidney during the 5 days after delivery
were documented. Assessment of the central ner-
vous system included clinical evidence of newborn
encephalopathy defined as minor with irritability or
jitteriness, moderate with profound lethargy or
abnormal tone, and severe with coma or abnormal
tone and seizures. Cardiovascular complications
were classified as minor with bradycardia (100 beats
per minute or less) or tachycardia (170 beats per
minute or more), moderate with hypotension or
hypertension (defined by the 95% confidence limits
for blood pressure in term neonates), and severe with
abnormal electrocardiographic or echocardiographic
findings. Respiratory complications were classified
as minor if requiring supplementary oxygen, moder-
ate if requiring continuous positive airway pressure
or ventilation less than 24 hours, and severe if
requiring mechanical ventilation more than 24
hours. Abnormalities of renal function were classi-
fied as minor if hematuria was observed, moderate
with an elevation of serum creatinine level (greater
than 100 mmol/L)*, and severe with anuria or olig-
uria (less than 1 mL/kg/h). A scoring system
expressed the magnitude of the complications in each
neonate. The score for each complication was “1” for
minor, “2” for moderate, and “4” for severe. The
maximum complication score was “16”. Moderate
and severe newborn encephalopathy, respiratory
complications, and composite complication scores

were increased with an umbilical arterial base deficit
of 12–16 mmol/L. Moderate or severe newborn com-
plications occurred in 10% of neonates with this level
of acidemia, increasing to 40% in neonates with an
umbilical arterial base deficit greater than 16 mmol/L
at birth. Low and associates concluded that the
threshold of fetal metabolic acidosis at delivery asso-
ciated with moderate or severe newborn complica-
tions was an umbilical arterial base deficit of 12
mmol/L and that increasing levels of metabolic aci-
dosis were associated with a progression of the sever-
ity of newborn complications (3). At the mild base
deficit range, there is no association with abnormal
newborn outcome. A similar threshold for neonatal
neurologic complications has been reported by other
investigators (4, 5). Importantly, and in contrast to
moderate or severe levels of acidemia, term neonates
exposed to mild antepartum fetal asphyxia were not
at an increased risk of minor motor or cognitive
defects at the age of 4–8 years compared with con-
trols with no evidence of asphyxia (6).

Term Infants
The prevalence of fetal asphyxia, ranging from mild
to severe at delivery, in the term infant is reported at
25 per 1,000 live births; of these, 15% are either
moderate or severe (3.75 per 1,000) (7). Even at
these levels of acidemia, it must be appreciated that
most fetuses will not be injured, yielding a final
overall incidence of neonatal encephalopathy attrib-
utable to intrapartum hypoxia, in the absence of any
other preconception or antepartum abnormalities, of
approximately 1.6 per 10,000 (8, 9). Similar obser-
vations have been reported from Japan, where
among a series of 10,030 infants there were nine
cases of cerebral palsy at age 1 year or older diag-
nosed by pediatric neurologists. Analysis of these
cases reveals that preexisting asphyxia existed
before the initiation of fetal monitoring in six cases;
two of the cases involved cytomegalovirus infec-
tions and one case involved a maternal amniotic
fluid embolism (10). These investigators concluded
that in low-risk pregnancies, cerebral palsy caused
by intrapartum asphyxia was restricted to unavoid-
able intrapartum accidents. 

Preterm Infants
Low and colleagues reported that the prevalence of
asphyxia in preterm infants was 73 per 1,000 live

*In the United States, creatinine level is expressed in mg/dL. To
convert creatinine in mmol/L to mg/dL, the value should be
divided by 88.4. In this case, 100 mmol/L is 1.14. mg/dL.
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births (7). Of these, 50% were at the moderate to
severe level of asphyxia. The authors caution that it
remains to be determined how often the asphyxia
recognized at delivery may have been present before
the onset of labor. This point is particularly germane
in the preterm infant, inasmuch as medical or obstet-
ric complications or both often are the preceding
event necessitating the preterm delivery. Examples
include significant degrees of intrauterine growth
restriction, placental abruption, chorioamnionitis
with funisitis, and severe preeclampsia, each of
which has been shown to be a significant indepen-
dent risk factor for moderate or severe neonatal
encephalopathy (8, 9).

Acidemia and Cerebral Palsy
Both the International Cerebral Palsy Task Force and
the American College of Obstetricians and
Gynecologists’ Task Force on Neonatal Encepha-
lopathy and Cerebral Palsy have published criteria 
to define an acute intrapartum event as sufficient 
to cause cerebral palsy (2, 11). Among the essential
criteria cited by both task forces is evidence of meta-
bolic acidosis in fetal umbilical cord arterial blood
obtained at delivery (pH less than 7 and base deficit
greater than or equal to 12 mmol/L) (see box).
Additionally, the National Collaborating Center for
Women’s and Children’s Health, commissioned by
the National Institute for Clinical Excellence, has
recommended that umbilical artery pH be performed
after all cesarean deliveries for suspected fetal com-
promise, to allow review of fetal well-being and to
guide ongoing care of the infant (12).

Technique for Obtaining Cord Blood
Samples
Immediately after the delivery of the neonate, a seg-
ment of umbilical cord should be double-clamped,
divided, and placed on the delivery table pending
assignment of the 5-minute Apgar score. Values from
the umbilical cord artery provide the most accurate
information regarding fetal and newborn acid-base
status. A clamped segment of cord is stable for pH
and blood gas assessment for at least 60 minutes, and
a cord blood sample in a syringe flushed with heparin
is stable for up to 60 minutes (13, 14). If the 5-minute
Apgar score is satisfactory and the infant appears sta-
ble and vigorous, the segment of umbilical cord can
be discarded. If a serious abnormality that arose in

the delivery process or a problem with the neonate’s
condition or both persist at or beyond the first 5 min-
utes, blood can be drawn from the cord segment and
sent to the laboratory for blood gas analysis. Analysis
of paired arterial and venous specimens should pre-
vent debate over whether a true arterial specimen was
obtained. Therefore, the Committee on Obstetric
Practice recommends obtaining an arterial umbilical
cord blood sample, but, where possible, obtaining
both venous and arterial samples (paired specimen).
It is important to label the sample as either venous or
arterial. Similarly, in known high-risk circumstances,
such as severe growth restriction, an abnormal fetal
heart rate tracing, maternal thyroid disease, intra-
partum fever, or multifetal gestations, it is prudent to
obtain blood gas and acid-base assessments (2). It
should be noted that it occasionally may be difficult
to obtain an adequate cord arterial blood sample. If
the practitioner encounters difficulty in obtaining
arterial blood from the umbilical cord (ie, in a very
preterm infant), a sample obtained from an artery on
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Criteria to Define an Acute Intrapartum Hypoxic
Event as Sufficient to Cause Cerebral Palsy

Essential criteria (must meet all four):

1. Evidence of a metabolic acidosis in fetal umbilical
cord arterial blood obtained at delivery (pH <7 and
base deficit ≥12 mmol/L) 

2. Early onset of severe or moderate neonatal
encephalopathy in infants born at 34 or more
weeks of gestation 

3. Cerebral palsy of the spastic quadriplegic or dyski-
netic type*

4. Exclusion of other identifiable etiologies, such as
trauma, coagulation disorders, infectious condi-
tions, or genetic disorders

*Spastic quadriplegia and, less commonly, dyskinetic cerebral
palsy are the only types of cerebral palsy associated with acute
hypoxic intrapartum events. Spastic quadriplegia is not specific
to intrapartum hypoxia. Hemiparetic cerebral palsy, hemiplegic
cerebral palsy, spastic diplegia, and ataxia are unlikely to result
from acute intrapartum hypoxia (Nelson KB, Grether JK. Poten-
tially asphyxiating conditions and spastic cerebral palsy in
infants of normal birth weight. Am J Obstet Gynecol 1998;179:
507–13.).
Excerpted from American Academy of Pediatrics, American
College of Obstetricians and Gynecologists. Neonatal
encephalopathy and cerebral palsy: defining the pathogenesis
and pathophysiology. Elk Grove Village (IL): AAP; Washington,
DC: ACOG; 2003. Modified from MacLennan A. A template for
defining a causal relation between acute intrapartum events and
cerebral palsy: international consensus statement. BMJ
1999;319:1054–9.
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the chorionic surface of the placenta will provide
accurate results (15). These arteries are relatively
easy to identify because they cross over the veins.

Conclusion
Umbilical cord arterial blood acid-base and gas
assessment remains the most objective determina-
tion of the fetal metabolic condition at the moment
of birth. Thresholds have been established below
which it is unlikely that an intrapartum asphyxial
insult will have resulted in neurologic injury to the
infant. Additionally, most infants born with umbili-
cal arterial metabolic acidemia at a level consistent
with causing a neurologic injury will, in fact, devel-
op normally.

Physicians should attempt to obtain venous and
arterial cord blood samples in the following situa-
tions:

• Cesarean delivery for fetal compromise
• Low 5-minute Apgar score
• Severe growth restriction
• Abnormal fetal heart rate tracing
• Maternal thyroid disease
• Intrapartum fever
• Multifetal gestations

References
1. Bax M, Nelson KB. Birth asphyxia: a statement. World

Federation of Neurology Group. Dev Med Child Neurol
1993;35:1022–4.

2. American Academy of Pediatrics, American College of
Obstetricians and Gynecologists. Neonatal encephalopa-
thy and cerebral palsy: defining the pathogenesis and
pathophysiology. Elk Grove Village (IL): AAP;
Washington, DC: ACOG; 2003.

3. Low JA, Lindsay BG, Derrick EJ. Threshold of metabolic
acidosis associated with newborn complications. Am J
Obstet Gynecol 1997;177:1391–4.

4. Winkler CL, Hauth JC, Tucker JM, Owen J, Brumfield
CG. Neonatal complications at term as related to the
degree of umbilical artery acidemia. Am J Obstet Gynecol
1991;164:637–41.

5. Goldaber KG, Gilstrap LC, 3rd, Leveno KJ, Dax JS,
McIntire DD. Pathologic fetal acidemia. Obstet Gynecol
1991;78:1103–7.

6. Handley-Derry M, Low JA, Burke SO, Waurick M, Killen
H, Derrick EJ. Intrapartum fetal asphyxia and the occur-
rence of minor deficits in 4- to 8-year-old children. Dev
Med Child Neurol 1997;39:508–14.

7. Low JA. Determining the contribution of asphyxia to
brain damage in the neonate. J Obstet Gynaecol Res
2004;30:276–86.

8. Badawi N, Kurinczuk JJ, Keogh JM, Alessandri LM,
O’Sullivan F, Burton PR, et al. Antepartum risk factors for
newborn encephalopathy: the Western Australian case-
control study. BMJ 1998;317:1549–53.

9. Badawi N, Kurinczuk JJ, Keogh JM, Alessandri LM,
O’Sullivan F, Burton PR, et al. Intrapartum risk factors for
newborn encephalopathy: the Western Australian case-
control study. BMJ 1998;317:1554–8.

10. Sameshima H, Ikenoue T, Ikeda T, Kamitomo M, Ibara S.
Unselected low-risk pregnancies and the effect of contin-
uous intrapartum fetal heart rate monitoring on umbilical
blood gases and cerebral palsy. Am J Obstet Gynecol
2004;190:118–23.

11. MacLennan A. A template for defining a causal relation
between acute intrapartum events and cerebral palsy:
international consensus statement. BMJ 1999;319:
1054–9.

12. National Collaborating Centre for Women’s and Children’s
Health. Caesarean section. London (UK): RCOG Press;
2004.

13. Duerbeck NB, Chaffin DG, Seeds JW. A practical
approach to umbilical artery pH and blood gas determina-
tions. Obstet Gynecol 1992;79:959–62.

14. Strickland DM, Gilstrap LC 3rd, Hauth JC, Widmer K.
Umbilical cord pH and PCO2: effect of interval from
delivery to determination. Am J Obstet Gynecol 1984;
148:191–4.

15. Riley RJ, Johnson JW. Collecting and analyzing cord
blood gases. Clin Obstet Gynecol 1993;36:13–23.

FOR CLASSROOM USE ONLY



Understanding Fetal Acid-Base Evaluation 
 
Aerobic vs. Anaerobic Metabolism 
 
To understand acid-base evaluation in the fetus, it is helpful to have a brief review of 
fetal metabolism. In a healthy, well-oxygenated fetus, the primary mode of producing 
energy is via aerobic metabolism which is oxygen dependent.  

 
When oxygen isn’t available for this process, the fetus uses anaerobic metabolism, 
which depends upon glucose and conversion of glycogen stores. The energy produced 
by anaerobic metabolism is much less than that produced by aerobic metabolism and is 
used to cover basal metabolic needs. 

 



Respiratory vs. Metabolic Acidemia 
 
Remember, in normal aerobic metabolism, the end products are energy, CO2 & H2O. 
When uterine, placental & cord blood flow are all functioning properly, the by-products 
CO2 & H2O are efficiently cleared. If blood flow is decreased, CO2  may not be effectively 
removed and will accumulate, quickly turning into hydrogen & bicarbonate ions. The 
bicarbonate ions shift into the tissue. The accumulation of free hydrogen ions in the 
blood causes a decrease in pH. This results in a respiratory acidemia and is related to 
the accumulation of CO2. 
 
Should blood flow decrease resulting in significant hypoxia, the peripheral tissues will 
shift into anaerobic metabolism, utilizing glucose as well as any stored glycogen. Lactic 
acid is the by-product here and when the amount of lactic acid exceeds fetal buffering 
capacity, metabolic acidosis is the result. Should the hypoxia become severe enough 
(or prolonged enough), metabolic acidosis may occur not only in the peripheral tissues, 
but it may extend to the vital organs (brain, heart, adrenals) where blood flow was 
initially redistributed as a protective mechanism. Once metabolic acidosis reaches these 
vital organs, the fetus is at risk for organ damage. Because clinicians cannot directly 
measure metabolic acidosis (tissues), cord gases are evaluated for acidemia (blood) as 
the blood levels represent what is happening in the tissues. Most clinicians use the 
terms acidosis & acidemia interchangeably in clinical practice, but it is important to note 
that when reviewing the fetal response to ongoing hypoxemia, the progression is always 
hypoxemia >>> hypoxia >>> metabolic acidosis >>> metabolic acidemia.  
 
The severity of metabolic acidemia is evidenced by the base deficit (reported as a 
positive number, known as base excess when reported as a negative number). The 
greater the base deficit, the more the fetus has “used up”, or exceeded, its buffering 
capacity and therefore the more severe the metabolic acidemia. 
 
The following tables provide information on normal umbilical venous and arterial blood 
gases as well as respiratory vs. metabolic acidosis. 
 
 

Normal Cord Blood Gas Values: 

  VEIN  ARTERY  

pH  7.28 + 0.05 7.25 + 0.05 

p02  29 + 5.9 mmHg. 18 + 6.2 mmHg. 

pC02  38 + 5.6 mmHg. 49 + 8.4 mmHg. 

HCO3 20 + 2.1 22 + 2.5 

Base Excess  -4 + 2 mEq/Liter -4 + 2 mEq/Liter 

 
  Adapted from:  Yeomans ER, Hauth JC, Gilstrap LC III, Stickland DM. Umbilical cord pH, 
  PCO2, and bicarbonate following uncomplicated term vaginal deliveries. Am J Obstet Gynecol  
  1985;151:798–800. Normal values are considered to be those within + 2SDs. 



 

 

 

Respiratory vs. Metabolic Acidemia in Cord Gases 
 

  Respiratory Acidemia  Metabolic Acidemia 

pH  < 7.20 < 7.20 (significant is < 7.0) 

P02  >20 mmHg < 20 mmHg 

pC02  > 60 mmHg < 60 mmHg. 

HCO3  > 22 mEq/liter < 22 mEq/liter 

Base Excess  < -12 mEq/liter > -12mEq/liter 

 
 

Respiratory Acidemia  Metabolic Acidemia  Mixed Acidemia 

Low pH Low pH Low ph 

High pC02 Normal pC02 High pCO2 

Normal pO2 & HCO3 Low pO2 & HCO3 Low pO2 & HCO3 

Normal base excess Elevated base excess Elevated base excess 

 
 



Resources & Additional Reading  

Books  

Pocket Guide to Fetal Monitoring: A Multidisciplinary Approach (6th ed.) 
Tucker, S.M., Miller, L.A., Miller, D.A.; Mosby, St. Louis, 2009. 
 
Mistakes Were Made, But Not By Me 
Tavris, C; Aronson, E; Harcourt, Orlando; 2007. 
 
How Doctors Think 
Groopman, J; Houghton Mifflin, Boston; 2007. 
 
The Psychology of Judgment and Decision Making 
Plous, S; McGraw-Hill, St. Louis; 1993. 
 
How We Know What Isn’t So: The Fallibility of Human Reason in Everyday Life  
Gilovich, T; The Free Press, New York; 1991. 
 
 
Articles 
 
Clinical disagreements during labor and birth: how does real life compare to best practice? 
Simpson KR, Lyndon A. MCN Am J Matern Child Nurs. 34(1):31-9, 2009. 
 
Reducing obstetric litigation through alterations in practice patterns. 
Clark SL, Belfort MA, Dildy GA, Meyers JA. Obstet Gynecol. 112(6):1279-83, 2008. 
 
Signal ambiguity resulting in unexpected outcome with external fetal heart rate monitoring. 
Neilson DR Jr, Freeman RK, Mangan S. Am J Obstet Gynecol. 198(6):717-24, 2008.  
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education: a medical-legal perspective. 
Collins DE . J Perinat Neonatal Nurs. 22(2):125-32, 2008. 
 
Cognitive errors (can they be prevented?). 
Hurst JW. Am J Cardiol. 101(10):1513-7; 2008. 
 
Overconfidence as a cause of diagnostic error in medicine. 
Berner ES, Graber ML. Am J Med. 121(5 Suppl):S2-23; 2008. 
 
Elevated uterine activity increases the risk of fetal acidosis at birth. 
Bakker PC, Kurver PH, Kuik DJ, Van Geijn HP, Am J Obstet Gynecol. 2007 Apr;196(4):313.e1-6. 
 
A framework for standardized management of intrapartum fetal heart rate patterns. 
Parer JT, Ikeda T, Am J Obstet Gynecol. 2007 Jul;197(1):26.e1-6. 
 
Nurses’ views of factors that help and hinder their intrapartum care. 
Sleutel M, Schultz S, Wyble K. J Obstet Gynecol Neonatal Nurs 36:203-11, 2007. 
 
 



Eliminating birth trauma at Ascension Health.  
Mazza F, Kitchens J, Kerr S, Markovich A, Best M, Sparkman LP. Jt Comm J Qual Patient Saf 
33(1):15-24, 2007. 
 
Fetal acidemia and electronic fetal heart rate patterns: is there evidence of an association?  
Parer JT, King T, Flanders S, Fox M, Kilpatrick SJ.  J Matern Fetal Neonatal Med.  
19(5):289-94; 2006  
 
Supervision of students may protect academic physicians from cognitive bias: a 
study of decision making and multiple treatment alternatives in medicine. 
Roswarski TE, Murray MD. Med Decis Making. 26(2):154-61; 2006. 
 
System errors in intrapartum electronic fetal monitoring: a case review. 
Miller LA. J Midwifery Womens Health. 50(6):507-16; 2005.  
 
Patient safety and teamwork in perinatal care. 
Miller LA. J Perinat Neonatal Nurs 19(1):46-51, 2005.  
 
Joint Commission on Accreditation of Healthcare Organizations. Preventing infant death and 
injury during delivery.  Sentinel Event Alert 2004;30:1-3.  
 
The human factor: the critical importance of effective teamwork and communication in 
providing safe care. 
Leonard M, Graham S, Bonacrum D. Qual Saf Health 13 (suppl 1):i85-i90, 2004. 
 
Safety promotion and error reduction in perinatal care: Lessons from industry. 
Miller LA, J Perinat Neonatal Nurs 17(2):128-138, 2003. 
 
High Reliability Perinatal Units: An approach to the prevention of patient injury and medical 
malpractice claims.  
Knox G, Simpson K, Garite T. J Healthcare Risk Manag 19(2):24-32, 1999. 
 
Electronic fetal heart rate monitoring: research guidelines for interpretation.  
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