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PATIENT SAFETY SERIES

Electronic fetal heart rate monitoring:
applying principles of patient safety

David A. Miller, MD; Lisa A. Miller, CNM, JD
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More than 10 years ago, the Institute of
Medicine Committee on Quality of

Health Care in America identified standard-
ization as an essential element of effective pa-
tientsafetyinitiatives.1Agrowingbodyofsci-
entificevidencesuggeststhatstandardization
and elimination of unnecessary complexity
canyieldstatisticallysignificantreductions in
adverse outcomes and decrease malpractice
claims.2,3 Electronic fetal heart rate monitor-
ng(EFM)isonlyoneofmanyissuestocom-
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ete for the attention of busy obstetric care
roviders, yet it consumes a disproportion-
te amount of time and energy. As one of the
ost common procedures in obstetrics,

FM has the potential to influence the inci-
ence of preventable life-long brain damage
rdeath.Consequently, it isacommonfocus
or litigation and an obvious choice for stan-
ardization and process simplification.
Over the last decade, a number of pub-

ications have evaluated and summarized
he best available evidence regarding the
apabilities and limitations of the technol-
gy.4-12 Together, these publications pro-

vide consensus and make it possible to cre-
ate a multidisciplinary approach to EFM
that eliminates unnecessary complexity
and minimizes preventable error.

The primary goal of obstetric care is to
optimize outcomes for the mother and the
newborn infant. An important secondary
goal is to minimize medical and legal risks.
Both goals require clinicians to practice ac-
cording to the standard of care, which is de-
fined as care that is reasonable. Reason-
ableness requires factual accuracy and the
ability to articulate a rational plan. This ar-
ticle addresses factual accuracy by encour-
aging the systematic use of standardized
fetal heart rate (FHR) definitions and sim-
plified, evidence-based interpretation. In
addition, it provides a simple framework for
clinicians at all levels of experience to articu-

titute of Medicine identified major deficien-
hich fueled the rapid growth of the modern
risks to patient safety in obstetrics is poor
monitoring findings. Standardization and
of the cornerstones of improved patient
implified approach to the definition, inter-
eart rate monitoring that is evidence-based

ng, interpretation, management, patient
latearationalplanofmanagement.Asimpli-
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fied, standardized approach to EFM begins
by deconstructing it into 3 components: def-
inition, interpretation, and management.

Standardized definitions
In 1997, the National Institute of Child
HealthandHumanDevelopment(NICHD)
Research Planning Workshop proposed
standardized, unambiguous definitions for
FHR tracings that subsequently were en-
dorsed by the American College of Obstetri-
cians and Gynecologists (ACOG), the Asso-
ciation of Women’s Health, Obstetric and
Neonatal Nurses, and the American College
of Nurse Midwives.4,7-9 In 2008, a second

ICHD Research Planning Workshop reaf-
rmed the original definitions, which are
ummarizedinTable1,andintroducedstan-
ard nomenclature for normal and abnor-
aluterinecontractionfrequency.10Normal

ontraction frequency was defined as �5
ontractions in a 10-minute window, aver-
ged over 30 minutes. Contraction fre-
uency in excess of this threshold is termed
achysystole. Although the clinical response

ay differ, these definitions apply to both
pontaneous and stimulated contractions.
he terms hyperstimulation and hypercon-

ractility are defined inconsistently in the
iterature. Therefore, the consensus report
ecommended that the terms be aban-
oned. In the management model given in
his article, uterine activity is evaluated and

anaged in relation to FHR changes as
art of clinical assessment of the oxygen
athway. The NICHD Workshop also rec-
mmended classifying FHR tracings as cate-
ory I, II, or III according to the criteria that
re summarized in Table 2. Defining FHR
atterns accurately and consistently with
tandardized nomenclature helps to ensure
actual accuracy, an essential element of rea-
onableness, and the standard of care.

Standardized interpretation
Intrapartum EFM is intended to assess the
adequacy of fetal oxygenation during labor.
Fetaloxygenationinvolves the transferofox-
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thefetalphysiologicresponseifoxygentrans-
fer is interrupted. Intrapartum FHR inter-
pretation can be distilled into 3 basic
principles.

Principle 1
Oxygen is carried 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. Interruption of the ox-
ygen pathway at one or more points can
result in an FHR deceleration. For exam-

TABLE 1
Standardized FHR definitions

Pattern Definition

Baseline The mean FHR ro
decelerations and
The baseline mus
for that segment

...................................................................................................................

Tachycardia Baseline FHR �1
...................................................................................................................

Bradycardia Baseline FHR �1
...................................................................................................................

Baseline variability Fluctuations in th
to the trough of t

Absent – amp
Minimal – am
Moderate – a
Marked – am

No distinction is
the electrocardio

...................................................................................................................

Acceleration A visually appare
At 32 weeks of g
duration of at lea
Before 32 weeks
least 10 sec but
Prolonged accele
If an acceleration

...................................................................................................................

Early deceleration In association wi
return to baseline
In general, the na

...................................................................................................................

Late deceleration In association wi
return to baseline
In general, the on
contraction, resp

...................................................................................................................

Variable deceleration An abrupt (onset
The decrease in

...................................................................................................................

Prolonged deceleration Visually apparent
from onset to ret

...................................................................................................................

Periodic deceleration Accompanies a u
...................................................................................................................

Episodic deceleration Does not accomp
...................................................................................................................

Sinusoidal pattern Visually apparent
which persists fo

...................................................................................................................

FHR, fetal heart rate.
Adapted from Macones et al.10
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ple, interruption of the oxygen pathway by
compression of the umbilical cord can re-
sult in a variable deceleration.11,13 A late
deceleration can result from reduced pla-
cental perfusion during a uterine contrac-
tion.14 Interruption at any point along
the pathway can result in a prolonged
deceleration. Although variable, late,
and prolonged decelerations have
slightly different physiologic mecha-
nisms, they all share a common initiat-
ing event: interruption of the oxygen
pathway at one or more points.

The first principle of standardized in-

ed to increments of 5 beats/min during a 10 m
riods of marked FHR variability
e for a minimum of 2 min (not necessarily contig
efined as “indeterminate”
.........................................................................................................................

beats per min
.........................................................................................................................

beats per min
.........................................................................................................................

HR baseline that are irregular in amplitude and f
HR fluctuations and is quantitated in beats/min
de range undetectable
ude range detectable but �5 beats/min
itude range, 6–25 beats/min
de range, �25 beats per min
e between short term variability (or beat-to-bea
) and long-term variability because in actual pr

.........................................................................................................................

brupt increase (onset to peak �30 sec) in the F
tion and beyond, an acceleration has a peak at
5 sec but �2 min
gestation, an acceleration has peak at least 10 b
min

on lasts �2 min but �10 min
ts �10 min, it is a baseline change
.........................................................................................................................

uterine contraction, a visually apparent, gradua

of the deceleration occurs at the same time as
.........................................................................................................................

uterine contraction, a visually apparent, gradua

, nadir, and recovery of the deceleration occur a
vely
.........................................................................................................................

adir �30 sec), visually apparent decrease in th
is at least 15 beats/min and lasts at least 15 se

.........................................................................................................................

crease in the FHR at least 15 beats/min below th
to baseline
.........................................................................................................................

ne contraction
.........................................................................................................................

a uterine contraction
.........................................................................................................................

ooth, sine wave-like undulating pattern in FHR
20 min
.........................................................................................................................

ecol 2012.
trapartum FHR interpretation is that all
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clinically significant decelerations (vari-
able, late, or prolonged) reflect interrup-
tion of the pathway of oxygen transfer
from the environment to the fetus at one
or more points (Figure 1).

Principle 2
Interruption of fetal oxygenation has
the potential to result in hypoxic neu-
rologic injury. Just as the oxygen path-
way from the environment to the fetus
includes a series of sequential ana-
tomic steps, the pathway from normal

egment, excluding accelerations,

us) in any 10-min segment, or the baseline

..................................................................................................................

..................................................................................................................

..................................................................................................................

uency. Variability is measured from the peak
riability is classified as follows:

riability or R-R wave period differences in
ice they are visually determined as a unit
..................................................................................................................

from the baseline
st 15 beats/min above baseline and a

s/min above baseline and a duration of at

..................................................................................................................

set to nadir �30 sec) decrease in FHR with

peak of the contraction
..................................................................................................................

set to nadir �30 sec) decrease in FHR with

the beginning, peak, and end of the

..................................................................................................................

R below the baseline
ut �2 min
..................................................................................................................

aseline lasting at least 2 min but �10 min

..................................................................................................................

..................................................................................................................

..................................................................................................................

eline with a cycle frequency of 3-5 per min

..................................................................................................................
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injury includes a series of sequential
physiologic steps. The first step, hypox-
emia, is defined as decreased oxygen
content in the blood. Hypoxemia can
lead to reduced oxygen content in the
tissues, which is termed hypoxia. Tis-
sue hypoxia can trigger anaerobic me-
tabolism, lactic acid production, and
metabolic acidosis in the tissues. Even-
tually, the blood pH can fall, which
causes metabolic acidemia. In 2008,
the NICHD Research Planning Work-
shop identified 2 FHR characteristics
that reliably predict the absence of fetal
metabolic acidemia.10

The second principle of intrapartum
FHR interpretation is that moderate vari-
ability and/or accelerations reliably predict
the absence of fetal metabolic acidemia at
the time they are observed (Figure 1).

Principle 3
In 1999 and 2003, the International Cerebral
Palsy Task Force, ACOG, and the American
Academy of Pediatrics published consensus
statements that identified specific criteria
that must be met before acute intrapartum
oxygen deprivation can be considered a pos-
sible cause of neurologic injury.5,6 Both con-

art

l 2012.
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sensus statements, which were supported by
�20 international organizations, con-
cluded that significant fetal metabolic
acidemia (umbilical artery pH �7.0;
base deficit, �12 mmol/L; Figure 1) is an
ssential precondition to acute intrapar-
um hypoxic neurologic injury in the
orm of cerebral palsy.

The third principle of intrapartum
HR interpretation is that acute intra-
artum interruption of fetal oxygen-
tion does not result in neurologic injury
cerebral palsy) in the absence of signif-
cant fetal metabolic acidemia (Figure 1).

A simplified, standardized
approach to management
As illustrated in Figure 1, intrapartum FHR
interpretation can be distilled into 3 evi-
dence-based principles that form the foun-
dation for a simplified, standardized ap-
proach to FHR management. The manage-
ment algorithm described in this article was
published in 2009 and updated in February
2010 to include the NICHD FHR catego-
ries.15,16 It incorporates the definitions and

rinciples of interpretation discussed earlier
ut does not include adjunctive tests of fetal
tatus that are currently unavailable for gen-
ral clinical use in the United States, such as
etal scalp blood sampling, fetal pulse oxim-
try or fetal ST-segment analysis. The man-
gement recommendations are consistent
ith those proposed by ACOG in Novem-
er 2010.11

Confirm FHR and uterine activity
The goal of standardized EFM manage-
ment is to identify and minimize poten-
tial sources of preventable error. Reliable
information is essential, so the first step
is to confirm that the monitor is record-
ing the FHR and uterine activity ade-
quately to permit informed manage-
ment decisions (Figure 2). If external
monitoring does not provide adequate
information, placement of a fetal scalp
electrode and/or intrauterine pressure
catheter should be considered.

Evaluate 5 FHR components
Thorough evaluation of a fetal monitor
tracing includes the assessment of uter-
ine contractions along with 5 FHR com-
ponents: baseline rate, variability, accel-
FIGURE 1
Three principles of electronic fetal he
rate monitoring (EFM) interpretation

FHR, fetal heart rate.
Courtesy of David A. Miller, MD.

Miller. Electronic fetal heart rate monitoring. Am J Obstet Gyneco
TABLE 2
Three-tier FHR classification
system

Category I
........................................................................................................

FHR tracings include 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 II
........................................................................................................

Includes all FHR tracings not included in
Category I or Category III
........................................................................................................

Category III
........................................................................................................

FHR tracings include
........................................................................................................

Absent baseline FHR variability plus
...............................................................................................

Recurrent late decelerations
...............................................................................................

Recurrent variable decelerations
...............................................................................................

Bradycardia
........................................................................................................

Sinusoidal pattern
...........................................................................................................

bpm, beats per minute; FHR, fetal heart rate.
Adapted from Macones et al.10
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trends over time. If a tracing meets the
criteria for inclusion in category I, it is
considered normal. 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 during the second
stage.11,17,18 Inhigh-riskpatients, thecorre-
ponding frequency of review is at least every
5minutesduringtheactivephaseofthefirst
tage and at least every 5 minutes during the
econd stage. As recommended by ACOG
ndtheAssociationofWomen’sHealth,Ob-
tetric and Neonatal Nurses, documentation
hould occur periodically.11,18 The content
nd frequency of documentation should be
etermined by the clinical scenario and ap-
licable institutional policies.
If an FHR tracing does not meet the

riteria for classification in category I, a
ystematic “ABCD” approach can help
o ensure that important considerations
re not overlooked and that decisions are
ade in a timely manner (Table 3).

: assess the oxygen pathway and
onsider other causes of FHR changes
f an FHR tracing moves beyond category I,
he oxygen pathway should be assessed sys-
ematically(Table3).Inaddition,factorsthat
an affect the FHR tracing by mechanisms
ther than interruption of oxygenation
hould be identified and addressed as clini-
ally indicated (Table 4).

: begin corrective measures
s indicated
nterruption of the oxygen pathway
hould be addressed with appropriate
onservative corrective measures.12,15-19

Table 3 summarizes common measures
to consider at each level. Addressing these
standard conservative measures in an or-
derly fashion minimizes reliance on ran-
dom recall and helps to ensure that impor-
tant considerations are not overlooked.

After beginning conservative corrective
measures, the FHR tracing should be reeval-
uated within a reasonable timeframe. If the
tracing returns to category I, surveillance can
be resumed. If the tracing progresses to cate-
gory III despite corrective measures, expe-
diteddeliveryshouldbeconsidered.Tracings
that remain in category II require additional

evaluation. If there is moderate variability
and/or accelerations without significant de-
celerations, continued surveillance is ap-
propriate (Figure 2). However, some cate-
gory II tracings are more difficult to
interpret, and the clinical team might not
always agree on the level of risk. One exam-
ple is a category II tracing with a normal
baseline rate, minimal variability, and no
accelerations but no decelerations. Some
clinicians might be concerned by the lack
of moderate variability or accelerations;
other clinicians might be comforted by the
absence of decelerations. Fortunately, a
standardized approach to management
can minimize the controversy that is gen-
erated by confusing category II tracings. If
any member of the health care team has
any question about the presence of mod-
erate variability, the presence of accelera-
tions or the significance of any observed
decelerations, the safest and easiest ap-
proach is to proceed to the next step.

C: clear obstacles to rapid delivery
If conservative measures do not correct the
FHR tracing, it is prudent to plan ahead for
thepossibleneedforrapiddelivery.Thisdoes

FIGURE 2
A standardized “ABCD” approach t
heart rate monitoring (EFM) manag

FHR, fetal heart rate.
Courtesy of David A. Miller, MD.
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not constitute a commitment to a particular
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timeormethodofdelivery.Itsimplyservesas
a reminder of common sources of unneces-
sary delay so that they can be addressed in a
timely manner. Because many of the consid-
erations that are summarized in Table 2 are
viewed by clinicians as “common sense,”
they usually do not receive the serious, sys-
tematic attention that they deserve. Instead,
they are left to the vagaries of random recall
andfrequentlyareoverlooked,whichjeopar-
dizes patient safety and invites criticism. One
way to minimize the error that is inherent in
random recall is to use a simple checklist that
organizes potential sources of unnecessary
delay into major categories. From largest to
smallest, these include the facility, staff,
mother, fetus, and labor. Table 2 identifies
some examples of potential sources of un-
necessary delay at each level.

D: decision-to-delivery time
After appropriate conservative measures
have been implemented, it is sensible to
take a moment to estimate the time that
will be needed to accomplish delivery in
the event of a sudden emergency. This
step should be addressed by the clinician

lectronic fetal
ent

l 2012.
o e
em

neco
who ultimately is responsible for per-
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forming operative delivery should it be-
come necessary. The time between deci-
sion and delivery can be estimated
systematically by considering individual
characteristics of the facility, staff, mother,
fetus, and labor (Table 2).

Delivery
Management steps A, B, C, and D are rel-
atively uncontroversial, readily amena-
ble to standardization, and represent the
overwhelming majority of decisions that
must be made during labor. These steps
do not replace clinical judgment. On the
contrary, they encourage the systematic,

TABLE 3
A simplified “ABCD” checklist

Step

“A”
Assess oxygen
pathway

Lungs Respiratory rate
Airway and breathing

...................................................................................................................

Heart Heart rate and
rhythm

...................................................................................................................

Vasculature Blood pressure
Volume status

...................................................................................................................

Uterus Contraction strength
Contraction
frequency
Baseline uterine tone
Exclude uterine
rupture

...................................................................................................................

Placenta Placental separation
Bleeding vasa previa

...................................................................................................................

Cord Vaginal exam
Exclude cord
prolapse

...................................................................................................................

OR, operating room; SLE, systemic lupus erythematosis; UC,

Miller. Electronic fetal heart rate monitoring. Am J Obstet
timely application of clinical judgment.
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Once steps A, B, C, and D have been
completed, the clinician must decide
whether to await spontaneous vaginal de-
livery or to expedite delivery by other
means. This decision balances the esti-
mated time until vaginal delivery against
the estimated time until the onset of met-
abolic acidemia and potential injury. The
former estimate is guided by usual obstet-
ric considerations. The latter is guided by
limited data that suggest that metabolic
acidemia usually does not appear suddenly
but can evolve gradually over a period of
approximately 60 minutes.20 This general

in corrective
sures if indicated Variable

“C”
Clear o
rapid d

plemental oxygen Facility Conside
OR ava
Equipm

.........................................................................................................................

tion changes
bolus

ect hypotension

Staff Conside
Obstetr
Surgica
Anesthe
Neonato
Pediatri
Nursing

.........................................................................................................................

Mother Conside
Informe
Anesthe
Laborat
Blood p
Intraven
Urinary
Abdomi
Transfe

.........................................................................................................................

or reduce
ulant
sider uterine
xant

Fetus Conside
Fetal nu
Gestatio
Estimat
Position
Present
Anomal

.........................................................................................................................

Labor Confirm
Adequa

.........................................................................................................................

sider amnioinfusion

.........................................................................................................................

e contraction.

ecol 2012.
statement applies only to normal FHR t
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tracings that subsequently develop mini-
mal-absent variability and recurrent decel-
erations with no acute events.20 The inher-
nt imprecision of these estimates can
ake the decision difficult. One of the
ost common preventable errors at this

oint is to postpone a clinically necessary,
ut difficult, decision in the hope of spon-
aneous resolution. Despite the difficulty, a
ecision must be made with the use of the
est available information. If a decision is
ade to expedite delivery, the rationale

hould be documented, and the plan im-
lemented. If a decision is made to wait,

acles to
ery

“D”
Determine decision
to delivery time

lity
Consider
Facility response time
Location and availability
of OR

..................................................................................................................

otifying:

sistant
logist
ist

ff

Consider:
Availability
Training
Experience

..................................................................................................................

onsent
options
tests
ucts

access
heter
prep
OR

Surgical considerations
(prior abdominal or
uterine surgery)
Medical considerations
(obesity, hypertension,
diabetes, SLE)
Obstetric considerations
(parity, pelvimetry,
placental location)

..................................................................................................................

er
age
eight

n

Consider factors such as:
Estimated fetal weight
Gestational age
Presentation
Position

..................................................................................................................

C monitoring
Consider factors such as:
Arrest disorder
Protracted labor
Remote from delivery
Poor expulsive efforts

..................................................................................................................

..................................................................................................................
“B”
Beg
mea

bst
eliv

Sup r:
ilabi
ent

......... .........

Posi
Fluid
Corr

r n
ician
l as
sio
log

cian
sta

......... .........

r:
d c
sia
ory
rod
ous
cat
nal
r to

......... .........

Stop
stim
Con
rela

r:
mb
nal

ed w

atio
ies

......... .........

:
te U

......... .........

Con

......... .........

uterin
he rationale and plan should be docu-
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mented and the decision should be revis-
ited after a reasonable period of time. It is
important to recognize that “deciding to
wait” is distinctly different from “waiting
to decide.” The former reflects clinical judg-
ment; the latter suggests procrastination.

Comment
The greatest strength of intrapartum EFM
is its ability to predict the absence of meta-
bolic acidemia and hypoxic neurologic in-
jury with an extremely high degree of reli-
ability. Its greatest weakness is its inability
to predict the presence of these conditions
with any clinically relevant accuracy. The
false-positive rate of EFM for the predic-
tion of cerebral palsy has been reported to
exceed 99%, which yields a positive predic-
tive value �1%.11 Potential explanations
or this imprecision include the relative
arity of intrapartum hypoxic neurologic
njury and the mitigating interventions
hat frequently are triggered by FHR “ab-
ormalities.” Although these explanations
ight be accurate, they do not alter the fact

hat the positive predictive value of EFM,
s it is used in actual clinical practice, is es-
entially nil. Reasonable management de-
isions cannot be based on the results of a
est that it is virtually always wrong. On the
ther hand, the negative predictive value of
FM is near 100%. A test that is virtually
lways right is the ideal foundation for ra-
ional decision-making. The interpreta-
ion and management method that is de-
cribed in this article uses the exceptional
egative predictive value of EFM to for-
ulate a structured, systematic, nonran-

om approach to intrapartum care. Stan-
ardization of FHR definitions and
implification of interpretation and man-
gement promote safety by reducing un-
ecessary complexity. This structured ap-
roach is consistent with the concept of
reating a shared mental model within and
etween disciplines and is tantamount to
he use of team checklists that are seen with
ther obstetric procedures. Standardiza-
ion and checklists have been shown to im-
rove outcomes and reduce liability.21 In
onclusion, this model provides a frame-
ork for clinicians of all educational back-
rounds to apply and articulate a plan of
anagement that is both reasonable and

actually accurate, which meets the 2 essen-

ial elements of the standard of care. f
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