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In the most recent vear 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 (I). 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 1o 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).



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-
pists 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 [ FHR
tracings are strongly predictive of normal fetal acid—base
status at the time of observation. Category 1 FHR trac-
ings may be monitored in a routine manner, and no spe-
cific action is required.

Category II FHR tracings are indeterminate. Category
IT FHR tracings are not predictive of abnormal fetal
acid-hase status, yet presently there is not adequate evi-
dence to classify these as Category I or Category IIL
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 I tracings.

Category 11 FHR tracings are abnormal. Category 11
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 sitwation, efforts to expeditiously resolve the
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Table 1. Electronic Fetal Monitoring Definitions

Pattern

Definitlon

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.

+ Nomal FHR baseline: 110-160 beats per minute
» Tachycardia: FHR baseline is greater than 160 beats per minute
+ Bradycardia: FHR baseling s 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

» Avisually 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 durafion 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 retum 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 commanly
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 pattem

» Visually :ﬁfarent, 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 GO, Spong CY, Hauth |, 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 quidelines, Obstet Gynecol 2008;112:661-6.
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Three-Tiered Fetal Heart Rate Interpretation System
Category |
« Category | 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 Il

Category 1l FHR tracings includes all FHR tracings not
categorized as Category | or Category lIl. Category Il
tracings may represent an appredable fraction of those
encountered in dinical care. Examples of Category Il
FHR tradings include any of the following:

Baseline rate

. Bla_dr)t;qrdia 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 Il
Category Il 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 GO, Spong CY, Hauth J, Moore T The 2008
Naticnal Institutz of Child Health and Humnan Development workshop
report on eledtronic fetzl monitoring: update on definitions, interpreta-
tion, and research guidelines. Obstet Gynecol 2008;112:661-6.

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

B How efficacious is intrapartum electronic
Setal 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 (B):

* The use of EFM compared with intermittent auscul-
tation increased the overall cesarean delivery rate
(relative risk [RR], 1.66; 93% confidence interval
[CI], 1.30-2.13) and the cesarean delivery rate for
abnormal FHR or acidosis or both (RR, 2.37; 95%
CIL, 1.88-3.00).
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* The vse 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% CL. 0.59-1.23).

* The use of EFM reduced the risk of neonatal seizures
(RR., 0.50; 95% CL, 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 (.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 intermitient auscultation was successfully com-
pleted in only 3% of the cases (13). The most common
reasons for unsuccessful intermittent awscultation
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
FHE 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
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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).

P 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 ftracing,
especially if neonatal outcome is known, may not be
reliable.

P 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 issuves
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 pestational ape
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 (35-70%) deliveries than term
(20-30%) deliveries (20). If FHR abnormalities are per-
sistent, intravterine resuscitation, ancillary tests to
ensure fetal well-being, and possibly delivery should be
undertaken (21).



p  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 ftracings
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
meperiding (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 technigue.

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).

B 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 cutcomes, 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 varability (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 wvariability 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

Marcofics 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 sinuscidal FHR pattern, slight increased mean heart rate compared with meperidine B9

Cocaine Decreased long-term variability 10,1

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

Magnesium sulfate A significant decrease in short-term variability, dlinically 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 Mo difference in the FHR baseline, variability, number of accelerations, or decelerations 20

Abbreviation: FHR, fetal heart rate.
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P Are there ancillary tests that can aid in the
management af Category Il ar Categary 111
fetal heart rate tracings?

There are some ancillary tests available that help to
ensure fetal well-being in the face of a Category IT 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
Il studies of intraparium fetal stimulation noted that
four technigues 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 Il 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 larpe 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).

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

A Category I 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 ,-adrenergic drugs (hexopre-
naline or terbutaline). A retrospective study suggested that
98% of such cases respond to treatment with a f-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 technigue. A
randomized trial compared the two technigues of amnio-
infusion and concluded that both have a similar ability to
relieve recurrent variable decelerations (49).

Another common cause of a Category I or Category
I 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):

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

P 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.

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

P 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):

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

P Reinterpretation of the FHR tracing, especially if
the neonatal outcome is known, may not be reliable.
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P The use of EFM does not result in a reduction of
cerebral palsy.

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

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

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

P 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 cbstetrician—gynecologists were used.

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

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

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

1I-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.

11 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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