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Burden of Suffering

Intrapartum fetal asphyxia is an important cause of stillbirth and neonatal
death. In the U.S. in 1993, an estimated 700 infant deaths (17.3/100,000
live births) were attributed to intrauterine hypoxia and birth asphyxia.1

Some neonates with intrauterine hypoxia require resuscitation and other
aggressive medical interventions for such complications as acidosis and
seizures. Asphyxia has also been implicated as a cause of cerebral palsy, al-
though most cases of cerebral palsy occur in persons without evidence of
birth asphyxia or other intrapartum events.2–5 Most fetuses tolerate in-
trauterine hypoxia during labor and are delivered without complications,
but assessments suggesting fetal distress are associated with an increased
likelihood of cesarean delivery (63% compared to 23% for all births).6

The exact incidence of fetal distress is uncertain; a rate of 42.9/1,000 live
births was reported from 1991 U.S. birth certificate data, with the highest
rates in infants born to mothers under age 20 or over age 40, and in
blacks.7

Accuracy of the Screening Test

The principal screening technique for fetal distress and hypoxia during
labor is the measurement of fetal heart rate. Abnormal decelerations in
fetal heart rate and decreased beat-to-beat variability during uterine con-
tractions are considered to be suggestive of fetal distress. The detection of
these patterns during monitoring by auscultation or during electronic
monitoring (cardiotocography) increases the likelihood that the fetus is in
distress, but the patterns are not diagnostic. In addition, normal or equiv-
ocal heart rate patterns do not exclude the diagnosis of fetal distress.5 Pre-
cise information on the frequency of false-negative and false-positive
results is lacking, however, due in large part to the absence of an accepted

RECOMMENDATION

Routine electronic fetal monitoring for low-risk women in labor is not rec-
ommended. There is insufficient evidence to recommend for or against
intrapartum electronic fetal monitoring for high-risk pregnant women
(see Clinical Intervention).
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definition of fetal distress.8,9 For many years, acidosis and hypoxemia as de-
termined by fetal scalp blood pH were used for this purpose in research
and clinical practice, but it is now clear that neither finding is diagnostic
of fetal distress.5,10–12

Electronic fetal heart rate monitoring can detect at least some cases of
fetal distress, and it is often used for routine monitoring of women in
labor. In 1991, the reported rate of electronic fetal monitoring in the U.S.
was 755/1,000 live births.7 The published performance characteristics of
this technology, derived largely from research at major academic centers,
may overestimate the accuracy that can be expected when this test is per-
formed for routine screening in typical community settings. Two factors in
particular that may limit the accuracy and reliability achievable in actual
practice are the method used to measure fetal heart activity and the vari-
ability associated with cardiotocogram interpretations.

The measurement of fetal heart activity is performed most accurately
by attaching an electrode directly to the fetal scalp, an invasive procedure
requiring amniotomy and associated with occasional complications. This
has been the technique used in most clinical trials of electronic fetal mon-
itoring. Other noninvasive techniques of monitoring fetal heart rate,
which include external Doppler ultrasound and periodic auscultation of
heart sounds by clinicians, are more appropriate for widespread screening
but provide less precise data than the direct electrocardiogram using a
fetal scalp electrode. In studies comparing external ultrasound with the di-
rect electrocardiogram, about 20–25% of tracings differed by at least 5
beats per minute.13,14

A second factor influencing the reliability of widespread fetal heart rate
monitoring is inconsistency in interpreting results. Several studies have
documented significant intra- and interobserver variation in assessing car-
diotocograms even when tracings are read by experts in electronic fetal
monitoring.15–17 It would be expected that routine performance of elec-
tronic monitoring in the community setting with interpretations by less ex-
perienced clinicians would generate a higher proportion of inaccurate
results and potentially unnecessary interventions than has been observed
in the published work of major research centers.

Effectiveness of Early Detection

A potentially more important issue is whether electronic evidence of fetal
distress during labor results in benefit to either the fetus or mother. Ob-
servational studies in the 1960s and 1970s suggested that electronic fetal
monitoring during labor reduced the risk of intrapartum stillbirth, neona-
tal death, and developmental disability, but methodologic problems in
these largely retrospective studies left the issue unsettled.4,8 Ten random-
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ized controlled trials and four meta-analyses of electronic fetal monitoring
have since been published, all of which compared electronic monitoring,
with or without fetal scalp blood sampling, to active clinical monitoring in-
cluding intermittent auscultation by trained personnel. Three trials in low-
risk women,18–20 the largest of which involved nearly 13,000 patients,18

compared continuous electronic monitoring to intermittent auscultation;
where described, auscultation was performed at least every 15 minutes dur-
ing the first stage of labor18,20 and between each contraction during the
second stage.20 Two trials included scalp blood sampling.19,20 These trials
found no significant differences between the study groups in intrapartum
or perinatal deaths, maternal or neonatal morbidity, Apgar scores, umbil-
ical cord blood gases, the need for assisted ventilation, or admission to the
special care nursery. The results of one of these trials19 may have been bi-
ased by the method of randomization, however, which resulted in a large
disparity in the distribution of primigravidae between the study groups.
Similarly, no differences in clinical outcomes were reported in a subgroup
analysis of low-risk women enrolled in a prospective study of nearly 35,000
pregnancies in which routine monitoring was compared with selective
monitoring of high-risk pregnancies.21,22 A controlled trial23 that assigned
intervention by week of admission also reported no effect of electronic
fetal monitoring on low Apgar scores, admissions to special care nurseries,
or neonatal infection. A trial from Greece carried out in predominantly
low-risk pregnant women found no differences in most neonatal outcome
measures, but reported a significant reduction in perinatal mortality rates
(2.6 compared to 13/1,000 total births).24 This study may not be general-
izable to the U.S., however, given higher perinatal mortality and substan-
tially lower cesarean delivery rates (<10%) than are typical in the U.S. In
addition, the method of randomization and the large disparity in numbers
between study and control group (746 vs. 682 women) raise the possibil-
ity of biased randomization.

The potential benefits of electronic fetal monitoring during labor have
also been examined in high-risk pregnancies. Four clinical trials in devel-
oped countries found that electronic fetal heart rate monitoring in high-
risk pregnancies, with or without scalp blood sampling, was of limited
benefit when compared with intermittent auscultation during labor.25–28

Neonatal death, Apgar scores, cord blood gases, and neonatal nursery
morbidity were unchanged in three of the trials,26–28 all of which per-
formed intermittent auscultation systematically in control women: every 15
minutes in the first stage of labor and every 5 minutes in the second stage.
The fourth trial found that continuous monitoring was associated with im-
proved umbilical cord blood gases and neurologic symptoms and signs,
and decreased need for intensive care.25 This study has been criticized,
however, because monitoring techniques in the control group were poorly
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described and one physician withdrew his patients from the control group
after the trial began.8,29 Results from a fifth trial in high-risk pregnant
women in Zimbabwe are unlikely to be applicable to obstetric care in the
U.S.30

Meta-analyses31–33 that included all but the two most recently pub-
lished randomized controlled trials24,30 cited above reported no effect of
electronic fetal monitoring on low Apgar scores, admissions to special care
nurseries, or neonatal infection. With electronic fetal monitoring com-
bined with scalp blood sampling, the relative risk of intrapartum death was
0.81 (95% confidence interval, 0.22 to 2.98) and of perinatal death was
0.98 (95% confidence interval, 0.58 to 1.64) when compared to intermit-
tent auscultation. Relative risk of perinatal mortality when electronic fetal
monitoring without blood sampling was used was 1.94 (95% confidence in-
terval, 0.2 to 18.62). A meta-analysis of all trials from developed countries
also reported no significant effect on overall perinatal mortality (typical
odds ratio 0.87; 95% confidence interval, 0.57 to 1.33).33a The confidence
intervals around these point estimates of the risk of perinatal death are
wide, indicating that sample size is insufficient to exclude the possibility of
clinically important increases or declines in mortality. One meta-analysis
reported a significant reduction in perinatal mortality due to fetal hypoxia,
but the method for attributing deaths to hypoxia was not standardized.33a

The results appeared to be strongly influenced by the inclusion of one trial
with questionable randomization methods and generalizability to the U.S.
(see above);24 a sensitivity analysis to examine the effect of excluding this
trial from the meta-analysis was not reported.

Although most outcome measures in these studies were not influenced
by electronic fetal monitoring, there is evidence that it reduces the inci-
dence of neonatal seizures. This was suggested in early research25,34 and
confirmed in the Dublin trial of low-risk women.20 This study reported a
statistically significant reduction in the rate of neonatal seizures when con-
tinuous intrapartum fetal monitoring was compared with intermittent aus-
cultation. Secondary analysis suggested that the reduced risk was limited to
labors that were prolonged or induced or augmented with oxytocin. In a
meta-analysis of the controlled trials that included scalp blood sampling as
an adjunct, the odds of neonatal seizures were reduced by about one half
with electronic monitoring.31 A separate meta-analysis found no effect of
electronic monitoring on neonatal seizures when no scalp blood sampling
was performed,32 raising the possibility that the benefit may have been due
to the blood sampling rather than the electronic monitoring. What also re-
mains unclear is the extent to which infants benefit from the prevention
of neonatal seizures by monitoring. Seizures have been viewed by many as
a poor prognostic indicator; in the Dublin trial, death occurred in 23% of
the babies who experienced seizures, and autopsy confirmed that at least
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two thirds of these deaths were due to asphyxia during labor.20 There are
few prospective data on whether the prevention of neonatal seizures re-
duces the risk of neonatal death or long-term neurologic sequelae. The
neonatal seizures prevented by electronic monitoring may not be those as-
sociated with long-term impairment.20,31 At 4-year follow-up of survivors
after seizures in the Dublin trial, the total number and rate with cerebral
palsy (n = 3 and 0.5/1,000 enrolled subjects) were identical in the moni-
tored and control groups.35

None of the three trials reporting longer term follow-up found that
electronic fetal monitoring improved neurologic or developmental out-
comes. A follow-up study of the growth and development at 9 months of
age of infants involved in the second Denver trial27 failed to show any long-
term benefits of electronic fetal monitoring; the direction of the effect on
mental and psychomotor development scores suggested increased risk in
the monitored group.36 In the Dublin trial,20 the overall rates of cerebral
palsy at 4-year follow-up were 1.8/1,000 in the electronically monitored
group and 1.5/1,000 in the auscultation group.35 Eighteen-month follow-
up in a trial in high-risk women28 revealed little difference in mean men-
tal or psychomotor development scores on the Bayley Scales, but cerebral
palsy and low mental development scores were both significantly more
common in the electronically monitored group.37 Cerebral palsy was asso-
ciated with an increased duration of abnormal fetal heart rate patterns and
time to delivery after diagnosis of such patterns in the electronically mon-
itored group. Meta-analyses combining these three studies confirm little
benefit from monitoring on adverse neurologic outcomes.31,32

Any potential benefit of intrapartum monitoring must be weighed
against the potential risks associated both with diagnostic procedures and
operative interventions for fetal distress. The insertion of fetal scalp elec-
trodes, for example, is generally a safe procedure, but it may occasionally
cause umbilical cord prolapse or infection due to early amniotomy; elec-
trode or pressure catheter trauma to the eye, fetal vessels, umbilical cord,
or placenta; and scalp infections with Herpes hominis type 2 or group B
streptococcus.10 Concerns have also been raised about the potential for
enhancing transmission of human immunodeficiency virus (HIV) infec-
tion by the use of scalp electrodes.38 Meta-analysis of randomized con-
trolled trials indicates no increased risk of neonatal infection from
electronic fetal monitoring compared to intermittent auscultation.33 Per-
haps the most important complication of intrapartum electronic fetal
monitoring is the increased performance of cesarean delivery, an opera-
tion associated with maternal and neonatal morbidity and a small but mea-
surable operative mortality.39,40 Fetal distress is a common indication for
cesarean delivery, and all trials showed a higher cesarean delivery rate in
the electronically monitored group. The randomized controlled trials
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from the 1970s reported that cesarean delivery was performed significantly
more frequently in association with electronic fetal monitoring.18,19,25–27

In recent years, an effort has been made to lower the frequency of ce-
sarean delivery, and four of five trials carried out in developed countries
in the 1980s or 1990s reported no significant increase in the overall ce-
sarean delivery rate with electronic fetal monitoring.20,23,24,28 A fifth trial,
comparing routine to selective electronic monitoring, reported a very
small increase that was statistically but not clinically significant.21 On the
other hand, operative vaginal (e.g., forceps) deliveries were significantly
increased in the newer trials,20,23,24 suggesting an inverse relationship be-
tween cesarean and operative vaginal delivery. The meta-analyses31,32,33a

previously cited reported a 1.3- to 2.7-fold increased likelihood of cesarean
delivery and a 2.0- to 4.1-fold increased likelihood of cesarean delivery for
fetal distress with continuous electronic fetal monitoring, with lower rates
in the meta-analysis of studies that used scalp blood sampling. The likeli-
hood of any operative delivery was increased by about 30% with electronic
fetal monitoring. The meta-analyses also reported higher rates of both ma-
ternal infection and general anesthesia with electronic monitoring, pre-
sumably secondary to the higher rates of operative delivery.31,32 Electronic
monitoring may also have adverse psychological effects. In a comparison
of subsamples from the randomized groups in one trial, women who had
electronic fetal monitoring reported an increased likelihood of feeling
“too restricted” during labor and were also more likely to report feeling
left alone, although the latter difference was of only borderline signifi-
cance.41 On the other hand, in a subsample from a different trial, there
were no differences between women in the two groups in their assessment
of their monitoring experience, medical or nursing support, or the labor
or delivery experience.42

Recommendations of Other Groups

The American College of Obstetricians and Gynecologists states that all pa-
tients in labor need some form of fetal monitoring, with more intensified
monitoring indicated in high-risk pregnancies; the choice of technique
(electronic fetal monitoring or intermittent auscultation) is based on var-
ious factors, including the resources available.43 The Canadian Task Force
on the Periodic Health Examination advises against routine electronic
fetal monitoring in normal pregnancies but found poor evidence regard-
ing the inclusion or exclusion of its routine use in high-risk pregnancies.44

Discussion

Electronic fetal monitoring has become an accepted standard of care in
many settings in the U.S. for the management of labor.4 Birth certificate
data suggest that this technology was used in about three fourths of all live
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births in 1991;7 in certain academic centers the rate may be as high as
86–100%.4 As discussed above, there are important questions regarding
the definition of fetal distress, as well as about the accuracy and reliability
of electronic fetal monitoring in discriminating accurately between preg-
nancies with and without this disorder. It is also unclear whether the use
of this technology results in significantly improved outcome for the baby
when compared to active clinical monitoring. Adequately conducted trials
generalizable to obstetric care in the U.S. have not reported a reduction in
perinatal mortality, although sample sizes are not adequate to exclude a
benefit. Evidence does support a reduced risk of neonatal seizures, but the
benefit was mainly seen in women with complicated labors (i.e., induced,
augmented with oxytocin, or prolonged), and it is not clear that there are
long-term adverse effects associated with the types of seizures prevented.
Follow-up of study subjects at 9 months to 4 years of age has not revealed
any long-term neurologic benefits from electronic monitoring. If any-
thing, effect estimates suggest an increased risk of cerebral palsy and low
developmental scores in electronically monitored infants, possibly due to
false reassurance and consequent delayed intervention.

In addition to the maternal risks associated with electronic fetal moni-
toring, including increased rates of cesarean or operative vaginal (e.g., for-
ceps) delivery, general anesthesia and maternal infection, and the possible
increased risk of adverse neonatal neurologic outcome, increased use of
this technology is associated with increased costs of labor care. The wide-
spread use of electronic fetal monitoring in low-risk pregnancies in the
face of uncertain benefits, and certain maternal risks and costs, has been
attributed to concerns about litigation.8,45 It has been estimated that
nearly 40% of all obstetric malpractice losses are due to fetal monitoring
problems,46 and this may be a major motivating factor behind the wide-
spread use of electronic fetal monitoring during labor.

CLINICAL INTERVENTION

Routine electronic fetal monitoring is not recommended for low-risk
women in labor when adequate clinical monitoring including intermittent
auscultation by trained staff is available (“D” recommendation). There is
insufficient evidence to recommend for or against electronic fetal moni-
toring over intermittent auscultation for high-risk pregnancies (“C” rec-
ommendation). For pregnant women with complicated labor (i.e.,
induced, prolonged, or oxytocin augmented), recommendations for elec-
tronic monitoring plus scalp blood sampling may be made on the basis of
evidence for a reduced risk of neonatal seizures, although the long-term
neurologic benefit to the neonate is unclear and must be weighed against
the increased risk to the mother and neonate of operative delivery, general
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anesthesia, and maternal infection, and a possible increased risk of ad-
verse neurologic outcome in the infant. There is currently no evidence
available to evaluate electronic fetal monitoring in comparison to no mon-
itoring.

The draft update of this chapter was prepared for the U.S. Preventive Services Task
Force by Carolyn DiGuiseppi, MD, MPH, based in part on materials prepared by Geof-
frey Anderson, MD, PhD, for the Canadian Task Force on the Periodic Health Exami-
nation.
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