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Not long ago, the fetus was considered a passenger, not a separate patient. It
was believed that nothing could be done to improve fetal health inside the
uterine ‘black-box’. Perhaps the first written record we have of a mother and
baby surviving a cesarean section comes from Switzerland in 1500 when a
sow gelder, Jacob Nufer, performed the operation on his wife. After several
days in labor and help from 13 midwives, the woman was unable to deliver
her baby. Her desperate husband eventually gained permission from the local
authorities to attempt a cesarean. The mother lived and subsequently gave
birth normally to 5 children, including twins [1]. Peter Chamberlen presumably invented the obstetric forceps and kept it as a family secret [2]. These
interventions were intended to save the parturient life during an obstructed
labor, but they also indirectly improved the survival chances of the fetus. The
concept of ‘the fetus as a patient’ has evolved in the twentieth century and
now it is fundamental and firmly established in obstetric care.
‘Fetal monitoring’ in a wide sense means fetal surveillance but, practically, it is an indirect way to measure fetal well-being or the adequacy of
fetal oxygenation and, as such, it is an integral part of the concept of ‘the
fetus as a patient’. The primary goal of fetal monitoring is a healthy
newborn with a healthy mother.
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Table 1.

Methods of fetal monitoring
Fetal movement assessment
Periodic fetal heart rate (FHR) auscultation (fetoscope)
Continuous electronic FHR monitoring (NST, CST)
Fetal biophysical profile scoring (BPP)
Stimulation techniques: scalp stimulation and
vibroacoustic stimulation
Fetal amniotic fluid analysis
Fetal blood evaluation
Fetal pulse oximetry
Doppler velocimetry

There are several methods of antepartum and intrapartum fetal monitoring (table 1). This chapter will focus mainly on the ‘continuous electronic
fetal heart rate monitoring’ (CEFHRM), biophysical profile and Doppler
velocimetry which are currently the main clinical assessment techniques.

History of Fetal Heart Rate Monitoring

Direct fetal heart rate (FHR) auscultation with the examining ear placed on
the maternal abdomen has been known for a centuries [3], Marsac heard fetal
heart beats in the seventeenth century. Mayor [4], a Swiss surgeon, first
reported direct FHR auscultation in 1818. Jean Alexandre Le Jumeau and
Viscount de Kergaradec first described auscultation of the fetal heart with a
Laennec stethoscope or with a wooden fetoscope in 1821 [5]. Le Jumeau, who
was not an obstetrician, reported hearing fetal heart beats in 8 pregnant
women. Le Jumeau suggested that fetal auscultation could be used to detect
pregnancy as well as to identify twin gestation, fetal lie and even fetal health
[6]. Le Jumeau was the pupil of Laennec, the founder of medical auscultation.
Kennedy, in his monograph from 1833 [7] postulated that ‘since newborn
hearts beats longer compared to adult hearts when excised, they can better tolerate a hypoxic environment’. Kennedy described the effects of head and cord
compression on the fetal heart rate and related a slow return of FHR after a
bradycardia to ‘fetal sufferance’. This monograph was ahead of its time by
including an appendix containing legal notes! Kilian, in 1849, published on
‘stethoscopical indications for forceps operation’. He suggested that forceps
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delivery should be applied without delay when the FHR is less than 100 bpm
or more than 180 bpm, when the fetal heart sounds lose their purity of tone or
when only one tone could be clearly heard [8]. Kehrer [9], in 1867, described
for the first time the association between fetal bradycardia and fetal head
compression. Schwartz [10], in 1870, proposed counting the FHR as often as
possible between and during the uterine contractions because FHR might
change due to fetal ‘asphyxic intoxication’. Schatz [11], in 1885, described the
mechanism of FHR deceleration due to umbilical cord compression. Ernesto
Pestalozza of Pavia described phonocardiography in 1891. In 1893, Winckel
[12] suggested criteria for defining fetal distress, among them, FHR under
120 bpm or above 160 bpm. In 1903, Seitz [13] suggested three types of FHR
decelerations, two related to enhanced vagal activity and one related to paralysis of all extracardiac nervous activity. He proposed that the changes in the
FHR pattern reflect fetal oxygenation. In the same year, in the first edition of
Williams Obstetrics [14], J. Whitridge Williams stated: ‘The rate of fetal heart
is subject to considerable variations which afford us a fairly reliable means of
judging as to the wellbeing of the child. As a general rule, its life should be
considered in danger when the heartbeats fall below 100 or exceed 160’.
Cremer recorded the first fetal electrocardiogram (ECG) in 1906, only
5 years after the first adult ECG registration by Einthoven in 1901. In 1922,
Sach tried to use abdomino-vaginal and abdomino-rectal leads. In 1938, Bell
had recorded fetal P waves. In 1958, Hon [15], ‘the father of the modern
FHR monitor’, developed a method for continuous FHR recording. He
described three patterns of FHR decelerations: early, variable and late which
were related to head compression, cord compression and uteroplacental insufficiency, respectively. In 1963, Hon improved the quality of FHR recordings
by introducing a fetal scalp electrode. In 1966, Hammacher [16] indicated
that neonates who had FHR late decelerations prior to delivery, had lower
Apgar scores after delivery and higher stillbirth rate. Six years later, Ray et al.
[17] confirmed the observation of Hammacher in the first prospective blinded
trial in the USA. In 1969, Hammacher linked FHR accelerations to fetal
wellbeing. Continuous electronic FHR monitoring (CEFHRM) was commercially introduced in 1968; initially it was used for complicated and ‘high-risk’
pregnancies, but gradually it penetrated into the ‘low-risk’ pregnancies as
well. By 1978, CEFHRM was used in nearly two thirds of deliveries in the
USA [18]. By 1998, 84% of laboring women were monitored by CEFHRM
[19] and today it is the most prevalent obstetrical monitoring technique,
almost universally practiced in the Western world [3, 20].
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FHR as an Indirect Measure of Fetal Brain Activity

Continuous recording of the fetal oxygenation would be the ideal method
to assess fetal well-being. However, no such technique is presently available.
Fetal heart rate monitoring was therefore suggested as an indirect measure
of fetal brain oxygenation. Many physiological factors have an impact on
the pacemakers of the fetal heart. Most important is the autonomic nervous
system (sympathetic and parasympathetic nervous systems). Stimulation of
the sympathetic nervous system leads to the release of catecholamines.
These hormones increase the fetal cardiac output by increasing the FHR
and myocardial contractility. Stimulation of this system occurs in cases of
stress while during rest periods the heart rate is controlled by a tonic
sympathetic stimulus.
The parasympathetic nervous system is dominated by the vagus nerve,
which is the tenth cranial nerve and originates from the medulla oblongata.
The vagal fibers supply the heart pacemakers and the sinoatrial and atrioventricular nodes. Vagal stimulation leads to the release of acetylcholine,
which decreases the heart rate. There are two main vagal influences on the
FHR. The first is a constant tonic stimulus that decreases the normal intrinsic FHR and, the second, an oscillatory stimulus that is responsible for most
of the variability in the FHR. The vagal influence increases with gestational
age. At 20 weeks’ gestation, the average FHR is 155 bpm, at 30 weeks it is
144 bpm and at term it is 140 bpm. Variations of up to 20 bpm above or
below the average FHR are regarded as normal. In well-oxygenated fetuses,
FHR changes reflect different behavioral states. During active sleep and
wakefulness, there are fluctuations in the baseline rate with a clearly visible
beat-to-beat variability and heart rate accelerations during fetal movements.
During quiet sleep there are only a few or no heart rate accelerations, and
the beat-to-beat variability is reduced to some extent.
Hypoxic periods are characterized by an increased activity of both the
sympathetic and parasympathetic nervous systems. Initially, the chemoreceptors are activated, leading to ␣-sympathetic stimulation that constricts the
vascular beds of the gastrointestinal tract, liver, spleen, lungs, carcass, kidneys and skin (which are nonessential organs for immediate survival of the
fetus) and thus cause hypertension and preferential increase in blood flow to
the vital organs, i.e. the brain, heart, adrenals and placenta. At this stage of
hypertension, the baroreceptors are activated with afferent link to the brain
stem, leading to vagal stimulation and slowing of the heart rate. The decrease
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in heart rate presents as fetal heart rate deceleration. In cases of severe
hypoxia, the fetus becomes acidotic, the brain stem is less responsive, the
autonomic reflexes are blunted and there is a direct myocardial depression,
which worsens the heart rate deceleration and lead to severe bradycardia.
The various FHR patterns observed in well oxygenated or hypoxic
fetuses serve as the basis for the FHR testing.

The Nonstress Test

The nonstress test (NST) is a primary fetal surveillance tool. It is noninvasive,
inexpensive, and simple and has no contraindications. Continuous wave
Doppler transducers applied to the maternal abdomen record the FHR. The
American College of Obstetricians and Gynecologists has defined a normal,
i.e. reactive, NST as a tracing with two or more FHR accelerations that peak
at 15 bpm or more above baseline, each lasting 15 s or more, and all occurring within 20 min of testing (fig. 1). The absence of two FHR accelerations
within 20 min qualifies the tracing as nonreactive; however, in order to conclude that fetal reactivity is absent, at least 40 min of recording are required
since most non-reactive tracing are due to fetal sleep. The perinatal mortality
within a week of a reactive NST is 2–5/1,000. While a reactive NST is highly
predictive of fetal well-being, the opposite is not true as most fetuses with a
nonreactive NST are not compromised. Overall, the NST has a specificity of
more than 90% and a sensitivity of 50%. The negative predictive value is
90% and the positive predictive value is less than 50%.
Most obstetricians perform a visual interpretation of the FHR tracing.
However, the accuracy of this method is questionable and large inter- and
intra-observer variations have been noted. The introduction of computerized
analysis systems has, therefore, been suggested, but is not widely practiced.
The high false-positive rate of the NST may lead to unnecessary interventions. Most investigators therefore believe that additional testing is
needed to confirm the results of the NST.

The Contraction Stress Test

During the late 1960s, as the experience with intrapartum electronic fetal
monitoring became more widespread, investigators focused on the contraction
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stress test (CST) as an antepartum test of fetal well-being. The hypothesis
underlying the CST evolved from animal physiologic observations suggesting that blood flow to the intervillous space is decreased during uterine
contractions. The rationale of the CST is to induce uterine contractions in
order to uncover cases of uteroplacental insufficiency. Uterine contractions
are induced by intravenous administration of oxytocin and the FHR
reactivity is assessed. In order to get sufficient data, three 40–60 s contractions should be recorded within 10 min. The CST may induce labor and is
therefore contraindicated in cases of a previous classical cesarean section,
placenta previa, placental separation and premature rupture of membranes.
The test should also be performed cautiously in cases of multiple pregnancy,
hydramnios and incompetent cervix.
Fetuses whose oxygenation is suboptimal due to ‘placental insufficiency’
are likely to display late fetal heart rate decelerations when faced with a further decrease in their oxygenation during uterine contractions. The CST is
considered positive when late decelerations occur following 50% or more
of uterine contractions. A detailed description of the CST is beyond the
scope of this editorial. In general, most authors have demonstrated a favorable perinatal outcome following a negative CST. In 1978, Evertson et al.
[21] summarized 14 observational clinical reports that revealed seven fetal
deaths among 1,739 high-risk patients within 1 week of a negative CST, for
a noncorrected incidence of antenatal fetal death of 4/1,000. In most of
these cases fetal demise resulted from ‘non-predictable’ etiologies such as
umbilical cord accidents, severe congenital anomalies or placental abruption. A prospective multi-institutional study by Freeman et al. [22] included
4,626 patients who underwent weekly CST. The study demonstrated a
corrected false negative rate of 0.4/1,000.
Later, Freeman et al. [23] combined results from 16 studies and
reported a corrected false negative of 1.2/1,000. These figures suggest that
the false-negative rate of CST is much lower than the stillbirth rate of
8/1,000 commonly reported in the general obstetrical population. CSTs
are commonly performed in high-risk populations, which are by definition
expected to have a higher fetal death rate than the general population.

Fig. 1.

Fetal heart rate (FHR) tracings. a Normal FHR tracing: The upper panel shows FHR variability
and accelerations. The lower panel shows uterine activity. b An abnormal FHR tracing: The
upper panel shows FHR decelerations. The lower panel shows uterine activity.
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Therefore, it is commonly concluded that the use of the CST results in a
dramatic decrease in antepartum fetal deaths. However, there are no
prospective randomized trials (i.e. tested vs. nontested populations) documenting the presumed benefits of CST in either low-risk or high-risk
patient populations.
The false-positive rate for the CST averages about 30%, with a range of
8–57%. This implies that approximately 30% of interventions due to a positive CST were deemed unnecessary following the intervention. In some
studies true positives were defined by predicting questionable outcome variables such as thick meconium, ‘need for cesarean section for fetal distress’
or the presence of fetal growth restriction. Thus, the true false-positive rate
of the CST is probably unknown.
As already stated, randomized studies of the CST versus no fetal testing
are yet to be performed. However, in a non-randomized study of 1,542 highrisk patients undergoing weekly non stress testing (NST) and 4,626 patients
undergoing CST, Freeman et al. [22] have shown that the rate of intervention
for an abnormal test is higher for the CST group (4.5 vs. 2.9%, respectively)
whereas the NST group had significantly higher incidence of respiratory
distress syndrome, intrauterine growth restriction, birth weight ⬍2,500 g and
5 min Apgar score of ⬍7. The false-negative rates for the CST and NST in the
prediction of fetal demise were 0.4/1,000 and 3.2/1,000, respectively.
It is generally believed that the CST is superior to the NST in the
prevention of fetal death.

Biophysical Profile

In the early 1980s Manning and co-workers [24] introduced the concept of
the fetal biophysical profile (BPP). This profile is somewhat similar to the
commonly used neonatal Apgar score and consists of combined use of the
NST and four biophysical activities observed with ultrasound: (1) fetal heart
rate accelerations (NST); (2) fetal breathing movements; (3) fetal body movements; (4) fetal tone, and (5) amniotic fluid volume. Two points are assigned
for each normal variable while no points are assigned for each abnormal
variable. Thus, the BPP score ranges from zero to ten. The BPP reflect the
integrity of the fetal central nervous system. In the original prospective
blinded study, Manning and co-workers evaluated 216 high-risk pregnancies
and observed no perinatal deaths when all five variables were normal.
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Perinatal mortality was 60% when all variables were abnormal. Intermediate
score values yielded intermediate perinatal loss rates. Recently, an observational study of 89,184 pregnancies that underwent BPP testing was reported
by Dayal et al. [25]. The final BPP results were normal in 86,955 (97.5%)
pregnancies (including 84,771 fetuses observed in Manitoba’s fetal assessment program and 2,184 fetuses from Columbia Presbyterian’s program).
The false-negative death rate varied between the two institutions: in the
Manitoba population there were 60 fetal deaths among 84,771 fetuses
within 1 week of a normal BPP, yielding a false-negative rate of 0.71 per
1,000. In contrast, in the Columbia-Presbyterian study, 5 of 2,184 fetuses
died within a week of a normal BPP, yielding a false-negative rate of 2.29 per
1,000. However, when these ratios were compared with the gross perinatal
mortality in each center, the ratio of the false-negative rate to the total
perinatal mortality rate showed no statistical significance (0.093 and 0.104
for Manitoba and Columbia Presbyterian, respectively) [25].
In 1993, Manning [26] conducted a prospective observational study in
order to determine the relationship between the fetal BPP and umbilical
venous pH obtained by cordocentesis. Cordocentesis was performed
immediately after the BPP. A total of 493-paired observations were made.
A biophysical score of zero was associated with significant fetal acidemia
(pH ⬍7.20), whereas a normal score (i.e. 8–10) was associated with a
normal pH. An equivocal test – a score of 6 – was a poor predictor of an
abnormal pH. Other investigators also examined this correlation and
concluded that the association of the BPP and umbilical vein pH is strongest
at the extremes of the BPP score [27–29].
In a subsequent study, Manning et al. [30] evaluated the association
between final BPP score before delivery and the incidence of cerebral palsy
(CP). A highly significant inverse exponential relationship was observed in a
retrospective study of 26,288 high-risk pregnancies. The authors suggested
that antenatal asphyxia is an important and potentially avoidable cause of CP.
In a prospective blinded study, 735 high-risk patients were randomly
assigned to either a fetal BPP (375 patients) or a NST (360 patients).
Although the sensitivity, specificity, and accuracy were higher with BPP,
these differences did not reach statistical significance [31].
In a randomized prospective trial, Platt and co-workers [32] studied a
total of 652 patients (1,628 tests were preformed). 279 pregnancies were
managed by BPP and 373 were managed by NST. The results of this study
suggest that the biophysical profile is more predictive of abnormal outcome
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than the NST. However, because the groups were too small statistical significance could not be established and the investigators recommended that
additional studies be performed.
A modified fetal BPP based on two of the five original variables – the
NST and amniotic fluid volume – has been reported [33, 34].
In a prospective observational study of 15,482 high-risk pregnancies, a
false-negative rate of 0.8/1,000 and a false-positive rate of 60% were
reported [35].
The American College of Obstetrics and Gynecologists has concluded
that the modified BPP is an acceptable modality for antepartum fetal
surveillance [36].
Alfirevic et al. [37] randomized 145 women with singleton, uncomplicated
pregnancies at or beyond 42 weeks of gestation to either BPP comprising of
computerized NST, amniotic fluid index and assessment of fetal breathing,
tone and gross body movements (n ⫽ 72) or the standard NST and a measurement of the amniotic fluid volume as defined by the depth of the largest
pocket of amniotic fluid (n ⫽ 73). There were significantly more abnormal
results in the BPP group. There were no differences in cord blood gases, neonatal outcome or in outcomes related to labor and delivery between the two
groups, but a trend towards more obstetric interventions in the BPP group was
noted. Another randomized controlled trial compared CST to modified BPP in
5,444 pregnancies. In this population, the frequency of adverse perinatal outcome following a negative modified BPP was no greater than that following a
negative CST [38].
Alfirevic and Neilson [39] reviewed the literature concerning BPP and
modified BPP in order to determine whether this is an effective and safe test
for the assessment of fetal well-being in high-risk pregnancies.
Four randomized controlled studies were included in their analysis. They
concluded that biophysical profile testing showed no obvious effect (either
beneficial or deleterious) on pregnancy outcome when compared to other
fetal testing modalities. However, they have noticed that although many
reports of observational studies have been published, less than 3,000 pregnancies have been enrolled into randomized trials. Thus, they concluded
that there is insufficient evidence from randomized trials to evaluate the use
of BPP as a test of fetal well-being in high-risk pregnancies.
The logic for the clinical use of the BPP is similar to the logic applied for
justifying the use of the NST or the CST, i.e. that the use of BPP in high-risk
populations is associated with a low antepartum fetal death rate when
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compared to either the nontested low-risk population or to historical
controls. No randomized controlled trials of tested versus nontested are
available to substantiate this conclusion.

Doppler Evaluation of the Fetus

Doppler ultrasound is a noninvasive technique used to evaluate blood flow
in maternal and fetal vessels. The shift in frequency of the sound wave
caused by moving red blood cells enables determination of the blood flow
velocity by waveform analysis.
The umbilical artery is the easiest organ to visualize for Doppler studies.
The most simple and most common index to be evaluated is the systolicdiastolic ratio (S/D ratio). Normally, there is a forward flow throughout
diastole and an S/D of less than 3 is reassuring in the third trimester. In cases
of uterine and placental pathology, there is an increase in vascular resistance
and decrease in diastolic flow, resulting in an elevated S/D ratio. In severe
cases, absence of the diastolic flow or even a reversed diastolic flow may be
noted (fig. 2). Randomized controlled trials have shown that abnormal
umbilical artery velocity waveforms are valuable in identifying the growthrestricted fetus [40]. A meta-analysis of studies on pregnancies complicated
by suspected fetal growth restriction revealed that the use of Doppler evaluation was associated with a significant improvement in prenatal outcome
and a reduction of 38% in perinatal mortality [40].
The use of Doppler velocimetry in low risk pregnancies is much less
promising. The current data reveal that routine Doppler ultrasound in lowrisk or unselected populations does not confer benefit on mother or newborn. The American College of Obstetricians and Gynecologists therefore
recommends using Doppler studies in adjunct to other fetal evaluation
modalities but not as a screening test for fetal well-being [41].

Pitfalls and Dilemmas in the Interpretation of Continuous
Electronic FHR Monitoring

The introduction of continuous electronic FHR monitoring (CEFARM)
created a utopian belief that pregnancy and delivery are finally safe and
that a perfect outcome could be guaranteed in all cases. There was an
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Fig. 2.

Doppler velocimetry in the fetus. a Normal flow, the systolic flow is marked by thick arrow.
The diastolic flow is marked by a thin arrow. b Absent diastolic flow, only the systolic flow is
observed. There is no diastolic flow. c Reverse diastolic flow, the systolic flow is marked by
thick arrow. There is reverse diastolic flow marked by a thin arrow.

expectation that all perinatal damage or death will be prevented. In 1994,
Symonds [42] found that about 70% of lawsuits related to neonatal brain
damage and neurological disabilities were based on a nonreassuring
CEFHRM. An assumption that was never proved is that fetal compromise
develops in a gradual, progressive fashion which provides an ‘intervention
opportunity window’ to improve the perinatal outcome. However, it is obvious that not all fetuses ‘expire slowly’ and that sudden deterioration such as
in cases of placental abruption may occur.
Cesarean Section Rate and Neonatal Outcome. In almost all of the
randomized controlled trials, CEFHRM was associated with an increase
in the cesarean section rate without a significant improvement in neonatal outcome. Metabolic acidosis complicates up to 2% of all deliveries.
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However, the rate of cesarean sections due to no reassuring tracing is well
over 10%. There is, therefore, an urgent need for improving our ability
to detect the hypoxic fetus. Techniques such as fetal ECG and pulse
oximetry have been suggested. However, the clinical utility is still
unproven.
CEFHRM and Cerebral Palsy. There has been no appreciable decline in
the incidence of cerebral palsy (2/1,000) during the last 30 years since
CEFHRM was introduced into obstetrical practice. However, there are
other factors which influenced the rate of cerebral palsy during this period.
The constant gradual improvement in the neonatal intensive care units, the
introduction of the surfactant treatment, high-frequency ventilation and
other techniques all dramatically improved the survival rates of the
preterm and very low-birth-weight infants, which accounts for most of the
cerebral palsy cases. The wide use of assisted reproductive technology has
resulted in an increased incidence of multiple pregnancy and subsequent
prematurity. The increased survival rate of asphyxiated term newborns has
also added to the number of cases of cerebral palsy. Thus, the protective
effect of CEFHRM might have been obscured by these improvements in
survival rates.
Much effort has been devoted to identifying FHR patterns associated
with neonatal brain damage. Todd et al. [43] examined the outcome of
2 year-old infants who were delivered electively before 34 weeks with an
abnormal NST or Doppler study. Poor cognitive progress was more
commonly noted with an abnormal NST compared to an abnormal
Doppler. It was suggested that by the time a nonreassuring fetal status is
diagnosed by antepartum testing, fetal brain damage has already become
irreversible.
Other studies have shown that 75–92% of cerebral palsy cases are not
related to perinatal asphyxia and occur during pregnancy or early in labor
before CEFHRM has been applied [44, 45]. It seems, therefore, that these
cases are not preventable by early obstetric intervention. In 1996, a committee opinion of the American College of Obstetricians and Gynecologists
[46] addressed the relationship between perinatal asphyxia and the newborn
neurological disability. It was concluded that the following four criteria
must be present before a link can be made between perinatal asphyxia and
cerebral palsy:
1 Umbilical artery acidemia with pH less than 7.0.
2 Apgar score 0–3 for longer than 5 min.
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3 Neonatal neurological sequelae (hypotonia, seizures, coma).
4 Multiorgan system dysfunction.

Does FHR Monitoring Improve Perinatal Outcome?

The fundamental question in fetal monitoring remains whether any of these
modalities improves perinatal outcomes.
Thacker and Berkelman [47] reviewed 600 articles to assess the accuracy
and efficacy of the NST, CST and recording of fetal movements. Both the
CST and the NST generally demonstrated low sensitivity and high rates of
false-positivity. Only four randomized controlled trials have addressed these
questions and none was of sufficient size to demonstrate whether there is a
significant difference in outcome following use of the CST or the NST. A
year later, Platt et al. [48] reviewed the impact of fetal testing of more than
200,000 pregnancies; almost 17,000 of these underwent various types of
fetal surveillance tests during a 15-year period between 1971 and 1985.
They concluded that fetal testing is beneficial since fetal death rate in selected
high-risk patients was significantly lower when antepartum testing was
utilized.
Mohide et al. [49] used the Oxford database of perinatal trials. The
studies that were appropriately designed failed to show that the use of
antepartum fetal testing is associated with improved perinatal outcome.
Enkin et al. [50], in their ‘guide to effective care in pregnancy and
childbirth’, had declared that antepartum tests are ‘forms of care likely to
be ineffective or harmful’.

Conclusion

Initially, there were great expectations from CEFHRM. The primary goal of
fetal monitoring was, in a broad sense, to improve the short- and long-term
perinatal outcome. It was hoped that fetal monitoring will enable an early
and accurate diagnosis of fetal distress and will reduce unnecessary obstetric
interventions.
In the late 1970s, the lack of randomized controlled trials and a steep
rise in the cesarean delivery rate without a concomitant improvement in
neonatal outcomes has started the debate about the effectiveness of the
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routine use of CEFHRM. In 1987, the American College of Obstetricians
and Gynecologists recommended that auscultation was an acceptable
alternative to CEFHRM in low risk deliveries. The debate continued and
provocative statements such as ‘Has it been an absurd dream... a kind
of game for unoccupied physicists and obstetricians?’ or ‘Are we
ready to throw it out and go back with confidence to the 175-year-old
methodÿof clinical auscultation?’ [51] continued to be heard among
obstetricians.
Banta and Thacker [52] discussed the limited evidence-based benefit of
CEFHRM compared to the possible additional harm and cost. They
conclude that: ‘the technical advances required in the demonstration that
reliable recording could be done seem to have blinded most observers to the
fact that this additional information will not necessarily produce better outcomes. The current daily practice therefore reveals a discrepancy between
the evidence-based data, which did not show a significant benefit of
CEFHRM, and the widespread use of this technology. However, following
30 years of experience with this technology it seems that it’s well-spread use
is irreversible at the present time.’
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