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UNCERTAIN VALUE OF ELECTRONIC FETAL MONITORING IN PREDICTING
CEREBRAL PALSY
KARIN B. NELSON, M.D., JAMES M. DAMBROSIA, PH.D., TRICIA Y. TING, B.S.,
Abstract Background. Electronic monitoring of the fetal heart rate is commonly performed, in part to detect
hypoxia during delivery that may result in brain injury. It
is not known whether speciﬁc abnormalities on electronic
fetal monitoring are related to the risk of cerebral palsy.
Methods. Among 155,636 children born from 1983
through 1985 in four California counties, we identiﬁed singleton infants with birth weights of at least 2500 g who
survived to three years of age and had moderate or severe cerebral palsy. The children with cerebral palsy were
compared with randomly selected control children with
respect to characteristics noted in the birth records.
Results. Seventy-eight of 95 children with cerebral
palsy and 300 of 378 controls underwent intrapartum fetal monitoring. Characteristics found to be associated
with an increased risk of cerebral palsy were multiple late
decelerations in the heart rate, commonly deﬁned as slowing of the heart rate well after the onset of uterine contractions (odds ratio, 3.9; 95 percent conﬁdence interval,
1.7 to 9.3), and decreased beat-to-beat variability of the
heart rate (odds ratio, 2.7; 95 percent conﬁdence interval, 1.1 to 5.8); there was no association between the high-
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LECTRONIC fetal monitoring during labor was developed to detect fetal-heart-rate patterns thought
to indicate hypoxia. The early recognition of hypoxia
would, it was reasoned, alert clinicians to potential problems and enable them to intervene quickly to prevent fetal death or irreversible brain injury. When electronic fetal monitoring was introduced, it was hoped that the use
of this technique would prevent the majority of birth injuries due to hypoxia or asphyxia, thus greatly reducing
the frequency of cerebral palsy and mental retardation.
The introduction and wide dissemination of fetal
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est or lowest fetal heart rate recorded for each child and
the risk of cerebral palsy. Even after adjustment for other
risk factors, the association of abnormalities on fetal monitoring with an increased risk of cerebral palsy persisted
(adjusted odds ratio, 2.7; 95 percent conﬁdence interval,
1.4 to 5.4). The 21 children with cerebral palsy who had
multiple late decelerations or decreased variability in heart
rate on fetal monitoring represented only 0.19 percent of
singleton infants with birth weights of 2500 g or more who
had these fetal-monitoring ﬁndings, for a false positive
rate of 99.8 percent.
Conclusions. Speciﬁc abnormal ﬁndings on electronic monitoring of the fetal heart rate were associated with
an increased risk of cerebral palsy. However, the false
positive rate was extremely high. Since cesarean section
is often performed when such abnormalities are noted
and is associated with risk to the mother, our ﬁndings
arouse concern that, if these indications were widely used,
many cesarean sections would be performed without beneﬁt and with the potential for harm. (N Engl J Med 1996;
334:613-8.)
1996, Massachusetts Medical Society.

monitoring occurred before randomized clinical trials
had evaluated its efﬁcacy. More than 20 years and 11
randomized trials later,1-6 electronic fetal monitoring appears to have little documented beneﬁt over intermittent
auscultation with respect to perinatal mortality or longterm neurologic outcome. Furthermore, probably in part
because of the widespread use of fetal monitoring,7 the
rate of cesarean section has increased, with a resulting
increase in maternal morbidity and costs but without
apparent decrease in the incidence of cerebral palsy.
Few of the trials performed so far have been large
enough or have lasted long enough to investigate a possible association between ﬁndings on fetal monitoring
and a relatively rare outcome such as cerebral palsy,
which can be conﬁdently diagnosed only years after
birth. No randomized trial has explored possible associations between speciﬁc heart-rate patterns detected
on electronic monitoring and long-term neurologic outcomes.
In a population-based study, we assessed the association of cerebral palsy in children with birth weights of
2500 g or more with speciﬁc patterns on fetal monitoring and evaluated the possible confounding effects of
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other risk factors. We investigated the usefulness of fetal monitoring as interpreted by the treating physicians
at the time of the delivery of infants who would later be
given the diagnosis of cerebral palsy.
METHODS
Cerebral palsy was deﬁned as a chronic disability originating in the
central nervous system, characterized by aberrant control of movement or posture, appearing early in life, and not resulting from progressive disease. Children in whom cerebral palsy was acquired after
the ﬁrst 28 days of life or through nonaccidental head trauma in the
ﬁrst month and children with mild involvement or isolated hypotonia
were not included.
The case patients were singleton children born during the threeyear period from 1983 through 1985 to residents of four counties in
the San Francisco Bay area; the children weighed 2500 g or more at
birth, survived to the age of three years, were residents of California
at the age of three, and had moderate or severe cerebral palsy. For
the initial ascertainment of cases, we relied on the records of two state
agencies known to enroll virtually all eligible children. The inclusion
or exclusion of each identiﬁed child was determined by means of a
standardized clinical examination or extensive review of the medical
records. Detailed information about deﬁnitions and procedures has
been published elsewhere.8 Controls were randomly selected singleton
children who met all the criteria for the case children except the diagnosis of cerebral palsy.
Demographic and clinical data were obtained from birth certiﬁcates and medical records at more than 40 hospitals. Data were abstracted by nurses working at the California Birth Defects Monitoring
Program who did not know whether the records were those of case or
control children and did not know that the study was about cerebral
palsy.
The ﬁndings on fetal monitoring that we recorded were those noted
in the birth records by the physicians attending the deliveries. No
monitoring strips were available for review. We collected data on the
highest fetal heart rate above 160 or 180 beats per minute, the lowest
fetal heart rate below 100 or 80 beats per minute, and the presence or
absence of multiple late decelerations (commonly deﬁned as bradycardia occurring well after the onset of uterine contractions, although in
this study the term was recorded as used by the clinicians involved)
and decreased beat-to-beat variability in heart rate. Multiple late decelerations and decreased beat-to-beat variability were then combined
into a single variable indicating the occurrence of either or both during labor. Inconsistent reporting prevented us from including the duration of monitoring or speciﬁc heart-rate patterns in the analyses.
Gestational age was derived from measures recorded in the mothers’ charts before delivery, with precedence given to dates established
early in pregnancy and to estimates based on ultrasound examinations before 19 weeks of gestation. The level of care provided at the
hospital where the delivery occurred was determined according to the
criteria of the California Children’s Services program.9 Level 1 hospitals were those without specialized services for sick or premature infants, level 2 hospitals those that provided care for sick neonates who
did not require intensive care, and level 3 hospitals those that provided a full range of services including neonatal intensive care. Standards for birth weight for gestational age were derived from vital-records data (classiﬁed according to sex, race, and number of fetuses in
the gestation) on more than a million children born in California
from 1966 through 1970.10
Certain factors identiﬁed in the literature on fetal monitoring as associated with a heightened risk of cerebral palsy 3,5,11 were examined
for their univariate association with both cerebral palsy and fetalheart-rate abnormality in this study. These factors were vaginal bleeding during pregnancy, breech presentation, meconium in the amniotic
ﬂuid (classiﬁed as absent, light, or heavy), gestational age below 37
weeks at delivery, and maternal infection (indicated by a diagnosis of
maternal sepsis, chorionitis, or amnionitis; a maximal temperature
during labor of 38°C or higher; or foul-smelling meconium). Factors
in terms of which case children and controls differed signiﬁcantly in
the univariate analysis were further evaluated by logistic regression
to determine the separate contribution of each to the risk of cerebral
palsy, with control for the other factors. These analyses were repeated
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for spastic quadriplegia, a subtype of cerebral palsy often linked to asphyxia during delivery.12,13

RESULTS
Among 155,636 children born alive during the period
we studied, the overall prevalence of moderate or severe congenital cerebral palsy among singleton children
who survived to the age of three years was 1.1 per 1000.
Among such children, 95.4 percent weighed 2500 g or
more at birth, and in this group the prevalence of cerebral palsy was 0.67 per 1000. Children with birth weights
of 2500 g or more made up 56.4 percent of all singleton
children with cerebral palsy.
Nine of the 95 children with birth weights of 2500 g
or more who had cerebral palsy (9.5 percent) and 30 of
the 378 control children (7.9 percent) were delivered
without labor (P not signiﬁcant), indicating that the
risk of cerebral palsy in infants born at or near term
was not associated with the presence or absence of labor. Of the children born after labor, 9.3 percent of those
with cerebral palsy and 13.9 percent of the controls did
not undergo intrapartum monitoring — also a nonsigniﬁcant difference. A total of 78 children with cerebral
palsy, of whom 41 percent had spastic quadriplegia,
and 300 controls underwent fetal monitoring.
The children with cerebral palsy did not differ significantly from the controls in terms of a variety of demographic and medical characteristics (Table 1). There was
no relation between the highest and lowest fetal heart
rates measured by fetal monitoring in each child and
the risk of cerebral palsy (Table 2). Multiple late decelerations, decreased beat-to-beat variability, or both
were noted in 21 children with cerebral palsy and 28
controls. Multiple late decelerations were associated with
nearly a quadrupling of the risk of cerebral palsy (odds
ratio, 3.9; 95 percent conﬁdence interval, 1.7 to 9.3),
and decreased beat-to-beat variability with nearly a
tripling of the risk (odds ratio, 2.7; 95 percent conﬁdence interval, 1.1 to 5.8). The occurrence of multiple
late decelerations, decreased beat-to-beat variability, or
both abnormalities was associated with a sharp increase
in the risk of cerebral palsy (odds ratio, 3.6; 95 percent
conﬁdence interval, 1.9 to 6.7). The odds ratios for the
association of fetal-heart-rate patterns with spastic quadriplegia were similar to those for all types of cerebral
palsy combined. It is notable that 73 percent of the children with cerebral palsy did not have multiple late decelerations or decreased beat-to-beat variability, whereas
9.3 percent of the controls did.
The presence of multiple late decelerations, decreased
beat-to-beat variability, or both was associated with similar increases in the risk of cerebral palsy regardless of
whether the delivery was the mother’s ﬁrst live birth
(Table 3). These heart-rate abnormalities were observed
more often when internal monitoring was used than
when only external monitoring was used. However, the
proportional increase in the rate of these abnormalities
was greater for the controls than for the children with
cerebral palsy. Thus, the increase in the risk of cerebral palsy associated with these abnormalities on fetal
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Table 1. Characteristics of the Deliveries of Singleton Children with Birth Weights of 2500 g or More,
According to the Presence or Absence of
Cerebral Palsy.*
CHILDREN WITH
CEREBRAL PALSY
(N  78)

CHARACTERISTIC

Mother’s race or ethnic group
— no. (%)†
Nonhispanic white
Hispanic
Black
Asian
Other
Mean maternal age — yr
Mother’s parity — no. (%)
0
1
Type of payment for medical
care — no. (%)†
Private
Public
Level of neonatal care at hospital
— no. (%)
1
2
3
Mean gestational age (wk)
Induction of labor — no. (%)
Augmentation of labor
— no. (%)
Internal monitoring — no. (%)
Mean time from admission to
delivery (min)
Mean birth weight (g)
Birth weight — no. (%)
2500–2999 g
3000–3499 g
3500–3999 g
4000 g

CONTROLS
(N  300)

42 (54)
18 (23)
9 (12)
6 (8)
3 (4)
28

151 (51)
63 (21)
23 (8)
27 (9)
33 (11)
27

42 (54)
36 (46)

144 (48)
156 (52)

43 (73)
16 (27)

214 (81)
49 (19)

40 (51)
17 (22)
21 (27)
40
13 (17)
22 (28)

153 (51)
78 (26)
69 (23)
40
48 (16)
97 (32)

45 (58)
503

170 (57)
590

3313
21
29
24
4

3420
(27)
(37)
(31)
(5)

57 (19)
117 (39)
101 (34)
25 (8)

*Because of rounding, percentages do not always total 100.
†Data on this variable were not available for several subjects.

monitoring was larger among those with only external
monitoring.
Among children with gestational ages of 40 weeks or
less at delivery, the presence of an abnormality on monitoring was associated with a risk almost ﬁve times that
among children without an abnormality and twice that
among children with greater gestational ages (Table 3).
Abnormalities on fetal monitoring were more frequent
among children — both those with cerebral palsy and
controls — whose birth weights were below the 10th percentile for gestational age, but such abnormalities were
not associated with a greater risk of cerebral palsy
among infants who were small for gestational age as
compared with infants whose birth weights were appropriate for gestational age.
The presence of multiple late decelerations, decreased
beat-to-beat variability, or both was associated with
similar increases in the risk of cerebral palsy whether
the delivery was vaginal or surgical (Table 3). Among
children with abnormalities on monitoring, 10 of those
with cerebral palsy (48 percent) and 10 control children
(36 percent) were delivered by cesarean section; this
was not a signiﬁcant difference. Among these children,
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cesarean delivery was not associated with a signiﬁcantly altered risk of cerebral palsy (odds ratio for vaginal
vs. cesarean delivery, 1.6; 95 percent conﬁdence interval, 0.52 to 5.2).
We found that the risk factors identiﬁed in the medical literature were, on univariate analysis, associated
with an increased risk of cerebral palsy in this population (Table 4). These factors were vaginal bleeding during pregnancy, breech presentation, delivery at less than
37 weeks of gestation, the presence of meconium in the
amniotic ﬂuid, and infection in the mother. Logistic regression including those ﬁve factors along with fetalmonitoring abnormalities (Table 4) provided an excellent ﬁt for the data. The adjusted odds ratios were close
to those obtained by univariate analysis, suggesting that
each factor contributed independently to the risk of cerebral palsy and that none of the other factors accounted
for the increased risk associated with abnormalities on
fetal monitoring.
Thirty-seven percent of the children with cerebral palsy and 69 percent of the controls had none of the ﬁve
risk factors we examined. In this low-risk group, the
presence of an abnormality on fetal monitoring was not
associated with a signiﬁcant increase in risk (odds ratio,
1.7; 95 percent conﬁdence interval, 0.53 to 5.4). Among
those with one or more risk factors, an abnormality on
monitoring was recorded for 35 percent of the children
with cerebral palsy and 11 percent of the controls (odds
ratio, 4.4; 95 percent conﬁdence interval, 1.8 to 10.5).
When the data were expressed in terms of standard
measures of association (Table 5), although certain abnormalities on monitoring were associated with an increase in risk, their presence did not provide a reliable
indicator of subsequent cerebral palsy.
Extrapolation to the Entire Population

To examine the implications of the ﬁndings on electronic fetal monitoring for the assessment of the risk of
cerebral palsy, we projected the observations in this
Table 2. Heart-Rate Patterns on Electronic Intrapartum Monitoring of Singleton Infants with Birth
Weights of 2500 g or More, According to the Presence or Absence of Cerebral Palsy.*

PATTERN

CHILDREN WITH
CEREBRAL PALSY
(N  78)

CONTROLS
(N  300)

ODDS RATIO
(95% CI)

no. (%)

Tachycardia
160 beats/min
180 beats/min
Bradycardia
100 beats/min
80 beats/min
Multiple late decelerations
Decreased beat-tobeat variability
MLD/DV

22 (28.2)
5 (6.4)

85 (28.3)
16 (5.3)

1.0 (0.6–1.7)
1.3 (0.4–3.4)

27 (34.6)
13 (16.7)
11 (14.1)

75 (25.0)
35 (11.7)
12 (4.0)

1.5 (0.9–2.5)
1.5 (0.8–3.0)
3.9 (1.7–9.3)

13 (16.7)

21 (7.0)

2.7 (1.1–5.8)

21 (26.9)

28 (9.3)

3.6 (1.9–6.7)

*CI denotes conﬁdence interval, and MLD/DV multiple late decelerations, decreased beat-to-beat variability, or both.
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Table 3. Association of Multiple Late Decelerations, Decreased
Beat-to-Beat Variability, or Both (MLD/DV) with the Risk of Cerebral Palsy in Singleton Children with Birth Weights of 2500 g
or More, According to Characteristics of the Delivery and the
Presence or Absence of Cerebral Palsy.

CHARACTERISTIC

CHILDREN WITH
CEREBRAL PALSY
(N  78)
NO . OF

Mother’s parity
0
1
Level of neonatal care
at hospital
1
2 or 3
Type of monitoring
External only
Internal
Type of delivery
Vaginal
Cesarean
Birth weight
3500 g
3500 g
Gestational age
40 wk
40 wk
Birth weight for gestational age
10th percentile
10th percentile

CONTROLS
(N  300)
NO . OF

ODDS RATIO
(95% CI)*

CHILDREN

% WITH
MLD/DV

CHILDREN

% WITH
MLD/DV

42
36

35.7
16.7

144
156

15.2
5.8

3.7 (1.7–8.1)
3.3 (1.1–9.9)

40
38

30.0
26.7

154
146

9.1
9.6

4.3 (1.8–10.2)
2.9 (1.2–7.4)

33
45

21.1
31.1

130
170

3.9
13.5

6.7 (2.0–22.9)
2.9 (1.3–6.2)

55
23

20.4
43.5

252
48

7.4
20.8

3.3 (1.4–7.4)
2.9 (1.0–8.6)

50
28

26.0
28.6

174
126

8.6
10.3

3.7 (1.6–8.5)
3.5 (1.3–9.5)

45
33

31.1
21.2

177
123

8.5
10.6

4.9 (2.1–11.1)
2.3 (0.8–6.3)

71
7

25.4
42.9

285
15

8.8
20.0

3.5 (1.8–6.9)
3.0 (0.4–21.3)

*For each characteristic, the odds ratios are calculated as the risk of cerebral palsy in children
with MLD/DV as compared with children without MLD/DV. CI denotes conﬁdence interval.
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near term. The records of the children in this study reﬂect clinical practice during the mid-1980s in a large, diverse, urban area; this study thus represents a cross-section of abnormalities on fetal monitoring as interpreted
by clinicians at all levels of expertise. Important strengths
of the study are its population-wide nature, the relatively homogeneous range of birth weights that included the
large majority of all live births, the examination of speciﬁc abnormalities on fetal monitoring, and the assessment of the effects of potential confounding factors. The
chief limitations of the study are the absence of standardized deﬁnitions of abnormalities or monitoring protocols, including the lack of consistent information on
the duration of fetal-heart-rate patterns and the time of
their appearance during labor, and our inability to compare examinations performed early in labor with later
ﬁndings to investigate abnormalities that developed during the course of labor. The absence of information on
the duration of severe bradycardia is especially regrettable, although lengthy bradycardias can be recognized
without electronic monitoring.
This study was designed as an investigation of the use
of fetal monitoring in clinical practice. Monitoring strips
were not available for reinterpretation by experts or for
an investigation of interrater reliability. In studies from
specialized centers, consistency among raters and for individual raters over time has not been very good.4,11,14 In
this study, interpretations of patterns seen on fetal monitoring by care givers in level 2 and 3 hospitals were not
associated with the risk of cerebral palsy any more closely than interpretations by readers in level 1 facilities.
We observed an association of multiple late decelerations and of decreased beat-to-beat variability in the fetal heart rate, but not of the highest or lowest recorded
fetal heart rate for each child, with the risk of cerebral
palsy overall and in the high-risk group, but not in the
low-risk group. Leveno et al.11 concluded, on the basis
of other outcome variables, that the outcome of low-risk
pregnancies was not improved by electronic monitoring. The association of abnormalities on fetal monitor-

case–control study to the entire population of children
born during three years in the four counties from which
it was drawn. On the basis of the frequency of intrapartum monitoring among the controls, we estimate that in
the total population there were 115,511 surviving singleton children with birth weights of 2500 g or more who
had undergone electronic fetal monitoring. Assuming
that the controls were representative of the total population, 9.3 percent, or 10,770 monitored children without cerebral palsy and 21 monitored children with cerebral palsy, would be expected to have
had multiple late decelerations or deTable 4. Crude and Adjusted Odds Ratios for Cerebral Palsy According to LiteratureIdentiﬁed Risk Factors and Speciﬁc Heart-Rate Patterns on Electronic Fetal Monicreased beat-to-beat variability of the
toring in Singleton Children with Birth Weights of 2500 g or More.*
fetal heart rate, or both. Of the estimated total of 10,791 monitored inFACTOR†
UNIVARIATE ANALYSIS
MULTIVARIATE LOGISTIC ANALYSIS
fants weighing 2500 g or more who
CHILDREN WITH
CRUDE ODDS
ADJUSTED
had abnormalities on monitoring, 21
CONTROLS
CEREBRAL PALSY
RATIO
ODDS RATIO
(0.19 percent) had cerebral palsy —
ESTIMATES
(N  78)
(N  300)
(95% CI)
P VALUE
(95% CI)
for a projected false positive rate of
no. (%)
99.8 percent. The estimated false posBleeding during
13 (16.7)
21 (7.0)
2.7 (1.3–5.6)
1.05
0.01
2.9 (1.3–6.4)
itive rate is 99.9 percent among chilpregnancy
dren with none of the other risk facBreech presentation
8 (10.3)
10 (3.3)
3.3 (1.3–8.7)
1.06
0.05
2.9 (1.0–8.1)
tors we examined and 99.6 percent in
8 (10.3)
12 (4.0)
2.7 (1.1–7.0)
1.01
0.05
2.7 (1.0–7.6)
Gestational age
the high-risk group.
37 wk
DISCUSSION
We conducted a population-based
study relating speciﬁc abnormalities
in heart-rate patterns detected by
electronic fetal monitoring to the risk
of cerebral palsy in infants born at or

Meconium
Maternal infection
MLD/DV

26 (33.3)
14 (18.0)
21 (26.9)

52 (17.3)
13 (4.3)
28 (9.3)

1.9 (1.3–2.9)
4.8 (2.2–10.8)
3.6 (1.9–6.7)

0.45
1.21
1.01

0.05
0.01
0.01

1.6 (1.0–2.5)
3.3 (1.4–8.1)
2.7 (1.4–5.4)

*CI denotes conﬁdence interval, and MLD/DV multiple late decelerations, decreased beat-to-beat variability, or both.
Odds ratios are calculated as the risk of cerebral palsy among children with the risk factor as compared with those without
it. Estimates are the coefﬁcients of the ﬁtted logistic regression, and P values are for the comparison between case children
and controls.
†Each factor was analyzed as either absent or present, except meconium, which was coded as absent, light, or heavy.
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Table 5. Measures of the Association between Multiple Late Decelerations, Decreased Variability in Heart Rate, or Both on Electronic Fetal Monitoring with Cerebral Palsy in Singleton Children
with Birth Weights of 2500 g or More, According to Risk Group.*

POPULATION

PREVALENCE OF
CEREBRAL PALSY
(PER 10,000)

SENSITIVITY
(%)

69
31
100

3.6
13.8
6.8

13.8
34.7
26.9

%
RISK GROUP

Low
High
Total

OF

POSITIVE
SPECIFICITY PREDICTIVE
(%)
VALUE (%)

91.3
89.1
90.7

0.05
0.25
0.14

*The risk groupings were based on the presence or absence of ﬁve factors identiﬁed in the
literature as associated with an increased risk of cerebral palsy: bleeding during pregnancy,
breech presentation, gestational age of less than 37 weeks at delivery, maternal infection, and
the presence of meconium in the amniotic ﬂuid. Low risk was deﬁned as the absence of the
ﬁve risk factors and high risk as the presence of one or more of them. Sensitivity and speciﬁcity were calculated within the case–control study, whereas the percentage of the population
in each risk group, prevalence of cerebral palsy, and positive predictive value were obtained
by projection onto the entire population of children born during the three-year study period
in four counties.

ing with cerebral palsy in our study persisted after we
controlled for other factors known to be related to the
risk of cerebral palsy. However, the proportion of pregnancies erroneously identiﬁed as at risk because of these
monitoring abnormalities (the false positive rate) was extremely high.
Electronic fetal monitoring was developed to detect
intrapartum asphyxia associated with death or cerebral
palsy. The causative factors in cerebral palsy are heterogeneous. Perhaps 3 to 20 percent of cases of cerebral
palsy in infants born at term are due to intrapartum
asphyxia15-18; the lower estimates include consideration
of risk factors present before labor began, whereas the
higher estimates do not. Thus, the prevalence of the target disorder for fetal monitoring among children who
survive to three years of age — cerebral palsy related
to asphyxia during delivery — is much lower than the
overall prevalence of cerebral palsy.
Estimates derived from this study indicate that among
100,000 singleton children born at term, 9.3 percent, or
9300, would be expected to have multiple late decelerations or decreased beat-to-beat variability on fetal monitoring. Of those with these abnormalities, about 18 children (0.19 percent of 9300) would be expected to have
cerebral palsy. If in 20 percent of these children cerebral
palsy might be related to asphyxia during delivery and
if there were an intervention that could prevent asphyxia-related cerebral palsy once monitoring abnormalities
were recognized, then approximately 4 (18  0.2  3.6)
of 100,000 full-term infants might beneﬁt. However, the
intervention would be administered in 9296 (9300  4)
additional deliveries (2324 nonbeneﬁcial interventions
for each child in whom cerebral palsy was prevented).
If it is assumed that all the cases of cerebral palsy in
children with abnormalities on fetal monitoring are due
to asphyxia during delivery and, further, that there is a
perfectly effective intervention to prevent cerebral palsy
(neither assumption is warranted given currently available evidence), then the number of interventions performed during delivery in which there was no beneﬁt
would be 516 ([9300  18] 18) for each child saved
from cerebral palsy. Once monitoring abnormalities are
noted, cesarean section is often performed. In evaluat-
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ing the wisdom of this policy, it is necessary to evaluate
the risks — as well as costs — to the 516 or 2324 mother–baby pairs exposed to surgical delivery for each infant who might beneﬁt. In one large study, 11.6 percent
of cesarean sections were associated with intraoperative
complications.19 In 2.1 percent, the complications were
major, chieﬂy serious hemorrhage; in surgical deliveries
performed during labor, the rate of major complications
was 4.1 percent.19 Postoperative complications of surgical delivery are also relatively common, occurring in 13
to 65 percent in different studies.20
So far as we know, neither cesarean section21 nor any
other intervention during delivery has been shown to
prevent cerebral palsy in infants born at term. In this
study, children who had abnormalities on fetal monitoring during labor and were delivered by cesarean section
did not have a lower frequency of cerebral palsy than
children with these abnormalities who were delivered
vaginally.
The increase in the rate of cesarean section in the
United States and elsewhere during recent decades has
not been reﬂected in a decrease in the incidence of cerebral palsy.22-24 Whether electronic fetal monitoring is
helpful in reducing perinatal mortality remains uncertain,5,25,26 and most randomized trials have not found
low Apgar scores, acidosis, neonatal apnea, or the need
for intubation to be less frequent among infants who
were monitored electronically.5,27
It is likely that technological approaches to fetal surveillance are here to stay.28 The same issues that confront us with regard to fetal monitoring and intervention by means of cesarean delivery are likely to continue
to confront us as new methods are developed for the
assessment of the risk due to asphyxia during delivery
and as new therapeutic interventions appear. We need
to consider how to balance the possibility of helping the
small number of babies threatened by death or irreversible brain injury as a result of asphyxiating conditions
during labor against the possibility of harm to some of
the very large number of mothers and babies who, despite similar heart-rate patterns and other clinical ﬁndings during delivery, would not beneﬁt from intervention. What trade-offs are reasonable?
The focus on a relatively rare but severe outcome,
cerebral palsy caused by asphyxia during delivery, may
have diverted clinical and research attention from an
exploration of factors other than birth asphyxia that can
contribute to maldevelopment or injury of the infant’s
brain.16,29-31
We are indebted to the children and parents who participated in
this study.
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