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Abstract

Background. All guidelines regarding electronic fetal heart monitoring (EFM) before 2008 were designed
to avoid more hypoxia than acidosis. In addition, the results of the Cochrane meta-analysis of 2013 do not
show a significant improvement in neonatal outcomes using EFM or intermittent auscultation (A).

Objectives. We retrospectively evaluated the results on delivery outcomes arising from a comparison
between EFM and A during labor of 2 specific and high-quality trials. We hypothesized that revisiting
the delivery outcomes through the adoption of the recent National Institute of Child Health and Human
Development (NICHHD) guidelines, the reported delivery outcomes would be different.

Material and methods. The study retrospectively evaluated the results on delivery outcomes arising
from the comparison between EFM and 1A during labor of the “Dublin trial” and “Vintzileos trial” published,
respectively, in 1985 and 1993. A translational model was constructed to recalculate these results, applying
a correction factor to estimate the number of pathological patterns using the NICHHD quidelines for EFM.

Results. After the reevaluation of the 2 trials using the proposed correction factor, the comparison of the re-
calculated cesarean section and operative delivery rates for fetal distress between EFM and A group were
no longer statistically significant, both in the Dublin trial and Vintzileos trial. Even the comparison of the re-
calculated incidence of the rate of non-reassuring fetal heart rate (FHR) patterns in the EFM and IA groups
has not given any indication of significance for the Vintzileos trial.

Conclusions. Our results lead to reconsidering the results of the Dublin trial and Vintzileos trial in terms
of operational rates of births, hypothesizing that these results would have been significantly lower if FHR
traces were interpreted using the current NICHHD quidelines, which aim to identify potential acidotic fetuses
rather than hypoxic ones.

Key words: fetal heart rate, intermittent auscultation, fetal hypoxia, fetal acidosis, electronic fetal heart
monitoring
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Introduction

Electronic fetal monitoring (EFM) was introduced into
clinical practice in the seventies and since then it has be-
come the most commonly used method for the surveil-
lance of fetal well-being during labor. Since the first EFM
classification of Boylan in 1987,! the major international
scientific societies have developed specific guidelines that,
based on objective parameters, classify the EFM into risk
categories with the goal of addressing obstetricians in or-
der to act appropriately to reduce neonatal morbidity,
and to avoid inappropriate cesarean section and opera-
tive delivery.

Most of the recommendations and guidelines fo-
cused on avoiding fetal hypoxia, but in 2008 a consen-
sus of the National Institute of Child Health and Human
Development (NICHHD), the American College of Ob-
stetricians and Gynecologists (ACOG) and the Society
for Maternal Fetal Medicine clearly stated that the aim
of EFM was to avoid the birth of acidotic fetuses and that
the concept of fetal acidosis should replace the concept
of fetal hypoxia.>? The consensus reviewed and updated
the definitions of fetal heart rate (FHR) tracings with
the development of new guidelines that were subsequently
revisited in 2009 by the ACOG with the definition of spe-
cific clinical management for each FHR category.>* This
interpretation of EFM tracings clearly highlighted that
FHR deceleration represents a reversible sign of fetal hy-
poxia in utero in terms of a defense mechanism of the fe-
tus towards the hypoxic stimulus, while the alteration
of the FHR variability represents the highest risk factor
for fetal acidosis.

Table 1. Characteristics of the Dublin trial and Vintzileos trial
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From the introduction of EFM, several randomized trials
have also compared its efficacy to intermittent auscultation
(IA) of FHR during labor, suggesting that EFM reduces peri-
natal mortality, but it may increase the cesarean delivery
rate without performing an assessment of fetal acid-base
status.>~® The synthesis of all these reports was summed
up in 2013 by a Cochrane review, which reported that EFM
during labor is associated with a reduction in neonatal sei-
zures, but with no significant differences in cerebral palsy,
infant mortality or other standard measures of neonatal
well-being; this review also confirmed that EFM was asso-
ciated with an increase in cesarean and operative delivery.’
Moreover, even technologies adjunctive to conventional
intrapartum EFM, such as fetal ECG ST-segment analysis,
did not improve perinatal outcomes or decrease operative-
delivery rates.'® However, this Cochrane review also showed
that many of the epidemiological studies included had limi-
tations and only a few studies were randomized and based
on a larger population. In particular, only 2 of the 13 clinical
trials included in the review were considered to be of high
quality: the Dublin trial published in 1985 and the trial
published in 1993 by Vintzileos et al.!»12

Based on these premises, the present study aims to ret-
rospectively evaluate the 2 specific and high-quality tri-
als that have contributed to the Cochrane meta-analysis
— the Dublin and Vintzileos trials. Because it was not pos-
sible for us to re-evaluate all the single tracings, we hy-
pothesized that, after revisiting the operative delivery and
cesarean section rates, through the adoption of NICHHD
guidelines throughout the construction of a translational
model, these outcomes will be different in the light of re-
cent guidelines.

Characteristics
Study population, n
EFM
IA

Inclusion criteria

Exclusion criteria
Setting

Type of midwifery assistance

Type of EFM interpretation

Type of I1A

Support techniques to EFM

Measures outcome

Dublin trial
12,964
6,530
6,554

singleton
gestation age >28 weeks
active labor
No meconium-stained amniotic fluid

fetal malformation
National Maternity Hospital, Dublin, Ireland

one to one
Boylan Classification (1987)

every 15 min during the | stage of labor
every interval between contraction during the Il
stage of labor
1 min auscultation

fetal Ph from scalp blood sampling

intrapartum death
neonatal death
neurological sequelae
other neurological problems

Vintzileos trial
1,428
746
682
singleton
gestation age >26 weeks
spontaneous labor
congenital or fetal chromosomal defects

Alexandra Hospital, Athens, Greece
Marika lliadi Hospital, Athens, Greece

one to one
ACOG Classification (1989)
every 15 min during the | stage of labor

every 5 min during the Il stage of labor
1 min auscultation

none
neonatal complications

intrapartum fetal death
neonatal and perinatal death

EFM — electronic fetal monitoring; IA — intermittent auscultation.
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Material and methods

The study retrospectively evaluated the results on deliv-
ery outcomes arising from the comparison between EFM
and IA during labor of the “Dublin trial” and “Vintzil-
eos trial” published, respectively, in 1985 and 1993.1112
The characteristics of the trials are summarized in Table 1.

The Dublin trial used the specific criteria for EFM clas-
sification that was analogous to the Boylan classification
for EFM further published in 1987.! Fetal heart rate pat-
terns were considered “suspicious or ominous” in the case
of at least one of the following criteria: marked tachycardia
or bradycardia, moderate tachycardia or bradycardia with
reduced variability, a pattern of late decelerations, mod-
erate and severe variable decelerations, and other con-
fusing patterns which could not be interpreted (Table 2).
In the Dublin trial, if one of these patterns lasted for at least
10 min and conservative measures failed, the fetal pH was
assessed with scalp blood sampling during the 1°* stage
of labor, or if delivery had been completed, during the 2"
stage of labor. Childbirth was performed as soon as pos-
sible in the case of pH < 7.20. If the pH was between 7.20
and 7.25 and the FHR pattern was not reassuring, delivery
was completed as soon as possible; if the pH was great-
er than 7.25 and the pattern was not reassuring, the pH
of the scalp was repeated after 0.5—1 h. Similarly, in the IA
group, FHR auscultation was considered not reassuring
when FHR >160 bpm or <100 bpm during 3 contractions
without response to conservative measures.

The Vintzileos trial applied the ACOG guidelines
of 1989'% and EFM tracings were considered “non-reassur-
ing” in the presence of at least of one the following criteria:
late decelerations, persistent prolonged decelerations, severe

Table 2. Pathological EFM patterns according to the different classifications

ACOG classification 1989
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variable decelerations, variable decelerations with loss
of variability, persistent tachycardia with decreased variabil-
ity, persistent decreased variability and sinusoidal pattern,
early decelerations, late decelerations, and severe variable
decelerations with loss of variability (Table 2). The IA was
considered non-reassuring when the FHR was persistently
lower than 100 bpm during and after uterine contraction
or persistently higher than 160 bpm. Both groups were
managed similarly in the case of non-reassuring FHR, with
the application of conservative measures for at least 20 min
and after that a cesarean section was performed.

In order to compare the delivery outcomes of the 2 stud-
ies, we structured a summary table for each trial in which
the specific results were reported regarding fetal dis-
tress (Tables 3,4). In particular, the Dublin trial included,
as an indication for operative or cesarean delivery for fetal
distress, all the “suspicious FHR patterns” for fetal distress,
while the Vintzileos trial referred to “suspected fetal dis-
tress” as an indication for operative or cesarean delivery
in the presence of “not-reassuring FHR patterns”. Both trials
referred to intrapartum EFM anomalies as suspected fetal
distress, since the resulting neonatal outcomes were ana-
lyzed as distinct parts and were not included in our revision.

In a second instance, we construed a translational model
by recalculating these results, applying a correction fac-
tor to estimate the number of pathological patterns using
the NICHHD guidelines for EFM. The NICHHD guide-
lines defined as “category III” the presence of sinusoidal
patterns or a low FHR variability associated with at least
one of the following criteria: recurrent late decelerations,
recurrent variable decelerations and bradycardia (Table 2).2

The correction factor was calculated using as a refer-
ence a large randomized prospective study evaluating

NICHHD classification 2008

Boylan Classification 1987

- marked tachycardia — late decelerations, - sinusoidal pattern,
or bradycardia, — persistent prolonged decelerations, — low FHR variability associated to at least 1
- moderate tachycardia — severe variable decelerations - variable decelerations with loss of the following criteria:
or bradycardia with reduced of variability, 1. recurrent late decelerations,
variability, — persistent tachycardia with decreased variability, 2.recurrent variable decelerations,
- pattern of late decelerations, — persistent decreased variability, 3. bradycardia.
- moderate and severe variable — sinusoidal pattern,
decelerations, — early decelerations,
— other confusing patterns which = — late decelerations and severe variable decelerations with loss
could not be interpreted. of variability.

EFM — electronic fetal monitoring; FHR — fetal heart rate.

Table 3. Outcomes of the Dublin trial for cesarean section and spontaneous operative delivery for fetal distress (modified from MacDonald et al.)"!

Dublin trial

Type of deliver
e 4 EFM (n = 6,474)
Cesarean section 158 (2.4)
Fetal distress 25(0.4)
Operative spontaneous delivery 528 (8.2)
Fetal distress 190 (2.9)

IA (n = 6,490)
144 (2.2) %
100.2) 0.0161
407 (6.3) %
750.2) <0.0001

*p < 0.05; EFM — electronic fetal monitoring; IA — intermittent auscultation.
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Table 4. Outcomes of the Vintzileos trial for obstetrical interventions for fetal distress and non-reassuring FHR patterns (modified from Vintzileos et al.)'?

Vintzileos trial

Non-reassuring FHR patterns 175 (23.4)

Total obstetrical intervention 84 (11.2)
Operative delivery for fetal distress 44 (5.8)
Cesarean section for fetal distress 40 (5.3)

73 (10.7) 0.0001*
33 (4.9) 0.0001*
17 (24) 0.002*
16 (2.3) 0.005*

*p < 0.05; EFM — electronic fetal monitoring; IA — intermittent auscultation.

the relationships among abnormal cardiotocography and
umbilical cord blood pH, Apgar score, and meconium-
stained amniotic fluid. Steer et al.'* analyzed 698 FHR
patterns, defining as “abnormal” 289 patterns that were
comparable to category III of NICHHD. In particular, they
excluded from abnormality traces with a baseline between
120 bpm and 160 bpm, a baseline variability of 15 bpm,
the presence of accelerations, synchronous decelera-
tions with uterine contraction and an amplitude of less
than 40 bpm in the 1% stage of labor. Decelerations dur-
ing the 2"¢ stage of labor were always considered normal,
as well as a baseline between 100 bpm and 120 bpm with
normal variability. Considering the reported rate of abnor-
mal FHR patterns and relating that to the total patterns,
from this proportion we calculated that 41.4% (289/698)
of the traces were homologated to category III of NICHHD.

After this estimation, the number of pathological EFM
tracings of the 2 trials that hesitate in a cesarean section
or instrumental delivery for fetal distress were recalculated
by subtracting 58.6% and approximated with excess.

All data was analyzed using SPSS software (IBM SPSS
v. 23; IBM Corp, Armonk, USA). Delivery characteristics
were compared in univariate statistical analyses using

Pearson’s x* test and Fisher’s exact test. The results were
reported as numbers and percentages, as appropriate. P-
value <0.05 was considered statistically significant.

Results

Evaluating the results of the Dublin trial, the number
of cases of fetal distress that constituted the indication
for cesarean section in the EFM group decreases from 25
(0.4%) to 10.3 (0.1%); similarly, the number of operative
deliveries for fetal distress in the EFM group is reduced
from 190 (2.9%) to 78.6 (1.2%) (Table 5).

The reevaluation of the Vintzileos trial showed that
the rate of obstetrical intervention for fetal distress, both
cesarean section and operative delivery, in the EFM group
decreases from 84 (11.2%) to 34.8 (4.6%). In particular,
in the EFM group, the rate of operative deliveries changes
from 44 (5.8%) to 18.2 (2.4%) and the rate of cesarean sec-
tions decreases from 40 (5.4%) to 16.6 (2.2%) (Table 6). Sim-
ilarly, the number of non-reassuring FHR tracings among
patients who underwent EFM evaluation goes down from
175 (23.4%) to 72.4 (9.7%) (Table 6).

Table 5. Recalculated outcomes of the Dublin trial for cesarean section and spontaneous operative delivery for fetal distress (modified from MacDonald et al.)!"

Dublin trial revisited

Dublin trial
Type of delivery EFM 1A
(n=6,474) (n =6,490)
Cesarean section 158 (2.4) 144 (2.2)
Fetal distress 25(0.4) 10(0.2)
Operative spontaneous delivery 528(8.2) 407 (6.3)
Fetal distress 190 (2.9) 75(1.2)

0.0161* 103 (0.1) 10(0.2) 0.8299

<0.0001* 786(1.2) 75(1.2) 0.1342

*p < 0.05; EFM — electronic fetal monitoring; IA — intermittent auscultation.

Table 6. Recalculated outcomes of the Vintzileos trial for obstetrical interventions for fetal distress and non-reassuring FHR patterns (modified from

Vintzileos et al)2

Vintzileos trial

Vintzileos trial revisited

EFM 1A
(n =746) (n=682)
Non-reassuring FHR patterns 175 (23.4) 73 (10.7)
Total obstetrical intervention 84 (11.2) 33 (4.8)
Operative delivery for fetal distress 44 (5.8) 17 (24)
Cesarean section for fetal distress 40 (5.4) 16 (2.3)

EFM
(n=746)
0.0001* 72409.7) 73(10.7) 0.5163
0.0001* 34.8 (4.6) 33(4.8) 0.8019
0.002* 18.2 (2.4) 17 (2.49) 09224
0.005* 16.6 (2.2) 16 (2.3) 0.7974

*p < 0.05; EFM - electronic fetal monitoring; IA — intermittent auscultation.
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After the reevaluation of the 2 trials using the proposed
correction factor, the comparison of the recalculated ce-
sarean section and operative delivery rates for fetal distress
between the EFM and IA groups was no longer statisti-
cally significant, both in the Dublin trial and Vintzileos
trial (Tables 5,6). Even the comparison of the recalculat-
ed incidence of the rate of non-reassuring FHR patterns
in the EFM and IA groups does not give any indication
of significance for the Vintzileos trial (Table 6).

Discussion

Our study aimed to reevaluate the results of the 2 most
representative trials reported in scientific literature and
by the Cochrane review on the subject of EFM vs IA dur-
ing labor using the EFM tracings indications in the re-
cent NICHHD guidelines. Our retrospective reevaluation
noted that the previous differences in terms of obstetrical
intervention for delivery in the case of fetal distress (ce-
sarean section or operative spontaneous delivery) disap-
pear after reading the EFM tracings using the NICHHD
classification.

We suppose that the interpretative key of these results
is represented by the increasing importance of the role
of fetal acidosis as a “unique” indication for cesarean de-
livery or instrumental delivery. As stated in the NICHHD
guidelines, the concept of fetal hypoxia should be re-
placed by the concept of fetal acidosis since, in the past,
fetal hypoxia, often represented by fetal deceleration, was
considered the indication for delivery; nowadays hypoxia
is no longer an indication. Specifically, decelerations, if not
associated with absent variability, should be considered
an aspect of fetal reactivity, instead of fetal distress. Fetal
deceleration represents a compensatory reaction that may
subsequently worsen in a decompensatory phase represent-
ed by reduction of variability. So, if fetal hypoxia is embod-
ied by FHR deceleration, fetal acidosis is mostly represented
by the reduction of FHR variability that should therefore
assume the most relevant value in the readings of EFM
patterns. Category III of the NICHHD guidelines is, in fact,
clearly defined by the presence of sinusoidal patterns or ab-
sent baseline FHR variability in association with at least
one among bradycardia and recurrent late or variable de-
celerations. Category IIl embodies an increased risk of fetal
acidosis at the time of observation and, if unresolved, these
traces should be treated with a prompt delivery.*

Reviewing the 2 trials, it appears clear that suspicious
or non-reassuring FHR characteristics have been revisited
with the introduction of the NICHHD guidelines and some
criteria that were previously used to define pathological
patterns have since been reconsidered with the NICHHD
classification. In both classifications used in the trials,
the Boylan classification from 1987 and the ACOG clas-
sification from 1989, a definition of normal FHR baseline
between 120 bpm and 160 bpm was used, while nowadays
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the lower limit for this parameter is fixed at 110 bpm. Fur-
thermore, applying the Boylan classification, the Dublin
trial considered “dangerous” and an indication for cesarean
section at least 1 criterion among severe tachycardia with
low variability, severe bradycardia, and late and variable de-
celerations irrespective of FHR variability, which is an es-
sential criterion to allocate the tracings in category III
of the NICHHD classification. Similarly, in the Vintzileos
trial, the reduction of FHR variability is an isolated param-
eter sufficient to expedite delivery, without any associa-
tion of other tracing characteristics, like in category III
of the NICHHD.

Recently, Clark et al.!’® revisited the current NICHHD
approach to the management of category II FHR patterns,
indicating operative or cesarean delivery in cases of FHR
patterns less severe than those of category III. Considering
that algorithm for category II, the results of our reevalu-
ation of the Dublin and Vintzileos trials could possibly
be less impressive, but we chose not to include the Clark
algorithm in our analysis since we preferred to focus only
on consolidated national guidelines on intrapartum moni-
toring. Future research will probably elucidate this inter-
esting approach to category II and its impact on clinical
practice and previous trials.

From our comparison, it is evident that the indications
for obstetrical intervention in the 2 randomized trials
fail when EFM incorporates the concept of acidosis. This
difference was less pronounced in the Dublin trial where
the fetal pH was assessed with scalp blood sampling.

In the clinical practice, the biggest hazard for the obste-
trician is represented by the misinterpretation of the EFM
tracings, since EFM has an extreme intra-observer and
inter-observer variability. Blackwell et al. recently dem-
onstrated that while the intra-observer agreement is sub-
stantial for the reading of EFM tracings with the NICHHD
guidelines, the inter-observer agreement is moderate for
category I and II, but poor for category IIL.1¢

The misjudgment of physiological FHR variations
as signs of hypoxia may inevitably expose inappropriate
obstetrical interventions. The ACOG recently reported
that the second most common indication for primary ce-
sarean section is the presence of non-reassuring or inde-
terminate EFM tracings, accounting for about 23% cases
of cesarean section.!”!® Given that, a standardized ap-
proach to EFM tracing management could reduce the rate
of inappropriate cesarean sections. Surgical intervention
is frequently determined by the presence of abnormal EFM
that does not represent a clear situation of hypoxia or aci-
dosis, since FHR variations may occur before the onset
of acidosis. Electronic fetal heart monitoring may identify
fetuses that are not exposed to hypoxic stimuli (category I),
fetuses that are able to overcome the hypoxic stimulus
to which they are exposed by compensatory responses
(category II) and fetuses that are incapable of overcoming
the hypoxic stimulus and are confronted with decompen-
sation (category III).
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The strength of our study is represented by the critical
revision of the well-established association between EFM
and the increment of operative delivery in comparison with
IA in low-risk labor, demonstrating that a proper reading
of the FHR tracings in view of the recent guidelines does
not increase the incidence of surgical intervention. More-
over, our study points out the concept of acidosis in reading
the FHR traces that may alter the outcome of previous tri-
als; similarly, the use of fetal ECG ST-segment analysis has
been questioned as an adjunct to conventional intrapartum
electronic FHR monitoring, since a recent multicenter trial
demonstrated that it did not improve the perinatal out-
comes or decrease operative-delivery rates.!

A limitation of our study is that our results were ob-
tained by recalculating previous data with a correction fac-
tor rather than through a direct assessment of individual
cases. Other limitations are represented by the intrinsic
bias of the 2 trials examined. Concerning the Dublin tri-
al, the major confounding factors are the use of support
techniques such as pH measurement of the fetal scalp and
the transition from one group to another (EFM and IA),
which may have masked some benefits arising from one
or the other of the monitoring techniques, and may have
excluded high-risk patients for meconium-stained amni-
otic fluid or prolonged labor.

Different aspects may alter the results of the Vintzileos
trial. As before, no additional methods of fetal surveillance
were used (i.e., pH of the fetal scalp). Moreover, both low-
risk and high-risk pregnancies were included in the study
as well as preterm labors, and the study was conducted
based on a previous statistical assessment carried out
to identify the sample number needed to demonstrate
the real difference in perinatal mortality rates between
the 2 groups.

In conclusion, all guidelines regarding EFM before 2008
were designed more to avoid hypoxia than acidosis. In ad-
dition, the results of the Cochrane meta-analysis of 2013 do
not show a significant improvement in neonatal outcomes
using EFM or IA. These considerations lead us to recon-
sider the results of the Dublin trial and Vintzileos trial
in terms of operational rates of births (cesarean sections
and operative spontaneous delivery), hypothesizing that
these results would have been significantly lower if FHR
traces had been interpreted using the current NICHHD
guidelines which aim to identify potential acidotic fetuses
rather than hypoxic ones. Future clinical prospective tri-
als will be needed to resolve any doubts and confirm our
results.

M. Di Tommaso, et al. EFM vs |A: Literature reinterpretation
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