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Abstract

Introduction: Fetal heart rate monitoring during labor is used to study fetal
well-being and predict neonatal acidosis of newborn. Fetal heart rate moni-
toring is analyzed by the obstetrical team and categorized according to the
FIGO guidelines. An important limitation of this diagnostic tool is an inter-
and intra-observer variability, leading to subjective cardiotocography inter-
pretation and classification. Our objective was to study the association be-
tween the categories of fetal heart rate analysis (according to FIGO classifica-
tion) and neonatal acidosis of full-term newborns. Study design: This is a
multicenter retrospective cohort study conducted between 2014 and 2018 in
the Grand-Est region. We searched and included retrospectively children
hospitalized in a pediatric intensive care unit in one of the participating hos-
pitals with an ICD-10 coding type “P91.6” corresponding to “Hypoxic
Ischemic Encephalopathy”. Maternal, pregnancy, delivery, and newborn cha-
racteristics were collected and compared by univariate logistic regression with
multiple imputation. Odds Ratio and 95% confidence intervals (CI) were
calculated using the model and presented. Multiple imputation with m = 100
imputations was tested, using Rubin rules to combine the results. Results: 55
patients were included in the study. Fetal heart rate tracings classified in Cat-
egory 3 as “pathological” according to FIGO guidelines were significantly as-
sociated with an increased risk of severe neonatal acidosis. Late decelerations
and bradycardia during labor were associated with severe neonatal acidosis.
Conclusion: Severe neonatal acidosis may be suspected by interpretation of
fetal heart rate during labor. Fetal bradycardia and late decelerations are pre-
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dictive of the severity of neonatal acidosis. This study emphasizes the need to
screen severe neonatal acidosis and allows the identification of populations
most at risk. Repeated team training and upgrading of fetal heart rate study
would further reduce the incidence of neonatal acidosis.
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1. Introduction

Neonatal acidosis is defined as an umbilical cord blood pH below 7.15 at birth
[1]. Neonatal asphyxia for its part, is characterized by a metabolic acidosis (pH <
7.00 and base excess (BE) < 12 mmol/L) associated with clinical criteria such as a
5-minute Apgar score < 7 or a sign of neonatal encephalopathy. Current clinical
data indicate that the risks of neonatal complications are significantly higher for
arterial cord blood pH values below 7.00 [2]. However, the prognosis for those
children is extremely different,; indeed, some will have a favorable neurological
prognosis, whereas others will develop neonatal hypoxic ischemic encephalopa-
thy, despite an appropriated treatment with therapeutic hypothermia. Perinatal
hypoxemic ischemic encephalopathy is a major cause of neonatal encephalopa-
thy and is associated with neurodevelopmental impairment and contributes to
infant mortality [3].

Intrapartum fetal heart rate (FHR) monitoring is a diagnostic tool to assess
fetal well-being and to predict the acid-base status of newborns. Although this
non-invasive technique is routinely used during labor, its ability to reduce neo-
natal morbidity and mortality is still a question of debate [4]. In a large review
conducted by the Cochrane Database, the authors highlight that continuous
FHR monitoring during labor is associated with halving of neonatal seizures, but
no other clear differences concerning neonatal benefits are observed [5]. Indeed,
one of the major limitations of this method is the high inter/intra-observer va-
riability due to subjective interpretations of this test [6].

In 2008, the National Institute of Child Health and Human Development
published national guidelines for the interpretation of FHR tracing [7] with a full
description of different characteristics that are more or less suggestive of neo-
natal acidosis severity [8] [9].

The International Federation of Gynecologic and Obstetrics (FIGO) published
in 2015 modified guidelines on intrapartum fetal monitoring, and advocates for
a three-tiered classification system to qualify FHR patterns: normal, suspicious
and pathological [10].

In this context, the main objective of our study was to explore the association
between the categories of FHR analysis (according to FIGO classification) and

neonatal acidosis (severe versus non-severe) in full-term newborns. Our sec-
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ondary objective was to investigate whether some FHR characteristics during the

active phase of labor could predict the severity of neonatal acidosis.

2. Methods
2.1. Study Design and Population

This is a multicenter retrospective cohort study carried out between January
2014 and December 2018. It was conducted in 6 maternity units in the Cham-
pagne Ardennes region including Reims University Hospital and other materni-
ty units of different levels. Any child born and hospitalized in a pediatric inten-
sive care unit in one of the participating hospitals was identified retrospectively.
There was no specific coding for “neonatal acidosis”. Therefore, we searched and
included children hospitalized with an ICD-10 coding type “P91.6” correspond-
ing to “Hypoxic Ischemic Encephalopathy”, with the consequence of losing ex-
actness. We excluded children born before 37 weeks because characteristics of

those children and prematurity are known to influence neonatal acidosis.

2.2. Data Collection

A data chaining was then performed to retrieve maternal data from the pediatric
records. Specific collections of information from the medical file have been rea-
lized for each patient. The data from the medical record included maternal cha-
racteristics, as well as pregnancy and delivery parameters. Information on fetal
characteristics at birth has been collected from the pediatric record.

The parameters studied were:

e Demographic parameters:

Maternal age, weight, smoking, gravidity and parity, past-cesarean delivery,
history of neonatal death.
e Pregnancy and obstetrics characteristics:

Gestational diabetes mellitus, hypertensive disorders, preeclampsia, premature
rupture of membranes, suspected intra-uterine growth restriction, fetal macro-
somia.

e Delivery characteristics:

Gestational age (weeks), mode of delivery, instrumental delivery induction of
labor, duration of expulsive efforts, fetal presentation.

e Interpretation of fetal heart rate monitoring:

Classification according to FIGO guidelines, fetal tachycardia, uterine tachy-
systole, sinusoidal FHR, decelerations, variability.

e Delivery characteristics and complications:

Birth weight, gender, umbilical cord around the neck, 5-minute Apgar score,
arterial umbilical cord pH, lactate, base deficit, pCO,, orotracheal intubation,

neonatal death.

2.3. Primary Endpoint

The primary endpoint was to explore whether pathological intrapartum FHR
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monitoring during the active phase of labor is associated with neonatal acidosis
(severe versus non-severe). FHR tracings were analyzed as described in the lite-
rature, for 60 minutes before the beginning of the expulsive efforts or the deli-
very. The classification of FHR during labor was reviewed by an obstetrician and
the resident in charge of the study, and was qualified according to the FIGO
2015 nomenclature into three categories: normal, suspicious or pathological car-
diotocography (CTG). The category 1 refers to a normal tracing which is predic-
tive of a normal acid-base status, in contrast category 3 called pathological is
considered associated with an increased probability of neonatal acidosis at the
time of observation. Concerning the category 2, it is considered as a suspicious
FHR and not predictive of an abnormal fetal acid-base status but requires regu-
lar reevaluation (Appendix A).

The reviewers interpreted FHR tracings without knowing neonatal pH value.
We examined the baseline heart rate, variability (normal or less than 5 beats per
minute), the presence of decelerations (early, variable, and late decelerations),
the presence of fetal tachycardia or bradycardia, the presence of sinusoidal FHR,

and uterine tachysystole.

2.4. Regulatory Aspects

In conformity with the French Data Protection Act, a CNIL declaration has been
made to the data protection correspondents of each establishment in the study.
Patients were informed of their participation in the study and their consent was
collected. The different establishments respect the MR004.

2.5. Statistical Analysis

2.5.1. Descriptive Analysis

We first studied the distribution of patients and their characteristics. The conti-
nuous variables were expressed as mean and standard deviation, the categorical
variables as number and percentage. As appropriate, statistical significance was
performed using the Student’s t-tests or Mann Whitney’s U-tests for continuous

variables, and Chi-2 tests or Fisher’s exact tests for categorical variables.

2.5.2. Analysis of the Association between Interpretation of FHR
According to FIGO Guidelines and Severe Neonatal Acidosis

The association between the interpretation (in categories) of FHR according to
the FIGO guidelines and severe neonatal acidosis was tested and quantified by
univariate logistic regression. Odds Ratio and 95% confidence intervals (CI)
were calculated using the model and presented. We divided the study population
into two groups: “severe neonatal acidosis (with an arterial pH < 7.00)” and
“non-severe neonatal acidosis (arterial pH > 7.00)”. Multiple imputation with m
= 100 imputations was tested, using Rubin rules to combine the results. The
analysis was first performed in “complete cases” and then after multiple imputa-
tion. The results of both analyses were presented. p < 0.05 was considered statis-

tically significant.
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3. Results

We included 55 patients between 1* January, 2014 and 31* December, 2018.
Figure 1 represents the flow chart of patients included in the study. In total,
we collected 27 maternal records with severe neonatal acidosis (pH < 7.00), and

28 records with a non-severe neonatal acidosis (pH > 7.00).

3.1. Descriptive Analysis

3.1.1. Maternal and Current Pregnancy Characteristics (Table 1)

Table 1 presents the initial characteristics of the study population, as well as the
analysis of parameters comparing severe neonatal acidosis (pH < 7.00) to non-severe
neonatal acidosis. The study population was in 36.7% of cases of primiparous
patients, and most of pregnancies were singleton pregnancies (98.2%). The two
groups were comparable concerning baseline demographic characteristics in-
cluding maternal age (30.3 vs. 29.1, p = 0.39) and weight (83.5 kg vs. 69.0 kg, p =
0.09). There were no significant differences between the two groups concerning
preeclampsia, gestational diabetes mellitus, hypertensive disorders, suspected

intra-uterine growth restriction and fetal macrosomia (p > 0.05).

3.1.2. Delivery Outcomes (Table 2)

In the great majority of cases, fetuses were in cephalic presentation (96.4%). The
average gestational age at delivery was 39.6 weeks. Almost half the women had
an emergency cesarean section (52.7%). The data analysis shows that 55.2% of
caesarean sections were performed for fetal heart rate abnormalities. In 17.2% of
caesarean sections cases, an “unavoidable” cause of neonatal acidosis had been
determined (placenta abruption, cord prolapse). An assisted delivery was re-
quired in 21.8% of vaginal deliveries. Almost half of deliveries in each group

were carried out by cesarean sections (55.6% vs 50.0%, p = 0.68). The 3 cases of

Source population:

N = 63 children hospitalized with a coding type
“P91.6” Hypoxic ischemic encephalopathy

Excluded: N=8
7 deliveries < 37 weeks
1 missing data

A 4

\4

Included patients: N =55
Newborns with neonatal acidosis

A A 4

Severe neonatal acidosis: Neonatal acidosis:
(pH<7,00) (pH>7,00)
N=27 N=28

Figure 1. Flowchart of patients included in the study.
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Table 1. Maternal and current pregnancy characteristics.

Severe neonatal  Neonatal acidosis
acidosis pH < 7.00 pH > 7.00
n=27 n=28

p
Percentage Percentage
Overall (%?) n
(%) (%)
Maternal and Obstetrical Characteristics
Mean maternal age. years
29.7 (5.10
(mean. SD) ( ) 30.3 (5.2) 29.1 (5.0) 0.39

Weight*.kilogrammes 72 (62.0 - 86.5) 83.5(61.3 - 95.8) 69.0 (62.0 - 74.0)  0.09

Smoking 8(15.1) 3 11.5 5 18.5 0.70
Primiparity 20 (36.4) 10 37.0 10 35.7 0.92
Pastcesareandelevery 7 (12.7) 4 14.8 3 10.7 0.71
Pastneonataldeath 5(9.1) 4 14.8 1 3.6 0.19

Current Pregnancy Characteristics

Singleton pregnancy 54 (98.2) 26 96.3 28 100 0.49
Gestational diabetes mellitus 13 (24.1) 7 26.9 6 214 0.64
Hypertensive disorders 7 (12.7) 4 14.8 3 10.7 0.71
Preeclampsia 5(9.1) 2 7.4 3 10.7 1.00
Supected IUGR 2(3.6) 1 3.7 1 3.6 1.00
Macrosomia 7 (12.7) 5 18.5 2 7.1 0.25

PROM 1(1.8) 0 0 1 3.6 1.00

“Percentage calculated from collected data; ‘Maternal weight at the beginning of the pregnancy; SD, Stan-
dard Deviation; IUGR, intra-uterine growth restriction; PROM, premature rupture of membranes.

Table 2. Delivery characteristics.

Severe neonatal Neonatalacidosis
acidosis pH < 7.00 pH > 7.00
Overall (%?) n=27 n=28 P
n Percentage n Percentage
(%) (%)
Cephalic presentation 53 (96.4) 27 100 26 92.9 0.49
Induction of labour* 15 (27.3) 9 33.3 6 21.4 0.32
Induction duration 1.00
<12 hours 11 (68.8) 6 66.7 5 714
12 to 24 hours 5(31.3) 2 22.2 2 28.6
Cesarean section 29 (52.7) 15 55.6 14 50.0 0.68
Emergency cesarean 29 (100) 15 100 14 100
Cesarean indications 0.24
FHR abnormalities 16 (55.2) 8 53.3 8 57.1
Abruptio placentae 3(10.3) 3 20.0 0 0
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Continued
Cordprolaps 2(6.9) 0 0 2 14.3
Severe preeclampsia 1(3.4) 0 0 1 7.1
Failure to progress 7 (24.1) 4 26.6 3 214

General anesthesia 10 (34.5) 7 25.9 3 10.7 0.18

Gestational age, weeks (SD)  39.6 (1.60) 39.0 37.65-40.40 40.1 39.2-41.1 0.07

Assisted delivery 0.63
Forceps 4(7.3) 3 11.1 1 3.6
Vacuum 8 (14.5) 4 14.8 4 14.3

Duration of expulsive

13.5(5.3-18.8
efforts, minutes ( )

13.0 (9.0 - 17.0) 14 (5.0 - 24.0) 0.73

*Percentage calculated from collected data; Tnduction of labor using prostaglandins; FHR, Fetal Heart Rate.

placenta abruption reported were in the severe neonatal acidosis group (20% vs
0%, p = 0.24). In addition, FHR abnormalities were the main indication for cae-

sarean section in both groups (53.3% vs 57.1%, p = 0.24).

3.1.3. Newborn Characteristics (Table 3)

Newborns were more often female (56.4%). The mean arterial pH was 7.02 (SD
0.18), the majority of fetuses had to be intubated (81.8%) and 10.9% of them
died after birth. The mean arterial pH was significantly lower in the severe neo-
natal acidosis group (6.86 vs. 7.15, p < 0.001).Six newborns in the severe neonat-
al acidosis group died after birth (22.2% vs. 0%, p = 0.01). Newborns with severe
neonatal acidosis presented a base excess at birth (-16.4 vs. —10.0, p = 0.001) and
significantly higher lactate levels (15.4 vs. 12.2, p = 0.05). There was no signifi-
cant difference in Apgar score and orotracheal intubation between the two

groups (p > 0.05).

3.2. Primary Endpoint: Classification of FHR
and Neonatal Acidosis (Table 4 & Table 5)

Concerning interpretation of FHR according to FIGO guidelines, nearly 75% of
the tracings were classified as “Category 3: pathological”. Most of the FHR trac-
ings categorized as “pathological” belonged to the severe neonatal acidosis group
(91.7% vs. 56.5%, p = 0.003) (Table 4). The category 3 “pathological” of the
FIGO fetal heart rate classification was significantly associated with an increased
risk of severe neonatal acidosis (OR = 8.59 (1.60 - 46.32), p = 0.003) (Table 5).

3.3. Secondary Endpoints: Predictive Factors of Severe
Neonatal Acidosis (Table 4 & Table 5)

Reduced variability (57.8%), bradycardia (44.4%), and late decelerations (51.1%)
were the most common FHR abnormalities found in our study. There were more
fetal bradycardia (59.7% vs 39.4%, p = 0.05) and more late decelerations (31.8%

vs 14.0%, p = 0.04) recorded in the severe neonatal acidosis group compared to
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Table 3. Newborn characteristics.

Severe neonatal

Neonatal acidosis

acidosis
pH > 7.00
pH < 7.00 ~
Overall (%*) n=27 n=28 P
Percentage Percentage
(%) (%)
Male gender 24 (43.6) 13 48.1 11 39.3 0.51
Umbilical cord round neck 11 (20) 6 22.2 5 17.9 0.41
Apgar score < 7 at 5 min 42 (76.4) 22 81.5 20 714 0.38
Orotracheal intubation 45 (81.8) 23 85.2 22 78.6 0.73
Birth weight, grammes
3339 (616) 3377.7 (750.1) 3303.3 (465.5) 0.66
(mean, SD)
Arterial umbilical cord pH
7.02 (0.18) 6.86 (0.11) 7.11 (0.11) <0.001
(mean, SD)
Lactates, mmol/L
13.5 (6.16) 15.4 (4.3) 12.2 (7.00) 0.05
(mean, SD)
Base excess (median, SD) -13.5(3.2) -16.4 (-20.3.-14.9) -10.0 (-13.8.-8.3) 0.001
pCO, (mean, SD) 64.7 (29.5) 86.1 (25.9) 47.7 (19.6) <0.001
Neonatal death 6 (10.9%) 6 22.2 0 0 0.01
*Percentage calculated from collected data; SD. Standard Deviation.
Table 4. Characteristics of fetal heart rate monitoring during labor.
Severe neonatal Neonatal acidosis
acidosis pH < 7.00 pH>7.00
Overall n=27 n=28
(%°) P
Percentage Percentage
(%) (%)
FIGO Classification 0.003
Normal 1(2.1) 1 4.2 0 0
Suspicious 11 (23.4) 1 4.2 10 43.5
Pathological 35 (74.5) 22 91.7 13 56.5
Reduced Variability (<5 bpm) 26 (57.8) 20 74.0 16 57.1 0.17
Fetal Tachycardia 12 (26.7) 6 27.3 6 26.1 0.93
Sinusoidal FHR 3(6.7) 2 9.1 1 4.3 0.61
Uterine tachysystole 14 (31.1) 5 22.7 9 39.1 0.24
Bradycardia 20 (44.4) 13 59.7 7 30.4 0.05
Decelerations 0.04
Late Decelerations 10 (22.2) 7 31.8 3 14.0
Variable Decelerations 23 (51.1) 7 31.8 16 69.6

*Percentage calculated from collected data; FHR, Fetal Heart Rate; bpm, beats per minute.
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Table 5. Association between interpretation of FHR according to FIGO guidelines and
severe neonatal acidosis (arterial umbilical cord pH < 7.00). Univariate analysis®.

OR® CI95% OR* CI95% P
FIGO Classification
Normal/Suspicious 1
Pathological 8.46 1.87 - 60.94 8.59 1.60 - 46.32 0.003
FHR interpretation:
Reduced variability < 5 bpm 2.34 0.71 - 8.20 2.24 0.65 - 7.69 0.17
Declarations 0.04
Variable decelerations 0.22 0.05-0.93 0.21 0.05 - 0.95
Late decelerations 1.17 0.19-7.73 1.20 0.19 - 7.69
Fetal tachycardia 1.06 0.28 - 4.07 1.10 0.30 - 4.13 0.93
Fetal bradycardia 3.30 0.99 - 11.84 3.29 0.94 - 11.54 0.05
Sinusoidal FHR 2.20 1.20 - 49.50 2.21 0.17 - 28.82 0.61
Uterine tachysystole 0.46 0.12 - 1.64 0.48 0.13-2.83 0.24

“Univariate logistic model; "Full cases analysis; “Analysis with multiple imputation; bpm, beats per minute.

the non-severe neonatal acidosis group (Table 4).

The presence of decelerations during CTG was also significantly associated
with severe neonatal acidosis: variable decelerations led to a significant reduc-
tion of severe neonatal acidosis risk (OR 0.21 (0.05 - 0.95), p = 0.04) whereas late
decelerations significantly increased this risk (OR 1.20 (0.19 - 7.69), p = 0.04).
Fetal bradycardia significantly increased the risk of severe neonatal acidosis (OR
3.29 (0.94 - 11.54), p = 0.05). No significant association was observed between
severe neonatal acidosis and reduced variability, fetal tachycardia and sinusoidal
FHR (Table 5).

4. Discussion

Our study shows a significant association between severe neonatal acidosis and
category 3 “pathological” fetal heart rate interpretation during labor according
to FIGO guidelines. FHR analysis presents a good sensitivity but a limited speci-
ficity because of its inter- and intra-observer variability [11]. In fact, in a recent
study, Clark et al. highlighted that only half of the children born with neonatal
metabolic acidosis were identified intrapartum [12]. In this context, it appears
essential that guidelines should be simple, objective and reproducible in order to
screen situations most at risk of severe acidosis. That is the reason why, in 2015,
the FIGO updated its guidelines on interpretation of FHR tracing and empha-
sized the need for a careful analysis, in order to prevent severe neonatal acidosis
outbreak [10].

In our study, late decelerations, which reflect the activation of chemoreceptors
in response to fetal hypoxia [13], were significantly associated with severe neo-

natal acidosis. This result has already been observed in the literature [8] [14]

DOI: 10.4236/0jog.2020.1090117

1273 Open Journal of Obstetrics and Gynecology


https://doi.org/10.4236/ojog.2020.1090117

A.-C. Faivre et al.

[15]. Indeed, a Spanish case-control study demonstrated that decelerations oc-
curring during the last 30 minutes of labor were the best marker of neonatal
acidosis [14].

In addition, we observed that variable decelerations decreased the risk of se-
vere neonatal acidosis. Although this result is not found in the literature, Wil-
liams et al. showed that when the FHR variability was normal, the presence of
variable decelerations did not lead to severe neonatal acidosis in 97% of cases
[16]. Indeed, variable decelerations that are mediated by baroreceptor stimula-
tion constitute most of decelerations during labor (Appendix B); and their asso-
ciation with other FHR abnormalities may be a sign of neonatal acidosis.

According to the literature, we assessed a significant association between the
severity of neonatal acidosis and the occurrence of bradycardia during the
second stage of labor. Fetal bradycardia is a very good indicator of acidosis but
because of its brutality and unpredictability this makes it hardly exploitable for
improving practices [17].

On the other hand, we did not find any significant results concerning reduced
variability, probably due to the lack of power of our study caused by the limited
cases. In fact, it is well described in the literature that reduced variability is often
associated with severe neonatal acidosis, mediated by a mechanism of chronic
hypoxia and placental hypoperfusion [18] [19] [20]. Similarly, we did not ob-
serve any significant results concerning fetal tachycardia or any significant asso-
ciation with uterine contractions.

Although continuous FHR monitoring is considered as a screening tool to
predict fetal hypoxia, it does not provide the cause of neonatal acidosis. The lat-
ter can occur either after chronic hypoxia or after an acute and severe complica-
tion which is considered as “unavoidable”. In this case, even if an appropriate
obstetric management is performed, it often leads to severe neonatal acidosis.
Actually, the three cases of placenta abruption reported in our study presented
with arterial pH below 7.00 at birth. However, in only 17% of C-sections we
found severe neonatal acidosis due to those unavoidable causes. Consequently,
our results suggest that neonatal acidosis could have been better predicted for
most deliveries. In fact, in a nationwide descriptive study, Berglund et a/l ob-
served that in 71% of cases of newborns with an Apgar score < 7 at 5 min, obste-
trical care was judged to be non-optimal with a delay in medical intervention in
front of repeated pathological FHR monitoring [21]. In 52% of cases, there was a
medical malpractice at delivery which highlights that medical decisions can con-
tribute to a situation of fetal hypoxia.

Our study has a number of important strengths. First, it is multicenter study
which also allows us to explore different levels of maternity in the Grand Est re-
gion. The women characteristics included were comparable to the national pro-
file from the French National Perinatal Survey 2016 [22]. Our criteria for severe
neonatal acidosis met a very specific definition which is described as being asso-

ciated with neurological injury [23] [24].
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Nevertheless, our study has some limitations. First, the reduced number of in-
cluded patients (n = 55) leads to a lack of power, making statistical calculations
difficult. Therefore, we were unable to perform a multivariate analysis and we
could not take into account some confounding biases. Secondly, we do not have
a control group to allow matching and comparison to a healthy group. Third, we
included only children hospitalized in an intensive care unit for hypoxic
ischemic encephalopathy because there is no ICD-10 coding for severe neonatal
acidosis. So we inevitably created a selection bias. Finally, the main limitation of
our study was the variability between observers for the interpretation of FHR
monitoring. A collegial review of CTGs would help to reduce this subjectivity
bias.

Our study suggests that a misinterpretation of the FHR tracing can sometimes
lead to a delay in obstetrical intervention and increased maternal-fetal risks. In
this context, regular and frequent training of obstetrical teams (midwives, resi-
dents, doctors) is essential and widely recommended [25]. It seems important to
organize mortality and morbidity reviews, review sessions of contentious cases,

and evaluations of professional practices to improve neonatal morbidity.
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Appendix A: FHR Classification FIGO 2015

FIGO modified Guidelines 2015 on intrapartum fetal heart rate monitoring

Normal Suspicious Pathological

Baseline 110 - 160 bpm <100 bpm

Variabilit — Lacking at least one
ariabili - m
Y P characteristic of normality, but
No repetitive* with no pathological features  Repetitive, late or prolonged decelerations > 30 min (or 20 min if

Reduced variability, Increased variability, or sinusoidal pattern

Decelerations
decelerations variability is reduced). Prolonged Deceleration > 5 min
No Low probability of
Interpretation . L p . i y. High probability of hypoxia/acidosis
hypoxia/acidosis hypoxia/acidosis
. . Action to correct reversible Immediate action to correct reversible causes, adjunct
. No intervention . i . i R i
Clinical Management causes, close monitoring, or technologies or if not possible expedite delivery.
necessa:
Y adjunct technologies In acute situations, immediate delivery must be accomplished

*Decelerations are repetitive when associated with >50% contractions. Absence of accelerations during labor is of uncertain significance.

Appendix B: Schematic Illustration of the Scientific Basis for Hypoxemic and
Non-Hypoxemic Fetal Heart Rate Decelerations
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Sholapurkar. Is fetal heart rate “deceleration area” the silver bullet for detection of acidemia? Am J Obstet Gynecol 2018.

(a) Diagram of fetal heart rate deceleration (H-K-M) resulting from peripheral chemo-reflection due to hypoxemia; (b) Diagram

of non-hypoxemic variable decelerations resulting from peripheral baroreflection.
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