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Abstract

Purpose To evaluate the clinical significance of intra-

partum fetal heart rate (FHR) monitoring in low-risk

pregnancies according to guidelines and specific patterns.

Methods An obstetrician, blinded to neonatal outcome,

retrospectively reviewed 198 low-risk cases that underwent

continuous electronic fetal monitoring (EFM) during the

last 2 h before delivery. The tracings were interpreted as

normal, suspicious or pathological, according to specific

guidelines of EFM and by grouping the different FHR

patterns considering baseline, variability, presence of

decelerations and bradycardia. The EFM groups and the

different FHR-subgroups were associated with neonatal

acid base status at birth, as well as the short-term neonatal

composite outcome. Comparisons between groups were

performed with Kruskal–Wallis test. Differences among

categorical variables were evaluated using Fisher’s exact

test. Significance was set at p \ 0.05 level.

Results Significant differences were found for mean pH

values in the three EFM groups, with a significant trend from

‘‘normal’’ [pH 7.25, 95 % confidence interval (CI) 7.28–7.32]

to ‘‘pathological’’ tracings (pH 7.20, 95 % CI 7.17–7.13).

Also the rates of adverse composite neonatal outcome were

statistically different between the two groups (p \ 0.005).

Among the different FHR patterns, tracings with atypical

variable decelerations and severe bradycardia were more

frequently associated with adverse neonatal composite out-

come (11.1 and 26.7 %, respectively). However, statistically

significant differences were only observed between the sub-

groups with normal tracings and bradycardia.

Conclusions In low-risk pregnancies, there is a signifi-

cant association between neonatal outcome and EFM

classification. However, within abnormal tracings, neonatal

outcome might differ according to specific FHR pattern.

Keywords Electronic fetal monitoring � Labor �
Neonatal outcome

Introduction

Neonatal metabolic acidosis occurs in 20–25 newborns per

1,000 deliveries. Most cases are inconsequential although

3–4 of the acidotic neonates will be diagnosed with mul-

tiorgan failure [1, 2].

Since the 1960s, continuous electronic fetal heart rate

monitoring (EFM) has influenced the assessment and

identification of fetal hypoxia in an attempt to prevent

subsequent perinatal asphyxia and acidosis [3, 4].

Unfortunately, its widespread use in the ensuing decades

did not attain these aims and, on the other hand, brought to

a rise in the rate of unnecessary intervention.

Many clinicians focused their attention on the limita-

tions of this technology concluding that the poor inter-

observer/intraobserver agreement in the classification and

interpretation of EFM and the erroneous assessment of the

fetal physiologic condition might account for the high

false-positive rate of diagnosing fetal distress [5–8].

Despite these limitations, the EFM remains the gold

standard method for fetal surveillance in labor and there is
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a common belief that a normal reactive, accelerative and

not decelerative EFM pattern is suggestive of a reassuring

fetal status. Similarly, the tracings characterized by absent

variability with persistent late deceleration and/or pro-

longed decelerations represent an ominous sign, potentially

associated with adverse perinatal outcome.

Between these two extremes, there is a variable spec-

trum of suspicious tracings that the clinicians have to deal

with. These cases represent a great challenge, especially for

those units where the intrapartum fetal blood sampling

(FBS) or ST analysis are not routinely performed [7].

The aim of our study was to assess the clinical signifi-

cance of intrapartum EFM interpretation system in low-risk

pregnancies during the last 2 h of labor. To assess our

objective, we first evaluated the association between short-

term neonatal outcome measures and the classification of

EFM tracings, as defined and adapted from the Docu-

mentation Centre on Perinatal and Reproductive Health

(SaPeRiDoc) guidelines (EFM groups) [9]. Second, we

focused our attention on specific fetal heart rate (FHR)

patterns (FHR-subgroups) to determine whether different

features of non-reassuring or abnormal tracings were

associated with a different clinical neonatal outcome.

Methods

A 6-month retrospective review of labor ward database of

Maternal and Child Institute Burlo Garofolo (third Italian

referral center with roughly 2,000 deliveries/year) was

carried out to assess all intrapartum EFM tracings in low-

risk pregnancies. Institutional approval for this study was

granted by Technical Scientific Committee.

We considered only EFM tracings of singleton, at term

(gestational age was confirmed in all cases by crown rump

length measurement in the first trimester), who entered in

labor spontaneously. Only spontaneous and operative

vaginal deliveries were included. For all of them, external

continuous FHR monitoring during the last 2 h of labor and

full documentation of short-term neonatal outcomes were

available. Low-risk pregnancies were defined as cases

without potential risk factors for the development of aci-

dosis, cerebral palsy, perinatal death, and neonatal

encephalopathy [9].

To avoid the potential influence on acid base status at

birth and neonatal outcome measures, only cases with

normal—as stated in the reference guideline—admission

test and/or reassuring EFM tracings in the first stage of

labor were considered in the final analysis. All tracings

were reviewed by a trained obstetrician (G.M.), who was

blinded to umbilical cord gases results and neonatal out-

come. Another obstetrician (M.P.) randomly reviewed 40

FHR tracings without knowledge of the neonatal outcome.

The inter-observer agreement was compared between the

two investigators and showed good correlation with a j
score of 0.74 [10].

All cases had immediate cord clamping after delivery

and only those with an interval between the time of

delivery and the last available FHR recording \10 min

were included. The cord was double clamped at a mini-

mum length of 10 cm when the placenta was still in situ

and both the artery and vein were sampled in preheparin-

ised syringes and analyzed within 15 min.

As a first step, the investigator evaluated the selected

tracings classifying the 2-h FHR patterns before delivery

according to the FHR variables, as defined in the reference

guideline (Table 1). Specifically, the EFM groups were

considered as normal, if all four FHR variables fell into the

reassuring category; suspicious, if one of the variables

presented non-reassuring characteristics and the remainder

variables were reassuring; pathological, if more than two

non-reassuring or more than one abnormal variable was,

respectively, observed [9].

Similarly to the studies of Williams and Galerneau [11,

12], EFM tracings were then classified into ten patterns

(FHR-subgroups) according to the EFM features (Table 2).

In the interpretation of tracings, early, variable or late

decelerations were considered significant only if associated

with more than 50 % of the uterine contractions and in the

presence of a minimum number of three. Variable decel-

erations were considered as typical or atypical. Atypical

deceleration was defined in the presence of at least one of

the following additional components: loss of primary or

secondary rise in baseline rate; slow return to baseline FHR

after the end of the contraction; prolonged secondary rise in

baseline rate; biphasic deceleration; loss of variability

during deceleration; continuation of baseline rate at lower

level [9, 11, 12].

Bradycardia was considered as moderate or severe if a

persistent fall of baseline between 100 and 109 beats/min

and below 100 beats/min was, respectively, observed over

a time period of 5 or 10 min [9]. The presence or absence

of acceleration in each subgroup was also evaluated.

In order to assess the clinical significance of normal/

suspicious/pathological EFM groups and of the different

FHR-subgroups, we considered their association with both

umbilical artery’s (UA) pH and base deficit (BD) values at

birth, as well as with the short-term composite outcome.

Adverse composite neonatal outcome was defined as the

presence of at least one of UA pH \7 at birth, APGAR

score \7 at 5 min, neonatal resuscitation in delivery room

and admission to Neonatal Intensive Care Unit for distress

at birth.

We chose the UA pH value of 7.20 as the cut off to

define neonatal acidemia, to consider also the initial

endangerment of the fetal acid base status. Cases with UA
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pH less than 7.10 and 7.00 were also reported [13]. A value

greater than -12 mmol/L of BD was considered as a sign

of metabolic acidemia [14, 15].

Categorical variables were presented as absolute fre-

quencies, percentages and 95 % confidence intervals (95 %

CI); continuous variables were presented as mean and

95 % CIs. Comparisons between groups were performed

with Kruskal–Wallis test (non-parametric analysis of var-

iance) and with non-parametric test for trend across

ordered groups developed by Cuzick. Differences among

categorical variables were evaluated using Fisher’s exact

test (two tailed). Post hoc pairwise comparison was made

using Bonferroni correction. Statistical analysis was carried

out with the STATA statistical package (version 9.0) and

p \ 0.05 was considered as statistically significant.

Results

A total of 198 patients were included in the study. Sig-

nificant differences were found for mean pH and BD values

in the three EFM groups, with a remarkable trend from

‘‘normal’’ (mean pH 7.25, 95 % CI 7.28–7.32; mean BD -

3.35, 95 % CI -4.19 to -2.50) to ‘‘pathological’’ tracings

(mean pH 7.20, 95 % CI 7.17–7.13; mean BD -7.50, 95 %

CI -8.50 to -6.50; p \ 0.001). Statistically significant

differences were found between the normal group and both

the suspicious and pathological ones for pH below 7.20

(p \ 0.05) (Table 3). Significant differences in the rate of

adverse neonatal outcome occurred only between the

pathological and the normal EFM group (16.9 vs. 0 %,

respectively, p \ 0.05, Table 3). Among the FHR sub-

groups, the most represented subgroups were the 1, 3, 4, 9

and 10. No cases showed the FHR features described for

patterns 2 and 6. The subgroups 5, 7 and 8 were excluded

from the analysis because of the small sample size; 18

further cases were not considered because of the associa-

tion of more than one FHR pattern (i.e. typical or atypical

decelerations associated with moderate or severe

bradycardia).

A difference of mean pH and BD values were found in

the analyzed subgroups (173 cases), with a significant

decreasing trend of pH from subgroup 1 to subgroup 10

(p \ 0.001, Table 4).

Severe bradycardia (subgroup 10) was associated with

the highest rate of pH\7.20 (46.7 %), pH\7.10 (26.7 %)

and adverse neonatal outcomes (26.7 %). As for the type of

variable decelerations, the presence of an atypical pattern

was more frequently associated with a pH \7.20 (48.2 %)

as compared with FHR patterns with typical decelerations

Table 1 Categorisation of fetal heart rate (FHR) variables (modified from SaPeRiDoc) [9]

Feature Baseline (bpm) Variability (bpm) Decelerations Accelerations (bpm)

Reassuring 110–160 C5 None Present

Non-reassuring 100–109 \5 for C40

but \90 min

Repetitive (C3) typical variable

decelerations with over 50 %

of contractions

The absence of accelerations

with an otherwise normal

FHR tracing is of uncertain

significance161–180 Single prolonged \3 min

Abnormal \100 \5 for C90 min Either repetitive (C3) atypical

variable decelerations or late

decelerations, with over 50 %

of contractions

Single prolonged deceleration [3 min

[180

Sinusoidal pattern

C10 min

Table 2 Classification of fetal heart rate (FHR) pattern subgroups

FHR subgroup FHR pattern

1 Normal FHR baseline, normal variability and no decelerations

2 Normal FHR baseline, normal variability and presence of late decelerations

3 Normal FHR baseline, normal variability and the presence of atypical variable decelerations, without bradycardia

4 Normal FHR baseline FHR variability and the presence of typical variable decelerations, without bradycardia

5 Normal FHR baseline, minimal/absent baseline variability and no associated decelerations or bradycardia

6 Normal FHR baseline, minimal/absent baseline variability and presence of late decelerations without bradycardia

7 Normal FHR baseline, minimal/absent variability and presence of typical variable decelerations without bradycardia

8 Normal FHR baseline, minimal/absent variability and presence of atypical variable decelerations, without bradycardia

9 Moderate bradycardia in previous normal FHR tracings

10 Severe bradycardia in previous normal FHR tracings

Arch Gynecol Obstet (2012) 286:1153–1159 1155

123



(28.6 %). Among the tracings with variable deceleration,

only one case presented a pH value \7 at birth.

The presence of accelerations changed significantly

among the FHR subgroups, showing a decreasing rate of

appearance from normal tracings to tracings characterized

by typical and, even more, by atypical decelerations. In

particular, the presence of acceleration was statistically

different between subgroup 4 (atypical decelerations) and

all the other subgroups. Accelerations occurred more fre-

quently in the subgroups with bradycardia than in tracings

presenting decelerations. The observation that all cases

with severe bradycardia (mean pH 7.19, 95 % CI

7.13–7.26) were preceded by an accelerative tracing

(Table 4) was of interest.

As regards the duration of the different suspicious/path-

ological patterns, we found a significant decreasing trend of

duration (minutes) among the FHR subgroups (values

ranging from 34.6, 95 % CI 30.0–39.2, to 9.7, 95 % CI

7.7–11.6; p \ 0.001). Significant differences of time-inter-

val between the onset of FHR pattern and delivery were

found between tracings with typical or atypical decelerations

and moderate or severe bradycardia (Table 4).

Discussion

The results we obtained in our study revealed the existence

of a significant relationship between the three EFM-groups

and the pH/BD values: decreasing mean values of pH

and increasing mean values of BD were, respectively,

observed, ranging from ‘‘normal’’ to ‘‘pathological’’ tracings.

However, mean cord blood parameters remained always

within the range of ‘‘normality’’, showing that in our

experience, the EFM classification has a low positive

predictive value to identify at least one of the defined

measures of adverse neonatal outcome (PPV 12 %). This is

an expected result, which can theoretically be related to

epidemiological and clinical aspects. It might be related to

the low positive predictive value of the test that is dictated

by its high sensitivity and low specificity (100 and 27.8 %,

respectively, in our experience), in association with the low

prevalence of the target condition.

It might also be the result of the so-called ‘‘treatment

paradox effect’’. This phenomenon is described in studies

of prediction, where an outcome (i.e. neonatal outcome

variables) with a known association with the test predictor

(i.e. EFM)—conditional probability—can be ameliorated

or avoided by an intervention.

As stated by different national EFM guidelines, suspi-

cious or pathological FHR patterns need actions to further

investigate the cause and then correct the cause or expedite

delivery: we arbitrarily decided to consider the EFM inter-

pretation guidelines commonly used in the Italian obstetric

departments, where invasive ancillary tests, such as FBS, are

not commonly used. In our experience, the lack of infor-

mation about the use of conservative resuscitative measures,

such as maternal repositioning or administration of intrave-

nous fluid bolus, might represent a limitation in our obser-

vation. However, these aspects were beyond the objective of

our study, since our aim was to assess whether a defined

interpretation of different abnormal FHR patterns might

have a different impact on neonatal outcome [7, 9, 16–18].

Table 3 Umbilical artery pH/base deficit and short-term adverse

composite neonatal outcome (umbilical artery pH at birth \7 and/or

APGAR score \7 at 5 min and/or neonatal resuscitation in delivery

room and admission to Neonatal Intensive Care Unit for distress at

birth) in EFM groups. Data are expressed as mean and 95 %

confidence intervals or as number, percentage and 95 % confidence

intervals (95 % CI)

EFM Group 1 EFM Group 2 EFM Group 3 p for differences p for trend

Normal

n=51/198 (25.7 %)

Suspicious

n=88/198 (44.4 %)

Pathological

n=59/198 (29.8 %)

pH mean (95 % CI) 7.30 (7.28 to 7.32) 7.25 (7.23 to 7.27) 7.20 (7.17 to 7.13) \0.001* \0.001

BD mmol/L mean (95 % CI) -3.35 (-4.19 to -2.50) -5.62 (-6.43 to -4.81) -7.50 (-8.50 to -6.50) \0.001* \0.001

pH \7.20 n� (%, 95 % CI) 3 (5.9, 1.2 to 16.2) 25 (28.4, 19.3 to 39.0) 37 (62.7, 49.0 to 75.0) \0.001§

pH \7.10 n� (%, 95 % CI) 0 (0, 0 to 7.0) 7 (7.8, 3.2 to 15.5) 13 (22.0, 12.2 to 34.7) \0.001�

pH \7.00 n� (%, 95 % CI) 0 (0, 0 to 7.0) 1 (1.1, 0.0 to -6.1) 2 (3.4, 0.4 to 11.7) 0.459

BD mmol/L \-12 n�
(%, 95 % CI))

0 (0, 0 to 7.0) 5 (5.7, 1.9 to 12.8) 6 (10.1, 3.8 to 20.1) 0.053

Adverse outcome n�
(%, 95 % CI)

0 (0, 0 to 7.0) 8 (9.1, 4.0 to 17.1) 10 (16.9, 0.8 to 29.0) 0.005�

BD base deficit

* p \ 0.05 for all pairwise comparisons
§ p \ 0.05 for group 2 versus 1 and group 3 versus 1
� p \ 0.05 for group 3 versus 1
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From our analysis we basically identified four categories

of abnormal FHR patterns.

Subgroups 3 and 4: FHR patterns with variable decel-

erations associated with normal variability were the most

frequent tracings observed in our study population (45.4 %

of the cases). Gibb and Arulkumaran [19] described the

FHR patterns of subacute hypoxia, characterized by the

presence of repetitive variable decelerations. Schifrin [20]

observed that every form of hypoxia is preceded by the

presence of decelerations before any rising of baseline and

reduction of variability. Our results support the hypothesis

that subgroup 3 and 4 might represent two different forms

of fetal ‘‘stress’’, where the fetus starts to use its resources

to cope with a suboptimal condition [21]. This hypothesis

might be inferred by the following observations: (1) the

frequency of accelerations is progressively reduced when

typical and atypical variable decelerations occur (from 81.0

to 66.7 %, respectively); (2) the prevalence of cases with

pH below 7.20 is different between the two groups (28.6

vs. 48.2 %) and significantly higher than in normal trac-

ings; (3) there is a decreasing trend of pH from normal

tracings to tracings with typical and atypical decelerations.

Subgroups 9 and 10: experimental studies on monkeys [22]

showed that after total umbilical cord occlusion, to simulate

marked bradycardia, brain blood flow ceased in 5–6 min, and

cord’s pH dropped at a rate of 0.05 U/min. Other experi-

mental studies supported this hypothesis: a significant

decrease of pH at a rate of 0.03 per min has been observed in

the case of a FHR baseline below 100 beats/min [19].

In line with these observations, the mean pH values

observed in cases with severe bradycardia were signifi-

cantly lower as compared with normal FHR patterns (mean

7.19, CI 95 % 7.13–7.26 vs. mean 7.31, CI 95 %

7.29–7.33, respectively) despite the short duration of this

pattern and the presence of accelerations before the onset

of severe bradycardia. These observations support the

consensus of guidelines on managing these tracings:

expedite delivery is mandatory [9, 16–18].

It is well known that besides the characteristics of FHR,

the duration of the specific pattern can have a significant

influence on pH at birth [21, 23]. In our experience, despite

the limited sample size of the study group, the median time-

intervals to delivery for moderate and marked bradycardia

were significantly lower than the duration of FHR tracings

with variable decelerations. It might reflect the different

interpretation attributed to these patterns: bradycardia even

if associated with normal variability was considered a sign of

acute fetal ‘‘distress’’, whilst tracings characterized by var-

iable decelerations were considered a marker of subacute

hypoxia only when persisting for a longer period.

The tracings with moderate bradycardia deserve particu-

lar considerations. It has been reported that this pattern might

be the consequence of relative or absolute feto-pelvic

disproportion [24]. No cases of adverse neonatal outcome

were observed for this FHR subgroup and mean pH values

were similar to those observed in tracings with decelerations.

However, the time interval to delivery for moderate brady-

cardia was shorter and similar to that observed in cases of

severe bradycardia. How to manage this condition was

beyond the aim of our study, but evidence from our retro-

spective analysis supported the belief that obstetrician’s

attitudes were to reduce the time interval to delivery, con-

sidering moderate bradycardia an ominous pattern, just like

severe bradycardia. In this context, it is unclear whether

these FHR tracings might represent a different form of fetal

‘‘stress’’, leading, if long lasting, to ‘‘distress’’.

In literature most efforts are directed to describe

‘‘extreme’’ FHR patterns of gradually developing hypoxia

(i.e. tracings with tachycardia associated with late decel-

erations and/or decreased variability). In our experience we

did not observe such cases: this can be partly due to their

low incidence in low-risk labor and to the limited sample

size. Another reason could be the lack of use of ancillary

methods (i.e. FBS and ST analysis) in our clinical practice,

which can possibly lead to earlier intervention, before the

EFM tracings presented multiple or complex features of

abnormal EFM patterns.

We decided to focus our attention on well-defined FHR

patterns, excluding cases with composite clinical and FHR

features to avoid potential bias on outcome assessment. In

this context, our study provides a meaningful information

to understand the clinical significance of the most frequent

suspicious FHR patterns occurring during the late stages of

labor: this might be particularly useful to caregivers in

managing low-risk pregnancies, especially when FBS is

not available or technically feasible. In this setting, a cor-

rect interpretation of FHR tracings might allow an appro-

priate action before performing unnecessary operative

interventions [25].
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